IE 250 Marine

Power Management

096€LYEBSLY

Designer's handbook

Improve
Tomorrow




1. About the Designer's handbook

1.1 Intended users of the DesigNer's RANADOOK..............c...ccooiiiiiiieri ettt ettt 17
1.2 SYMDBOIS @NA CONVENTIONS..............ooiioii ettt e85t 17
B SOFEWAIE VEISIONS. ...ttt sttt 19
1.4 NE A MOIE INFOIMATIONT ...ttt s8Rt 19
LB CAD AFaWINGS..........ooooiee a2 sttt nes 19
1.6 WArNINGS @NA SATOLY ..ot ettt 20
L7 LeGALINFOIM@EION.............oii ettt R8s e R8sttt 23

2. System principles

2T ADOUL TRE CONTIOIIETS...........ooio et bbb 25
211 ADOUL the CONTIOIIEE TYPES.....oeieieir ettt ettt nstes 25
21,2 DISPIAY TAYOUL ...ttt st s8R

2.2 Application as a system
2.2 SiNgle-liN€ APPHCALION AFAWING......iieeeieeieeciecieeieiie et s st e bbbt 27
2.2.2 APPHCALIONS. ...ttt o8£8Rt 28
2.2.3 ChangE CONTIOIIET TYPO.....oueeiireiriiiei ettt e et 28
2.2.4 Maximum NUMDBDET OF CONTIOIEIS......... ettt ss et b st 29
2.2.5 RESIICHIONS. ..ottt s b8R8 1 o8 ebeebeeeneeen

2.2.6 Non-Essential Loads (NEL)..................
2.2.6.1 Non-essential load trip (NEL) function
2.3 CONIIOL AN MOUES.............oooi ettt s st s s a b ssbs e s e s e ssss e bsesssessssens e ssns e
2.3.1 ADOUL The CONTIOIET MIOTE.........oiiee ettt sttt 33
2.3.2 Power Management SYStEM (PMS) CONIIOL.........cooovvvvurveveeereeeessesesesssesssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 33
2.3.3 SWItCNDOAIA CONEIOL.... .ottt ettt sttt bbb
2.3.4 AULOMALIC (AUTO) MOUE.........o oo s e e e s e s s s s s ees s s ee s eeessneeesenees s
2.3.5 MANUAI MOAE.......o ittt s 4t s bbbttt s et tes
2.3.6 COMMANG SOUICES........ooiuieieiieiieeieiee ettt s a1 s s s 4 s ottt bt eesses
2.3.7 CONrOIEE UNPOWEIEU........ooiiieiieiieiia ettt st st e84 88888k s et
2.4 CONIOIET FUNCRIONS ...t st

2.4.1 Control and command structure

2.4.2 Controller input @and OULPUL TUNCTIONS. ...ttt 44
2.4.3 INPUL SOUMCE PIECEUENCE. ......eeeierieiereeie ittt s st st £8 56818488t 44
2.8, 8 ATIVE TUNCHION ...ttt s8££ 881480ttt
2.5 NOMINAI SEEHINGS...........oooii ettt s s bbb sS85 488888t
2.5.1 ADOUL the NOMINAI SETHINGS........ouiieieeeieie ettt
2.5.2 Nominal power calculations
2.5.3 POWET TrANSTOIMIET ...ttt st 8188188t
2.6 AlarmMS AN PrOTECTIONS..............coovieiiie ettt ettt s s 888888t
2.6.1 HOW Qlarm PrOCESSING WOTKS....... ittt s b st s s 8Ebseeebbnebeeeaesentenee 48
2.6.2 AlGIMN PATAMETEIS. ...ttt ettt s st 50
2.6.3 OPEIATE LM ..ottt s e85 1 8888t 55
2.8.4 ALGIIMN IEVEIS..... ettt 8RRt 55
2.6.5 AlGIM PrOCESSING STALES. ...ttt et s 888888ttt 56
2.6.8 AlGITN @CTIONS. ...ttt s s 8888548888kt 58
2.6.7 COMMON @AM @CTIONS. ...ttt st s et s8R s 88t 59
2.6.8 ACKNOWIEAGE @N GIAIMN......oeiiieiieeese ettt a8ttt 61
2.6.9 Alarm latch and reset...
2.6.10 SNEIVE @N @IAIMNL. ..ttt s e s s R bttt s bbb s
2,617 OUL OF SEIVICE QN @IAIMN.......ooiiiiee sttt bbbt nes 64

Designer's handbook 4189341396C EN Page 2 of 489



2802 ALGEM EEST....eeeee ettt A ettt At At A At At A s A e A e A e e et e e e e et ar e s areenantesan s s e esanan 65

2.6.13 Alarm Status digItal OULPULS. ..ottt st 66
2.6.14 CUSTOMISING @IAIMNIS... .ottt sttt s s s 888 s e84kt 66
2.6.15 CUSTOMISEA INNIDIES ...ttt sttt 67
2.6.16 AAItIONA] FUNCLIONS ...ttt 8888 67
2.7 ENngine interface COMMUINICAION.................ccoooiiiii sttt 68
2.7 HOW TE WOTKS ...ttt ettt st sa sttt 8 4858258580545 A 8588t 68
2.7.2 ECU power CONFIGUIAtioN FUNCIION........o.oii ettt sttt 68
2.7.3 ECU r@SEEL INPUL FUNCIION . .....o.eeee st 68
2.7.4 OTher EIC INFOMMI@TION......cuuiieitriiseiie ettt e85kttt 69
2.8 CUSTOM PAFAMIETEIS...........ooe et s s s et s s s bbbt s s s bbb st es 69
2.9 CUSTOMLOGIC..........ioii sttt s 88881888888+ 8 88488ttt 69
2.9 USE CUSTOMLOGIC ...ttt s st s 888481888488 69
2.9.2 ENGDIE CUSTOMLOGIC ...ttt sttt 844818kt 69
2.9.3 Digital inputs and OULPULS (OPTIONGI) ...ttt s sttt 70
2.9.4 ACHIVATE CONTIOIET OUEPULS ..ot sase s s s s s ssseasssssanssss 70
2.9.5 CUSTOMLOGIC @NA MOADUS.......ooiiiiiee ettt sttt 70
2.9.6 Constraints
210 DA @NA M.ttt 4SS ARt
2101 ADOUL date @Nd tIME SEIINGS. ...ttt bbb 71
2.10.2 SEtthe TIME MANUAIIY .........ooeoeee e sass s saessesssseass s sannsas 72
2TTEVENT QNA SYSTEM IOGS. ...ttt s 81888 s s st snnteesas 72
22 TESE FUNCIONS............o sttt s bbb 8858888 S 8kt 72
20270 EMUIBTION. ...ttt sttt s s 5848180585848ttt 72
202, 2 LAMP TEST. oottt e e e bR A A ettt bbbt tnaa 72
213 CODESYS (OPHIONQAI)...........oooeiiiee ettt sttt 73

3. Cybersecurity

B ADBOUL CYDEISECUIITY ...ttt as s etk 8888885t 74
BL2 PEIMUSSIONS...........o.ooooeee et s 441t 74
3.2 ADOUL PEIMUISSIONS......ooiirieeiecieciaiseee ettt as s es et s e s8££ o080kt 74
3.2.2 Role settings
B.2.3 USEI SEIHINGS ..ottt et 8881085818t 76
Bi2. DETAUIT USEN ...ttt a4ttt bbb 76
3.3 NETWOIK COMMUNICATION. ...ttt sttt 884888ttt 76
3.3 NEWOIK CONTIGUIATION. ...ttt ettt 76
3.3, 2 UNTMUSTEA NEIWOTKS......cooei ettt st st sttt 77
BuA CODESYS... ... ettt s s s 8ssS8 8888888 R 8RR R RS RRsse 77
BB ACTIVIEY JOGS. ...ttt sttt sS85 458588858588t 77
3.5.T ADOUL @CTHIVITY OGS ... ettt s8££ 888ttt 77

3.5.2 Event log
35,3 SYSTEM OG-ttt e R £ e ERER R 77

4. AC configuration

A AC SEUUP.......ooee ettt a e s 44 s e s 4428 s 82484 A 4RSS AR A RS A ekttt
4.1 [A-side] and [B-side] for each controller type
4.1.2 [A-SIAE] AC CONTIGUIALION. .......oooreieeeeeeeeeseeseeseeesseesssse s sssss s ssss s s 81
4.1.3 [B-SIA€] AC CONTIGUIALION..........oooriioeerreeeeeeceeeee oo sssssss s 83
4.1.4 Voltage and freQUENCY @S igital QULPULS.........coouiiririe ettt sttt bbbttt 84
4.5 4th cUrrent iNPUL CONTIGUIATION. ......couiii sttt sttt 85
4.2 AC MEASUIEMENT FIIEEI'S. ...ttt 85

Designer's handbook 4189341396C EN Page 3 of 489



4.2.1 ADOUL AC MEASUIEMENT TIEEIS......oeeeeeeeeee ettt s st s s s s as e sae s s st sas s ss st enassassassassansansas 85

4.2.2 AC MEASUIEMENT TIEIS ..ottt eS8t 85
4.3 SYMMETIICAl COMPONENTES...........ooooioeee et s e 86
4.4 AC measurements @s @aNalOGUE OUTPULS..............co.cooiree ettt s ettt enees 86

4.4.1 About AC measurements as aNAlOGUE OUTPULS .......o.oiiiiriceecireie sttt et ess e sse e saens s 86

4.4.2 [A-SIAE] AC MEASUIEIMENTS...........oooooceveeoeeeeeeeseee st essss e ssss e ssss st ssss s sses s s s st sssss e ss st essesenessssssessesssnsaensesnns 86

4.4.3 [B-SIAE] AC MEASUIEIMENLS..........ovvoooceveeeseeeeseeeeees s ssss s s s ssnseenees 90

A 4.4 ATN CUITENT INPUL...oeoceeeeeeee ettt as e s s st sae s s s s s ss s s s sa s s s s sasrean 91
A.5 A-SIA@ AC PIrOTECLIONS ...t s s s s s s s saensns 92

4,51 ADOUL AC PIOTECTIONS........oooeeeeeee et s s s s s s 92

4.5.2 [A-Side] OVEr-VOIAGE (ANSI 59)..........cccoooererreeeeeeiiessee e seesssssess s sssssssssss s sssssssss s ssssssss s sssssss s sssssss s ssssssss e 92

4.5.3 [A-SIAE] UNAEI-VOIAGE (ANSI 27)...commiievoveeeereeseeeseeeeesssssssse e sssssssssss s ssssssssss s sssssssss s ssssssss s sssssss s ssssssssssssessssssssnns 93

4.5.4 [A-side] vOltage UNDAIANCE (ANSI A7)........ccrreieeiieeeeeeeeessssssssssess s ssssssssssssssssssssssssss s sssssssssss s ssssssssssss s sssssssssssssssssssssnns 93

4.5.5 Positive sequence UNder-voltage (ANSI 27D)........ccoovirieereeeiesseesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssns 94

4.5.6 Negative sequeNnCe OVEr-VORAGE (ANSI 47).....ccooieeeeeeeeieeseesssssssssssssssssssss s sssssss s ssssss s sssss s ssssss s sssssssssssssnssssssssnns 94

4.5.7 Zero sequence OVEr-VOIAGE (ANSI SOUQ) ... sosssssssssss s sssssesessss s ssssss s sssss s sssasanssssss 95

4.5.8 OVEI-CUITENT (ANSI SOTD) .....ooooeeceeeeeeeeeeeeee e s e s s ss s

4.5.9 Fast over-current (ANSI 50/50TD)

4.5.10 CUITeNt UNDAIANCE (ANSI 4B)........coooiceoveieeeeeeveeeeee oo s s s s

4.5.11 Directional OVEr-CUITENT (ANSI B7).........ooereeeeeceeeeereeeeeeeseee s sssse s sss s s s ssssnsssssnsssssnsssssensons 97

4.512 Inverse time OVEr-CUIMTENT ([ANSI 571) ... s s sss s s sssss 98

4.5.13 Negative seqUENCE OVEI-CUIMENT (ANSI 4B)....ccoooovvvcieieieeeeeeeeeeeessssesssssessssssssessssssss s ssssss s sssss s ssssssss s ssssssssssssssssssssssssns 101

4.514 Zero sequence OVEr-CUIMTENT (ANSI 5T10) ... ssss s s sssses s

4,515 [A-side] over-freqUENCY (ANSI 8T0)........ccoorriieeiieeeeeeesssssssssssessssssssssssssss s ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens

4,516 [A-side] UNder-freqUENCY (ANSI 8TU) ... rrrvvvvveeoeeeeeeeeeeessssessseeesssssssssssssesssssssssssssss s ssssssssss s ssssssssss s ssssssssss s ssssssssssns

4.517 Overload (POWET XPOIE) (ANSI 32) ... ssesssssssssssssseessssess e sssssssssessssessaessaseseneens

4.5.18 Reverse power (power import) (ANSI 32R)

4.5.19 Overload reverse POWET (ANSI S2R).......ccoocveceeeeceoee oo sss s sssses s ssssssssssses s essssssssas s sssss s ssssassssssessssssanessssanes

4.5.20 Reactive poWer €XPOrt (ANSI A0O) ... ss e essss s ssss s ssss s s ssse s essses s s

4.5.21 Reactive pOWEr iMPOIt (ANSI AOU)........ccooooovooeeeeeieeeeeeeeceeee v esosssessesssessss s s s ssssssese s e s s

4.5.22 Active synchroniser (ANSI| 25A)

4.6 B-Side AC PrOtECHIONS. ...t s e e s s e sass e s s s ass s
4.6.1 [B-Side] OVEr-VOIAGE (ANSI 59).....cioirrvooveeeeiieeeee e sssssssssees s sssssssssss s sssssssss s ssssssssss s ssssssss s ssssssss s sssssssssss s sssssnns
4.6.2 [B-Side] UNAEr-VOIAGE (ANSI 27).........oovveeeieeeeeeeeeeveoessseesseeessssssssss s ssssssssssss s sssssssssssss s sssssssssss s ssssssssssssssssssssssssssssssssssssssssnns
4.6.3 [B-side] vOItage UND@IANCE (ANSI A7) ... ivvovveeeoieeeeseeeesooeessesesssessssssssssssssssssssssssssssss s ssssssssssssss s sssssssssssssssssssssssssssssssssssssssssss
4.6.4 [B-side] positive sequence UNder-voltage (ANSI 27D) ... wveeecoeeeeeeeeceeeeeeevoceseesseveseseesessessssessssssseseessssssssesssssssesesssnssne 107
4.6.5 [B-side] negative sequence OVEr-VOIRAGE (ANSI A7) .............reeeieeeiiesenseeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 107
4.6.6 [B-side] zero sequence over-voltage (ANSI SOUQ)...........crrvvvvvesneeeessssssssssssssessssssssssssssssssessssssssssssssessssssssssssssssssessssssssssons 108
4.6.7 [B-side] over-freqUeNnCy (ANSI 810)..........ccoorrvveiviieseeeresssssssssssssssssssssssssssssssssssssssssssssss s ssssssssssss s ssssssssssesssssssssssssssssssssssssssssnss
4.6.8 [B-side] under-frequency (ANSI 81U)

4.7 OUNEE AC PrOtECHIONS..............ciii sttt e s S Sssbsbsssessesesbsbesssesses
4.7 PRASE SEUUENCE EITON....ouieieeieeiteiae ettt sse it ssss e sss st sse s s ss st o2 sse 822 S e 25440558k s eS8 bbb skt s st en st enes
4.7.2 Earth inverse time oVer-CUITeNt (ANSI 51G).......... oo ssss s ssssess s ssassesesas e sssssees 110
4.7.3 Neutral inverse time oVer-Current (ANSI 5TN ... ssseessssses s s esassneseon m
4.7.4 LOCKOUL TEIAY (ANSI 8B)......cooirreeeeeoeessesesssssssssssssssses s sssssssssssss s sssssssssss s sssssssssssss s ssssssss s ssssssssss s ssssssssssssssssssssssssssssssssssssssns 12

5. Alarms and protections

BANON-ESSENHAIIOAUS............coio ettt et 14
ST INEL H OVEI=CUITENT ..ottt es s s8££ e85 084 e £ttt een 14
502 NEL H UNAEITIEUUENCY ...t st sasnean 14

Designer's handbook 4189341396C EN Page 4 of 489



5B INEL H OVEIIOGA.......ooeceeeee ettt sttt e a et a e e sttt s et s et s et s s s s st s st et st e s ss s e s e st esas st essesansessnsesansessssessssasansssassesansasas 115

50,4 NEL # rEACTIVE OVEIIOAM. ...ttt 888t 15

5.2 GENEral SYSTEM @IAIIMNIS.............oii et s bbbt sttt es 16
5,20 SYSTEIM NOT QK. b 44400 s e s bbb bbbttt s bbbt s 116
5.2.2 CliItICAI PrOCESS EITON ..ot et s s ssesaes 16
5.2.3 Configuration UPAAte AEIAYEM. ...ttt sttt sttt 16
5.2.4 System power ManagemMeENT NEIWOIK ©FTON ...t ss s ss st ss et ss e sanes 116
5.2.5 Power management FUIES NETWOIK ©FTOF ... ese s sse ettt ss st s et ssens e saesseen 17
5.2.6 AC Prote@CHIONS NOT FTUNNING ..ottt st s s st b a8 8 88 s et m7
5.2.7 FieldDUS CONNECTION MUSSING ...ttt ss sttt st S8kt m7
5.2.8 FIEIADUS CONTIICT.......omiei ettt sttt m7
LSS I = o) 1 A=Y o o] NN 17
5.2.10 CONroller ID NOT CONTFIQUIEM. ...ttt sttt st 118
5.211 Trip AVR OULPUL NOt CONTIGUIE.......ioiiieee ettt sttt bbbt 18
5.2.12 NTP SEIVEI NOT CONNECTEA. ...ttt ss s s s s sttt 118
5,213 NTP SEIVEI NO FESPONSE. ...ttt b s s s s s st s s s s s b bbbt bt s b e bs bbb st sen e nans 118
5.2.14 Live power det@Cted (EMUIATION) ... s ass s neeen 118
5.2.15 Emulation disabled (live power)

5.3 CUSTOM INPULE QIAIMIS ...t s e ss s s s sass s sannen
5.3.1 DIgital INPUL (DI) @IAIMNIS....ooovrrieeveeeeeessseeeseesssssssssseee e ssssssssss s sssssssss s sssssss s ssss s st
5.3.2 ANQIOGUE INPUL (AL) @IBIMIS......ciiiooveeeeeeseereeeevessssesee s sssssssse s sssssssss s sssssssss s sssssss s s

5.4 General hardWare MOUUIE @IAIMIS...............co.oiii ettt sttt een
5.4.1 Software mismatch 0N NaArdWare MOGAUIE(S) ...t e e eee e eeeeeee e see e ses e see e s e s eseseeeseseeseseeseessesaesesassaseeeas 120
5.4.2 Required hardware Card(S) NOT TOUNG..........co.ooivicee e s ssss s senaes
5.4.3 Card iSSUE AEIECTEM. ...ttt s s8R A S84ttt

BB CONTIOIIE ...ttt s s8R 818850 s 5S8R ARt e ettt
5.5.1 PCM2.1 supply voltage low alarm.... .
5.5.2 PCM2.1 SUPPIY VOIRAGE NIGN @IAIMNL ...ttt bbbttt st
5.5.3 Controller teMPErature 100 NIGN..... ...ttt s bbbt
5.5.4 ClOCK DAttEry FAIlUME @IarM........ooveiieieeieeie sttt sttt bbbt
5.5.5 Network and communication alarms....

5.5.5.1 Data [0SS FrOM @ CONTIOIIET ...ttt sttt
5.5.5.2 Data 10SS ON DEIF NEIWOIK ...ttt sttt
5.5.5.3 Unknown traffic on DEIF network

5.5.5.4 High traffiC 10 DEIF NEIWOTK........oiiuiieeieririireie sttt ss sttt

5.6 Measurement Input OQUtPUt MOAUIE IMIO2.T...............co.cooom ettt bbb eee 122
5.6.1 REIAY H WIl€ DIEaK @lAIMIS.......c ettt a8 s bbbttt een

5.7 CODESYS QIAIMS.........oooiie ettt e84 e85 8 42045144 A sttt
5.71 CODESYS apPPlCation NOT OK........ooiiieeerse sttt s s bbbt bbb bbb s bt s e seens
5.7.2 CODESYS configuration conflict....

BB EVENTIOGGING..........oooiiiirii sttt s s sS4 s eSSkttt
5.8 APP 10GGING TAIHUIE. ...ttt sttt
5.8.2 EVENE IOGGING TAIUIE ..ottt ettt

5.9 AdVanCed BIACKOUL PrEVENTION. ..ottt bbbttt sttt
5.9.1 Advanced blackout Prevention TUNCHION. ...ttt sttt 124
5.9.2 Calculating the 10@d SNAIING ©FTOF ...ttt s e st ses s nsies 127
5.9.3 P load sharing failure (IOW FrEQUENCY) ...ttt ettt bbb 128
5.9.4 P load sharing failure (Nigh frEQUENCY) ...ttt sttt sses 128
5.9.5 Q load sharing failure (IOW VOIAGE) ...t sttt sttt sttt sttt 129
5.9.6 Q load sharing failure (NG VOIAGE) ...ttt ettt 130

Designer's handbook 4189341396C EN Page 5 of 489



5.9.7 OVEIIOAU ON DG......ooeee ettt et et a et s et a et s st e st s et s et et e s s st et et et s s e s s s et s s esansesansesansasassesansasasaesanen 130

5.9.8 REVEISE POWET ON DGttt st s bt bbb bbbt s s 131
5.9.9 ReaCtiVE POWET XPOIT ON DG........ooooe st sass s s sansas 131
5.9.10 Reactive POWET IMPOIT ON DG.........oooeecee e 131
5.907T OVEI=CUITENT ON DG......oeiee ettt 240t 132

6. Breakers, synchronisation and de-loading

BT ADOUL ...ttt s s S kRs R8RSR SRS E SRR R RS R R Reeeeebetebee 133
BT HOW IT WOTKS. ...ttt st sttt 133
6.1.2 Regulation required fOr SYNCRIONISATION. .........cccviieiiecire ettt st sttt 133
6.1.3 Regulation required fOr A@=10@0ING.......c.covrririeiie ettt et

6.2 Synchronisation in each controller mode
6.2.1 SYNChronisation iN AUTO MOGE.......ooiiieeire ittt st s b s st
6.2.2 Synchronisation iN MANUAL MOGE..........oeieiie it st ss sttt
6.2.3 Synchronisation in SWItChDOAId CONTIOL............oouiiiiiiiiee sttt 134

6.3 CONFIGUIING BIEAKETS.............coioie ettt sS4 136
6.3.1 BrE@KEr COMMANUS.......couiiiieiiecetieeicie ettt et s st 136
6.3.2 Pulse breaker
B.3.3 COMPACT DIEAKE ...t s eS8 8 e s s s s bbb s s bbb eee 138
B.3.4 CONTINUOUS DIEAKET ..ottt as e o888 8 et 141
6.3.5 ReduNdant DreaKer FEEADACK. ...ttt 143
B.3.68 EXEOINAI DIOAKEN ...ttt s s S b R A s e s e e e bs e sessssaenses et 144
6.3.7 Short circuit, and Short CIrCUIt ClOSE @ttEMPLS........c.iviieeee ettt sttt 144
6.3.8 BreakKer STAtE OUTPULS........c ettt ot

6.3.9 Breaker under-voltage COil CONTIGUIATION ...ttt
6.4 SYNCRIONISAtION FUNCIONS ...t
6.4.1 DYNAMIC SYNCRIONISATION.........oiiiiieiieireiieieeie ettt s ss st
6.4.2 STAtiC SYNCRTONISATION........ooieii sttt sttt bbbt eres
6.4.3 Regulator parameters for synchronisation ....
6.5 SyNchronisation and BreaKer @larMIS....................cooooiviviieieeece et
6.5.1 Breaker SYNChIroniSAtION FAIUNE.............cooiviceee ettt
B.5.2 D@-1080 TAIIUFE.......ooiie ettt ettt 8 5888ttt
B.5.3 VECTOT MISMALCK......ciiiii ettt b st s 8881488ttt
6.5.4 BreaKer OPENING TAIUIE. ..ot bbb
6.5.5 Breaker closing failure
6.5.6 Breaker POSITION TAIIUIE. ...ttt
B.5.7 BrE@Ker TP (EXEEINAI) ...ttt s s st sse s s s senssses
B.5.8 BrEaKer SNOIT CIFCUIL ..ottt ettt
6.5.9 Breaker CONTIGUIATION TAIIUIE.......... ettt bbbttt
6.5.10 Any tie breaker POSITION FAIUIE............cooivecee e snen
6.5.11 Any bus tie breaker POSITION TAIIUIE..............coo e

7. Regulation

A ADBOUL FEGUIATION............oooo sttt s ettt 159
T0T HOW T WOTKS. oottt e840 08t 159
7.1.2 ANAIOGUE FEGUIATION. ...ttt st et 159
70,3 REIAY FEGQUIBTION. ...ttt b8 48 bbb 162
7.1.4 REQUIGTION MOUE OVEIVIEW.......iirieriieeireiie ettt et s8Rttt 164
71,5 FIEEZE FEGQUIATION. ..ottt b8t 165

7.2 GOVEINOK FEGUIAtION MOMES............oooiiiee ettt ettt s s bS8t 166

7.2.1 How it works

Designer's handbook 4189341396C EN Page 6 of 489



7.2.2 FTEQUENCY FEGUIATION ..ottt ettt s s8Rt 166

7.2.3 POWET FEGQUIATION.......ooiieieie ettt s st 8 8 5 £ 88 88888t neen 167
7.2.4 POWET 10@A SNAIING ...ttt ss st st s s 8858588888ttt 167
7.2.5 FreqUENCY SYNCRTONISATION...........ovioeeeeeece st s s ns s sssseessseen 169
7.2.6 Phase synchronisation

7.3 AVR regUIAtION MOGES............ooieii ettt 8 458kttt
7.3 HOW T8 WOIKS ..o ot cteeesese sttt s8££ 8888880880
7.3.2 VOIAGE FEGUIBTION. ...ttt sttt sS85kt
7.3.3 REACHIVE POWET FEGUIBTION. ...tttk 170
S TR V] 1 €= T [ o | o o] o T oo OO OO PO O TSSO SRRSO 171
7.3.5 REACHIVE POWET 10@A SNAIING ...ttt sttt s s s st bbbttt 171

7.4 EXYErNal COMMUNICATION...........ooooieice ettt s8R 173
T A HOW T WOTKS. oottt s8££ 8888682808880t 173
7.4.2 External communication USing an @NalOGUE INPUL ... sssessess st sessses st st ss s essssssss st sssssssssssssssssesssnees 173
7.4.3 External communiCation USING MOGDUS ..ottt sttt s ss sttt

7.5 GOVEINOK ...ttt e e e et
7.5.1 GOVEIrNOT rEQUIALION FUNCHION. ...ttt

7.5.2 Governor analogue regulation function...
7.5.3 Governor relay reguUIAtioN TUNCHION. ...ttt ss et st s st
7.6 AULOMATIC VOIRAGE FEQUIATOT ...ttt
7.8.T AVR TRGUIATON ...ttt e s s b 88 a £ 08248 E bbbt
7.6.2 AVR analogue reguIation FUNCTION. ...ttt sttt
7.6.3 AVR relay regulation PAr@mELEIS......c.o ittt ssss sttt a st sttt
7.7 CoNFIQUIAtION @IAIMIS.............ooi ettt stk s kst
7.7.1 GOV relay SETUP INCOMPIETE.. ...ttt ss st s bbb st
7.7.2 AVR relay SETUP INCOMPIETE. ...ttt bbbt
7.7.3 GOV output selection failure .
7.7.4 AVR OULPUL SEIECTION TAIUIE..........oeceeeee et sas s sanreae
7.8 REGUIALION @IAIMIS............i bbb s b5 eSsss e bs b essssess e
7.8.1 GOV regulation error
7.8.2 AVR regulation error

8. Power management

8. 1Power managemeNnt PHINCIPIES. ...t s s esans 189
8.1.1 How it works
8.1.2 POWEr MaNAGEMENT FUNCIIONS ...t 191
8.1.3 Creating the power management @PPIICAION. ...ttt sttt sttt 193
814 BUSIAI SECHIONS.......cooiieeeeci ettt sttt s 4888588858888ttt 193
8.1.5 RING DUSDAI CONNECTION........coeieieie ettt s st 194
8.1.6 LOCAI PATAMETEIS.......oeoieiei sttt s bbbt 195
8.1.7 MOdE ChanNGES @NG0 SECHIONS. ...ttt sttt 195
8.1.8 SECLION POWET MANGGEIMENT........oiiiieriieiie ettt st st s et 8 b8R8t ss st ss s 195
8.1.9 SYSTEM POWET MANAGEIMENT. ...ttt ess e s s s es s s b et s a8 E e e e s s b ee ket saee e srenees 198

8.1.10 Parallel operation

8.1.11 Manage missing controllers

8.2 Connected, consumed and available POWET ... snen 199
8.2.1 POWET CAICUIRLIONS.......oeoieeiieci ittt sttt 199
8.2.2 POWET FESEIVATION. ...ttt ettt ss st e85 8 s8Rt 202
8.2.3 POWET @NAIOGUE OUTPULS. ..ot ese ettt ss a8 2 et et 203

8.3 GONSEE PIOTITY ...t nen 204

Designer's handbook 4189341396C EN Page 7 of 489



8.3.1 Genset start and STOP PriOTITY OFUET ... 204
8.3.2 Priority SEIECHION METNOM...........o oo
8.3.3 MANUAI PIIOTIEY ... st s s
8.3.4 DYNAIMIC PIIOTITY .....oeeeeeeeeee et s st s s s s
8.3.5 Running hours for priority
8.3.6 PriOrity QiGItal OULPULS. ...ttt sttt
8.3.7 LAST PIIOTITY ..ooeeeeeee s e
8.4 GENSEE STAIT AN STOP...........ooie et s s bbbt st bbbt
BLAT HOW IT WOTKS ...ttt sttt a8 4888 s 8858841585854kt
8.4.2 Load-dependent Start CONTIGUIAtION.........cccc.oviriiece ettt sttt sttt AN
8.4.3 Load-dependent StArt fFIOWCKAIT..............co.oee et 214
8.4.4 Load-dependent StOP CONTIGUIATION ...ttt sttt 214
8.4.5 Load-dependent STOP FIOWCKAIT..............cooieeeee e seeses 217
8.4.6 Power method for load-dependent Start @Nd STOP ..ot seen 218

8.4.7 POWEr MENOA @NA NYSTEIESIS.........ooeeeceeeecee e s s s s saseen 219
8.4.8 Percent method for load-dependent Start @NA STOP........ccovoiccee e nseon 219
8.4.9 Percent METNOA @Nd NYSIEIESIS. ...t sass s s s sanen 221
8.4.10 Non-connected genset

8.4.1T PreCautioN@ry GENSET STAMT........co.oiieieee ettt sttt s et bbbk s bbbt 222
8.4.12 NUMDEr Of GENSELS CONNECIEU.......ceee ettt 223

BB BIACKOUL............oiiii et b e 224
8.5.1 Blackout and blackout reCOVEINY CONAITIONS.............oorveeececeeeceeee et naenans 224
8.5.2 BIaCKOUL r@COVEIY CONTIGUIATION........oiiriirieeiie ittt
8.5.3 BlaCKOUL rECOVEIY FIOWCKAIT...........oooeee s s s s sessasrsanen

8.6 LOAU SNATING...........oorii ettt s S48 A 8RS A SRRttt
88T HOW T WOTKS.....oneeicicirciitiie ettt tese et s bbb bttt
8.6.2 Load sharing over the DEIF network....
8.6.3 EQUAI 100 SNATING ...ttt sttt 4888k s bbb

8.6.4 ASYMMELIIC P 10AA SNAITNG. ...ttt s s b b s aes b ebessese b sensesessnbnen
8.6.5 Asymmetric P 10ad Sharing = EXAMPIE Tttt ettt
8.6.6 Asymmetric P load sharing - Example 2
8.6.7 Asymmetric P load sharing - Example 3
8.6.8 ASymMMELriC Q 10U SNATING. ...ttt ettt
8.6.9 SHAFT geNErator DASE I0@M. ...ttt s bbbt een
8.6.10 SHORE CONNECTION DASE I080......... ittt et
8.6.11 DEIF Network 10ad SNaring FAIIUIE.............coviiiiieee sttt sttt bbbt
8.7 LOAA FEAUCTION.............oooii ettt s8££ 8880888t
8.7.1 LOAA rEAUCTION TUNCHION. ...t
8.8 Heavy CONSUMET MANAGEIMENT. ..ottt sse et e s s e s s e s s s st b e seen s
8.8.1 HOW it WOTKS......ccovveiererirerirecircnene
8.8.2 CONTIQUIE NBAVY CONSUMES..........oiieriiriiaiieeiis sttt bbbttt

8.8.3 HEAVY CONSUMET SEOUENCE.......coeeieie ettt ettt ss s et e e s 8 8882 S bbbttt
8.8.4 Heavy consumer floWCharts and EXAMPIE........c..coiiiiiesinreissis ettt s s ss st s s saens 262
8.8.5 FAST 10U -TEUUCTION.......oiiictiie ettt 265
8.8.8 PrOTECTIONS. ...ttt e e e bbb 265
8.9 EXternally CONTrOI@A BIr@AKErS...............oooooii ettt s bbbt 266
8.9.1 Externally CONTrolled DUS 1@ DIEAKET ...ttt ettt et 266
8.9.2 Externally controlled SNOIE CONNECTION...........oooiiereee ettt sttt 267
8.10 POWEr MANAGEMENT @IAIMIS.............ooii ettt s st s bbbt s bbbt 268
8.10.1 Breaker # feedback POSItION TAIUIE...........ccoooiiiee sttt bbbttt 268

Designer's handbook 4189341396C EN Page 8 of 489



8.10.2 BlackoUt AetECTION MISIMATICN. ...ttt a s s s s ssessesssnssassassnssasaaes 268

8.10.3 Heavy consumer resServation NOT POSSIDIE. ... 269
8.10.4 Heavy consumer fFEEADACK LIMEBOUL..............cou et 269
8.10.5 MISSING AlI CONTIOIIETS.......oc ettt e85kt
8.10.6 Missing controller ID #
8.10.7 DUPHCALE CONTTOHET ID ..ot s s
8.10.8 MiISSING ANY CONTTOIIET.......ooieiieie ittt s st s e85 s8Rt
8.10.9 MiISSING CONTIOIIETS. ...ttt st s 88888kttt
8.10.10 FOrced tO SWItCHDO@IT CONTIOL........iieierieieci ettt sttt sttt 271
8.10.11 FOrCEd 10 IMANUAI MOGTE.......ccoieiieieie ettt ettt 272
8.10.12 BTB # POSITION TAIUIE...........eoeeeeee s s s 272
8.10.13 DEIF NetwWork redUNAanCY DIOKEN..........c.ccoviiiiieiee ettt bbbttt s s nss 272
8.10.14 DEIF network has 0Ny ONE CONNECTION. ...t raen 272
8.10.15 DEIF NEIWOTK FOrK AEIECTEM. .....ou ettt sttt 272
8.10.16 Single-1iN€ MISSING/NONE @CHIVE.......iierree ettt ettt 273
8.10.17 Different single-liNe CONTIGUIATtIONS. ...ttt sttt sttt 273
8.10.18 CoNLroller NOT PAIt OF SYSIEM........oeceeee e sse s 273
8.10.19 Controller type mismatch
8.10.20 Different power management FUIES @CTIVATEM. ..ottt ettt 273
8.10.21 Network protoCOl iNCOMPATIDIE............oooieeeeee e sanean 273
8.10.22 PMS diSADIEA AUE 1O N ©ITON ...ttt sttt s sttt 274
9. GENSET controller
9.1 ADOUL The GENSET CONTIOIIEN ...ttt nbn 275
DT FUNCHIONS ...ttt sttt 275
9.2 GENSET CONErOIIEI PIINCIPIES.............ooooee et 276
9.2.1 GENSET cONtroller NOMINAI SEHINGS......vueiecieeiecie ettt sttt 276
9.2.2 RUN COIl OF STOP COllcuririiiriiriiiieeiie ettt ss et s 4 s 08888t
9.2.3 RUNNING AEEECTION ...ttt ettt s8££t
.24 REGUIGTION. ..ottt s e85 8 454881888t nee
O9.2.5 POWET MANAGEIMENT. ...ttt ese et ees et ss et se et se e 18881 E s8££ 88ttt
9.2.68 LOBA SNAIING....euiitieiieiieie ittt et s 885185881888
9.2.7 REAAY FOI OPBIATION. ...ttt ettt s 888t
9.2.8 AC CONTIGUIATION. ...t
9.2.9 Breaker configuration
O.BENGING STANT..........oo ettt b et b8R8 ARttt
.31 ENQING STAM FUNCHION ..ottt s8Rt
9.3.2 ENGING STAMT FIOWCRAI...... ..ottt 286
9.3.3 ENQGING STAIT SEQUENCE........eoeee ettt s8R 888288t 287
9.3.4 Interruption O the STArt SEQUENCE.............ooe e saren 290
D4 ENQGING STOP......ooioe ettt ettt sS85 E SRR RS eAeEesbesbseeeeeen
9.4 ENQGINE STOP FUNCTHION ...ttt st 8 s 8E8 88t
9.4.2 ENQGING STOP TIOWCN@IT ...ttt sttt

9.4.3 Engine stop sequence
9.4.4 Engine shutdown flowchart

0.5 GENEIATON DIEAKEN .............oooeoi et 8 s8££ 8t een
0.5 HOW It WOTKS. ...ttt s8££ 44888188kt bes
9.5.2 Generator breaker ClOSE FIOWCIAI ...ttt bbbttt 296
9.5.3 Generator breaker blackout CIOSE FIOWCRAI ...ttt sttt 297
9.5.4 Generator breaker OPEN FIOWCNAIT ... 298

Designer's handbook 4189341396C EN Page 9 of 489



9.5.5 Generator breaker TP FIOWCRNAI ... 300

9.8 DiHGIEAI AVR..........oo ettt R8RSRt
9.6.1 DiIGITAl AVR OULPULS ...ttt ittt ss st 5584588185488kttt
9.6.2 DiIGItal AVR GIAIMIS.....o ittt sttt et s 88851888 e st

9.7 Other GENSET controller functions
9.7.1 ENGING COMMUINICATION. ..ottt s st e84 s e85t
O.7.2 PIiMING. ittt ettt 4 8848518188888t tesbessensrs
9.7.3 Temperature-dependent POWET EIATING.........coorirrieiieiie ettt ss bbbttt st bassssees 306
9.7.4 Percentage-dependent POWET AEIATING ..ottt sttt sttt neen 307
9.7.5 Engine operating values as @naloQUeE INPULS.........coo.iiieieie ittt ss st ss bbbttt st 307
9.7.6 Engine operating values as analogUeE OULPULS.........ccoiririneinrieeeiesie it ssss st ssss st ss sttt sss s sssssenssnes 307
9.7.7 ENGINe STates @S dIigital OULPULS........ovvieiecc ittt ettt 308
O.7.8 COUNTETS.....iiiiiie ettt et s bbbt ettt 309
O.7.9 TP AVR oottt s8££ 310

9.8 GENSET CONTIOIIEI @IArmS............oooiiiiiciiiree ittt et 31
9.8.1 GENSET CONTIOIEI PIrOTECTIONS......oooeeeee e s s s s s N

9.8.2 Alarm actions
9.8.3 Inhibits

.84 BrEaKEI @lAIMIS. ...ttt e 2R RS R ARt i et 313
.85 AC @IAIMNIS ...ttt a a2 R AR AR R R R ARt e et 313
O.8.6 EMEIGENCY STOP ... ittt s s s £ 405851288 s et 314
D.8.7 OVEISPEEM......ooeeeeee ettt st 4 s a2 s bbb e b4 e e s bbb A s e bbbttt e bbb 314
D.8.8 UNUEISPEEA........coeeet sttt s s bbb s e s s e bbbt e e bbb b st a e en 315
O.8.9 Ol PIrESSUIE.......ooeoeeee e e s e s sen s sans e 315
O.8.10 Ol LEMPEIATUIE........ooeeee ettt s s bbbttt s bbb bbbt s bbb 315
9.8.11 COOIANT TEMIPEIATUIE........cee sttt bbb a bbbttt bbb bbb s s s e saeres 315

9.8.12 Coolant level
9.8.13 Crank failure
9.8.14 Primary running fEEADACK TAIUIE..........ooe sttt
O.8.15 STAM TAIIUIE....o. oottt st s k444 s 88 A Rttt
9.8.16 Start enable removed during start
9.8.17 STOP TAIUIE ...ttt e e seen
9.8.18 ENQGING STAITEA (EXIEINAI)...... ittt bttt

9.8.19 ENQGINE SLOPPEA (EXTEINAI).....oeoiiieiiriiee ettt sttt st
9.8.20 RUNNING NOUIS NOTITICATION........cvoieiirii sttt sttt
9.8.271 Trip ruNNING NOUIS NOTITICATION. ...ttt sttt
9.8.22 VOItage OF FrEQUENCY NOL OKu......ooiiriiiieieeie sttt sttt
9.8.23 DG-SG MAX. PAFAIEI TIME......oooeie ettt bbbt a bbb bbbt s e s e saeran
9.8.24 DG-SC MaAX. PAFAIEI TIMB.....oeieeei ettt bbbttt a s e bbb s st st b e e s s
9.8.25 Other GENSET controller alarms

10. EMERGENCY genset controller

10.1 About the EMERGENCY gE@NSET CONTIOIIEN ..ottt 321
1011 EMERGENCY genset CONrOHEr FUNCHIONS........oo.icceci et stsseess sttt sess s sssessssesssesees 321
10.2 EMERGENCY genset CONroller PriNCIPIES...............cooooiiiee ettt sttt st eeen 323
10.2.1 EMERGENCY genset controller NOMINAI SEHHINGS. ..ottt ss st st ssss s 323
10.2.2 RUNNING AEIECTION. ...ttt st a8t 324
TO.2.3 REOGUIBTION. ...ttt s 888888848588t nee 325
TO.2.4 POWET MANAGEIMENT. ...t eeseie st ese s sse e ss st s s s ee 5281882821888 s A s et e bbb st eennn 325
TO.2.5 LOBA SNAIING....euiiriiiieiieii ittt sttt e84 888585882888kttt 325

Designer's handbook 4189341396C EN Page 10 of 489



T0.2.68 AC CONTIGUIATION. ...ttt s8R 888t 325

10.2.7 BreaKer CONTIGUIATION. ...ttt sttt 325
TOBENGING STAIT............oo ettt s 8518888t 325
T0.3.1 ENQGING STAMT FUNCHION. ...ttt sttt 325

10.4 Engine stop
10.4.1 Engine stop function

10.5 EMErgeNCY GENSEE BFEAKEI'S.............o ittt 326
TO5T INEEOTUCTION. ...ttt 848ttt 326
10.5.2 EMERGENCY genset controller breaker ParameEtersS...... ..ot sesessss e ssse st ssss s ssss e ssssseen 326
10.5.3 Generator breaker ClOSE FIOWCRAIT ...ttt sttt 327
10.5.4 Generator breaker OPEN FIOWCNAIT. ... 328
10.5.5 Generator breaker trip FIOWCKNAI. ...t naeon 329
10.5.6 Tie Dreaker ClOSE FIOWCKNAIT ...ttt bbbt 329
10.5.7 Tie breaker OPEN FIOWCRAIT ...t s s 330
10.5.8 Tie Breaker TP FIOWCRAIT...........co.. e saeen 332

10.6 Emergency genSEt tESt FUNCLIONS............c..ccoooiii ettt 332
10.6.1 EMErgenCy gENSET 1EST FUNCHION ..ottt sttt 332
10.6.2 Engine test....
TO.B.3 PATAIIEI TEST.......oeee ettt e 8848 s RS8R R Rttt
TO.6.4 LOAA TAKE=0VEI TEST ...ttt sttt 8 b1 a8 A et 335

10.7 Emergency genset CONFIQUIAtIONS. ...ttt 336
T0.7.1 ADOUL CONTIGUIATIONS. ...tttk 336
10.7.2 Emergency genset as Part OF the SYSTEM. ...ttt 337
10.7.3 Stand-aloNe EMEIGENCY GENSEL ...ttt se e st s s sttt een 337
T0.7.4 MAIN DUSDAI IS OK.....ocooiiiieiiieeie ittt 8 458858t sns 339

10.8 Other EMERGENCY genset CONtroller fUNCHIONS.............c..coooooiiie ettt 339
10.8.1 Blackout response (emergency busShar DIACKOUL) ...ttt nsses 339
TO.8.2 HarDOUF OPEIALION........oeie ettt s bbbttt bbb bbb st saebaees 342
TO.8.3 PArAIIEI TIMEIS.....coee ettt st 42554508828 s et s e s bbb sseen 345
10.8.4 Temperature-dependent POWET AEIATING.......cccoiirriirieiree ettt sttt ss e 345
10.8.5 PrimiNg....oooeeiereereeeeeseiese s
10.8.6 Temperature-dependent start/stop
10.8.7 ENGINe States @S digital OULPULS ..ottt s st s bbbt baen s
10.8.8 Engine operating values as analogUe OUTPULS........c.cooriieirieieeie ettt sttt sttt 346
TO.8.9 COUNTELS.....cieee ettt s btk s e844S50 e84 s £ eSS A bR bbbttt 346
10.8.10 EMERGENCY genset controller WithOoUTt re@QUIALION. ...ttt sttt 346
TOBUTT THIP AV R et e85 R840 8£80£E08 £ 346

10.9 EMERGENCY genset CONroller Prot@CHIONS...............ccoooiiiiriiects sttt bbbttt st sees 347
10.9.1 EMERGENCY genset CONTIOIEE @IAIMS. ...ttt sttt sttt st enss 347
10.9.2 Alarm actions
10.9.3 INNIDITS. ..o.oo ettt s8R
TO.0.4 BrEaKEI @IAIMNS.......ioeieeei ettt s st s e84 18 s eSS40 s bbbttt 349
TO.O.5 AC GIAIMS ...ttt s s 4448484 e £ R 424 A SRR RS ebeestebestsseseensnen 350
T0.9.6 NON=ESSENTIAI LOAUS........ooe ettt s s s s s bbbt esss 350
10.9.7 EDG NOt r€AAY FOI DIACKOUL........coocieiteii ettt st 350
10.9.8 Emergency-main busbar maximum Parallel tiMe.........coo ettt 351
10.9.9 Other EMERGENCY genset CONTIOIEI @larmS..........co.oiiiiieiieceiee sttt sttt ss sttt nsins 351

11. HYBRID controller
111 ADBOUL the HYBRID CONTIOIIEN ...ttt 352

Designer's handbook 4189341396C EN Page 11 of 489



TIAT HYBRID CONTOIEE TUNCIIONS ...t s st s s s s sassassassasssssasss s sessensssassassassansas 352

T1.2 HYBRID CONTIOIEN PIINCIPIES.............ooooeeee s 354
11.2.1 HYBRID CONEroller NOMINGT SETHNGS. ...ttt sttt saeen 354
11.2.2 SEArt iNVEITET OF STOP INVEITET ...t s s s saesan 355
11.2.3 Running detection
TT. 2.4 REGUIATION ..ottt st 8 8 88 s s54 54888148t
T1.2.5 POWET MANAGEIMENT ...ttt ss e ee s s et s e s e 8 Rs e 8eRsEEeEeeseeess bbb e et een 356
11.2.6 HYBRID TranSitioN MOGES. ...ttt st ssss sttt 356
T1.2.7 LOBA SNATING.....oo ittt sttt ss s st 8 488kttt 365
T1.2.8 REAAY TOI OPEIATION. ..o st s s sass e sass s ssesaes 366
11.2.9 AC CONTIGUIBTION. ...ttt s b8R8 8ttt 366
11.2.10 BreaKer CONTIGUIATION. ...ttt bttt 366

TLBINVEITEE STAIT ...ttt s e e e s 851888 a 8o s s e sae et 366
N1 30 INVEIEEE STAIT FUNCHION ...tttk 366
11.3.2 INVEILET STAIT FIOWCNAI. ...ttt bbbttt 367
T1.3.3 INVEIET STAIT SEOUENCE........oce bbb s s bbbt bbb bt sebeebenbas 368
11.3.4 Interruption Of the STArt SEOUENCE............ooceeeeeceee e s s asrsanen 369

11.4 Inverter stop
T1A0 INVEITEE STOP TUNCIION . ......oeeeee et s e s s s s sessassssesaneean 369
T1.4.2 INVEITEI STOP TIOWCIAIT.........oeoeeee e s s 370
T1.4.3 INVEITEE STOP SEUUEBNCE. ...ttt bbb s e bbb bbb s st s bbbt bt et b s bt see b e s s sas 371
1.4.4 Inverter trip and STOP FIOWCNAI. ...t sassseon 372

TL S INVEITEE DIEAKEN ...ttt e s s s s8££ s s st 373
T1.5.71 ADOUL TNE INVEITEE DIEAKET ...ttt s s sttt 373
11.5.2 Inverter breaker ClOSE FIOWCNAIT ...ttt sttt bbb 374
11.5.3 INverter Dreaker DIACKOUL CIOSE...........o ettt ettt 376
11.5.4 Inverter breaker open flowchart.... .376
11.5.5 Inverter breaker TP FIOWCNAIT ... sa s 378

11.6 Other HYBRID CONTrOIIEr fFUNCHIONS...............ooovi ettt sttt 379
11.6.1 Temperature-dependent POWET EIATING ...ttt s s s sttt 379
11.6.2 Percentage-dependent power derating
11.6.3 Inverter operating values as analogUe OUTPULS..........coiiiieceee ittt sttt ss s saens 380
11.6.4 Inverter States @S AigItal OUTPULS ... ..ottt s st 380
TT08.5 COUNTEIS ...ttt st s 84 s 8282145024518 E b A bbbt 381
TTB.8 THIP AVR ..ottt et s34 15444481884t 382

T11.7 HYBRID CONErOIEr PrOtECIIONS.............oooeoe et s s s 383
T1.70 HYBRID CONTIOIEE @IAIIMIS....c. ittt st s ettt senas 383
T1.7.2 ALSIIN @CTHIONS ...ttt s stk 2 88442858284 s S8R e bbb
P17 3 IS ettt stk
11.7.4 Breaker alarms
TU.7.5 AC @IAIMIS ..ottt e84 s 48828 s 82 s £ 448 R AR E b ARkttt s
T1.7.6 EMEIGENCY STOP....u ittt st ss st e e84 s 4824884185 e bbb s bbb 386
T17.7 STAIT FQIUIE.....oe sttt sS4 s S8t 386
T1.7.8 SEOP FAIUIE ..ottt sS4t 387
T1.7.9 INVEIEET STAITEA (EXTEINAI) ..o e e et e e eee et e e e s ese e e e eseeesseaeeseaseeeaeeseaeeseaseseaseseasessasessaseseaseseaseseaseseeseseasereas 387
11.7.10 INVErtEr SLOPPEA (EXTEINAI) ...ttt sttt sttt bbbt 387
11.7.11 Total runNiNg NOUIS NOTITICATION. ..ottt sttt 388
11712 Trip runNiNg hOUIS NOTIFICATION........couiveieriee sttt 388
11.7.13 VoItage OF FrEQUENCY NOT OK ...ttt 388
11.714 HYBRID=SG MaX. PAAIEI TIME.. ...ttt sttt sttt nes 388

Designer's handbook 4189341396C EN Page 12 of 489



11.715 HYBRID=SC MaX. PAFAIIEI TIME........ooooeoeee s sae s 389
12. SHAFT generator controller

12.1 About the SHAFT generator CONTIOIIEN ...ttt 390
1211 SHAFT generator CONTIOIET FUNCLIONS.........o ettt st 390
12.2 SHAFT generator CONtIOlEr PIINCIPIES...............ccooooiiiii ettt ettt sttt 391
12. 2.1 NOMINGIE SEILINGS. ..ottt 8 68t 391
12.2.2 POWET MANAGEIMENT......couiimiieeiteieeieeeeseeise st st ssee e sase st st s et bs s 8se8 8810858108t be st n bt een 392
12.2.3 RUNNING GELECTION. .. .ottt st 8880888ttt 392
12.2.4 AC CONTFIGUIATION.....o. oottt e85t 392
12.2.5 BreaKer CONTIGUIATION. ...ttt ettt 393
12.3 Shaft generator breaker
12.3.1 ADOUL the Shaft GENEIAtOr DIrE@KET ...t sttt 393
12.3.2 Shaft generator breaker ClOSE fIOWCNAIT ...ttt et 393
12.3.3 Shaft generator breaker Open FIOWCRNAIT ...ttt 395
12.3.4 Shaft generator breaker blackout ClOSE FIOWCNAIT............o.oii ettt 396
12.3.5 Shaft generator breaker trip fIOWCRAIT............o ettt
12.4 Other SHAFT generator controller functions
12.4.0 POWET 1AKE NOME (PTH)...oooumiovveerireeeeese s sessessssesssssse s sssss s sssss s ssssss s s
12.4.2 Shaft GENEIatOr DASE IOQU........ ittt
12.4.3 Shaft generator load transfer WithOUL PArallEl.......... .ottt 402
12.4.4 Shaft generator freQUENCY VAATION. ...ttt sttt 402
12.4.5 Temperature-dependent POWET AEIATING. ..ottt et sttt 403
12.4.6 Shaft gENErator fIXEA SPEEM. ...ttt 403
12.4.7 ENGINe STates @S digital OULPULS. ......coc ittt s bbbt 404
12.4.8 Engine operating values as aNalogUeE OULPULS.........co..oviirireieie ettt ettt ettt saeen 404
T2.4.9 COUNTEIS. ...ttt s s sS85 8 8488 s e s e se bbbt s st bbb s st snan
T2.8.700 THD AVR. ..ottt ss sttt s 8854185555858kt ntes
12.5 SHAFT generator controller protections..
12.5.1 SHAFT generator CONTIOIEN @lArMS..... ..ottt bbbttt s st
T2.5.2 ALGIIN @CHIONS. ...ttt sttt s 4888888888588t
12.5.3 INRIDIES ..ottt R
12.5.4 BrE@KEI GIAIMIS......cooiieciicieire ettt ekt
T2.5.5 AC @IAIMS.....omiietre ettt e e
12.5.6 SG-DG max. parallel time
12.5.7 SG-HYBRID MaX. PArallEI TIMI........ooeieieeeeieee st
12.5.8 SG=SG MaAX. PATAIEI TIMIE.......ooieieeeeee e
T2.5.9 OVEISPEE. ...ttt a4t A sS85t s bbbttt en
12.5.10 Other SHAFT generator CONTIOIET @IarMS. ...ttt saee 410

13. SHORE connection controller

13.1 About the SHORE CONNECHION CONIOIIET ................ooivoiieiee sttt
13.1.1 SHORE coNNECtioN CONTIOIET fUNCHIONS.........oveiieieiiiesee sttt

13.2 SHORE connection CONtIOIEr PIINCIPIES................cooiiiiiiiiesieee sttt sttt sses
13,271 NOMINGT SEIUINGS .ottt 86088ttt
13.2.2 POWET MANGGEIMENT..... ..ottt sse e st et s stk s 811 e bbbt
13.2.3 AC CONTIGUIATION......oooieerierere ettt s sS85 882t
13.2.4 Breaker CONTIGUIATION. .......iiieieeeete ettt ettt

13.3 SNOKE CONNECLION BIQAKEN ..............c.ooooeoe st sttt
13.3.1 ADOUL SHOre CONNECTION DIEAKET ...ttt sttt

13.3.2 Shore connection breaker close flowchart

Designer's handbook 4189341396C EN Page 13 of 489



13.3.3 Shore connection breaker OPEN FIOWCNAIT. ... 416

13.3.4 Shore connection breaker blackout ClOSE FIOWCNAI............coeeeeee e seen 418
13.3.5 Shore connection breaker trip FIOWCRNAI..............co.ooie et 1419
13.4 Other SHORE connection CONErolIer FUNCUIONS..................co.oovivie et enannans 420

13.4.1 Ship-to-ship
13.4.2 Shore connection base load

13.4.3 Minimum [0ad t0 ClOSE ShOIE CONMNECTION.........oiuiieerie ettt 423
13.4.4 Connect MUItIPIEe SNOrE CONNECTIONS...........ooeeec e 423
13.4.5 Sensitive Shore CONNECTION (OVEIIAP) ...t sasrsanen 425
13.4.6 Shore connection load transfer WithoUt PArallel................oo.eceee s 426
TBA.7 COUNTETS ...ttt es s s s8££ 8285885184822 A s s et s s st een 427

13.5 SHORE connection CONtIroller PrOt@CUIONS.................c.cooooieieeee e 428
13.5.1 SHORE CONNECLION CONTIOIIET @IATMNIS.......ooiieieriieiie ettt ettt sttt 428
13.5.2 AJGIIN @CHIONS.....o.ieieiiieie ettt s bbb s sS85 8 45885848 s et
TBL5.3 INIIDIES ..ottt
T3.5.4 BrEaKEE @IAIMIS. ... ettt s s s e s 88 28R s8R ARt
T3B.5.5 AC @IAIMNIS ...ttt s 822888588 e eSS A £ AR ARttt
13.5.6 SC-DG max. parallel time .
13.5.7 SC-HYBRID MaX. PATAlIE] TIME...........omoeeoeeeeeceee et s s s 431
13.5.8 SC-SG MaX. PATAIIEI LIMIE.......ooeoeeeeeee et s s s s s s ses s asssassaseen 431
13.5.9 SC-SC MaX. PATAHEI LIMIE.......oooeeeceeeeeee et sa s e s ss e sas s ssesasssanen 432

14. BUS TIE breaker controller

14.1 About the BUS TIE Breaker CONTIOIIEN ...ttt 433
1410 BUS TIE breaker CONTrOIEr FUNCHIONS. ..ottt 433

14.2 BUS TIE breaker CONtIOIEr PIINCIPIES.............coooivioieeeeeeee st 434
T2 SECHIONS ...ttt st 434
14.2.2 Configure @ BUS TIE Dreaker CONTIOIET ...ttt sttt st 434
14.2.3 BUS TIE breaker controller NOMINGI SETHNGS. ...ttt sttt 434
TA.2.4 AC CONTIGUIATION . ..ottt sttt s s s

14.2.5 Breaker configuration
14.3 BUS TIE breaker CONTIOIIEr SEQUENCES.................cocooiiiiieieieieiee ettt s bbb s s s nsenee
14,30 SPITEING TNE DUSDAN ..ottt s 8t
14.3.2 CONNECHING DUSDAI SECHIONS.........ooiiee ettt
14.3.3 Bus tie breaker blackout close flowchart
14.3.4 BUS tie DreaKer triP TIOWCNAIT ...ttt
14.4 Other BUS TIE breaker controller FUNCHIONS..............ccc.cooii ettt sttt
TA.A COUNTEIS. ..ottt s8££ e 8800284088218ttt sreeen
TA. 4.2 DIGItAl OULPULS ...ttt st 8 888108888ttt
14.5 BUS TIE breaker controller alarms and Prot@CIONS................c..coooiviiiiiiiccece s a1
14.51 BUS TIE breaker CONTrOIEr PrOtECTIONS..........o.ovviveieeieceeee e 441
TA.5.2 ALGIIN @CHIONS ...ttt st s s8R s 888880888888ttt
TA.5.3 INIIDITS ...ttt s8££ 8 4R e 8RRttt
14.5.4 Breaker alarms....
TA.5.5 AC @IAIMNS ... oot 8 28818218 A e R bbbt

15. Modbus

15.1 Modbus in the controller

TS HOW TE WOTKS ..ottt o860 0 880t
15122 WATNINGS ..ot ee et s e e840 6881206418t
15.2 Modbus implementation in the CONTIOIIET ...ttt 444

Designer's handbook 4189341396C EN Page 14 of 489



15.2.1 MOADUS TCP PIOTOCOL.....c ittt sttt bbbttt n s nans 444

15.2.2 MOdbUS COMMUNICATION POMT........ooeeeeeecee et 445

15.2.3 CONITOI T IAENTITIEN ...tttk E skt 445

15.2.4 DATA NANAIING. ...ttt s st s 88858 s S8Rt 445
15.3 Modbus tables

15.3.1 DOWNIOAA MOADUS TADIES........oe ettt seen 446

15.3.2 ADOUL The MOADUS TADIES.........oe ettt 446
15.4 Specific MOADUS FUNCLION GrOUPS............coooiiiiieie ettt ettt 447

15.4.1 CUStOMLOGIC: MOADUS SIGN@L....... ittt sttt sttt 447

15.4.2 Breaker Priority: BUTFEIEA VAIUE. ... sas s ssss s 447
15.5 SEHNG UP IMOUDUS. ...ttt s e84 s8Rkt es 450

15.5.1 Setting up Modbus TCP/IP COMMUNICATION........cco.irirrieiieeiieeise ettt sttt st nnes 450
T5.6 IMIOADUS @IAIIMN............ooo e s a0 s £ttt 450

15.6.1 MOdbus COMMUNICAION LIMEOUL. ...ttt bs sttt 450

16. WebConfig
16.1 ADOUL WEBCONTIG. ........o.oiooieei ettt s 8858585885t
16.2 CONNECT TO TN CONTIONIEN ...ttt
TO.BHOIME. ...t oS E o1 R Rt een
TO.4 FIFMWALE.............ooooeoeeeeee e s 22221 a2 et

TO.A.T ABOUL FITIMWAIE. ...ttt sttt sen

16.4.2 Firmware constraints....

16.4.3 DOWNIOAA FIFMWATE.........ooieieiiiee ettt
16.5 RESEE (FACKOTY FESEE)............ooo oot
16.6 COMMUNICATION SEILINGS............iii sttt

16.6.1 NETWOIK COMMUNICATION. .....cuuieeieeiiieeiie ittt as st s et s e85t 457

TE.6.1.T ETNEINET POITS ...ttt et 457

T6.6.2 USB COMMUNICATION........coooieeiieieieiiicicieeces sttt st 458

16.6.2.1 AlIOW OF TESIIICT USB @CCESS......coieeeeee sttt st st 458

TB.7 VBISIONS. ...ttt s8££ 4188585811084 R 8t 459
17. CODESYS

17.1 Extend your application With CODESYS ...ttt sttt 460

TZ.2 HOW Gt WOTKS..........ooo sttt st 44444884ttt es 460

17.3 Prepare and iNStall CODESYS................ ettt e s s e e s s ass s sans s s s snsens 460

17.3.1 ESSENTIAI COMPONENTS.......oooiiiiieeei ettt sttt s s s 8 A8t s st 460

17.3.2 CODESYS DeVeloPMENT SYSTEM (IDE) ...t sssssesssssssssesssssssssssssssss s ssssse s sssss st sssss s sssssss 461

17.3.3 Target SUPPOIt PACKAGE (TSP)..........cccieeceveeeeesseeeseeessssssssssssss s sssssssssssss s ssssssssssssss s ssssssssssss s sssssssssssssssssssssssssssss s sssssssssssssee 461

17.3.4 DEIF CODESYS lIDFAIES.......ovieiieriieeieriieiiesiee ettt sttt sttt

17.3.5 DOWNIOAA DEIF SOTLWATIE......cooiieierii sttt sttt
T7.4 ENADIE CODESYS...........oooiieieei sttt s 4554444 s b8
T7.5 WEDBCONTIG.........ooiii sttt s s s s bss s
17.6 INPUES QN OUEPULS..........oooii ettt eS8 s s bbbt

17.6.1 INPULS @NA OULPULS ...ttt s bt s 4 s st bbb

17.6.2 Activating controller outputs .

U7.7 CODESYS @IAIMS...........oooiii ettt a sttt e 44514582418 s 28 s kb e sttt

17.71 CODESYS application not OK
17.7.2 CODESYS CONFIQUIration CONTICT......c..coiiiieiieiiceee ettt bbbt 463

18. Hardware characteristics

181 GENEIAl CRAIACTEIISTICS. ... et a et s sesses s s sas s s ssssssesesassasnns 464

Designer's handbook 4189341396C EN Page 15 of 489



TBL2 CONTIOMIN ...ttt ettt as s s st a e s s s et s et b s e st e e st s et s A et e s e s ees et sse s ssessaesessesassesssesssesssessaesnsesnsesaneas

T8.2.T POWEE SUPPIY .ocvvieieiiiitiititie ettt s e840 b0 bbbt s bbb bbbt b s
18.2.2 DiGILAI INPULS ..ottt st E 8888kttt
18.2.3 DiGILAI OULPULS. ...ttt ss st 8848t
18.2.4 Analogue inputs
T8.2.5 ANGIOGUE OUTPULS. ...ttt et s s se s8R e e s 222 e £ s et n et een 468
18.2.6 CAN DUS COMMUINICATION.......oouiieeiiieiie ettt ettt et e 888t 469
18.2.6.1 ADOUt CAN DUS COMMUNICATION. ...ttt sttt sttt 469
T8.2.8.2 CAN DUS CADIE.....ooieie etttk s bbb 469
18.2.6.3 CAN bus ECU 0r DAVR COMMUNICATION. ..ottt sttt sttt sttt 470
18.2.7 EtNEIrNET COMMUNICATION. ...ttt bbb s8Rkt 470
18.2.7.1 ADOUL COMMUINICATION.......iieiitiieiieiieei ettt sttt Skt tess e b 470
T8.2.7.2 CONSITAINTS ..ottt st 8884488518888 e 471
18.2.7.3 DEIF Network Ethernet CharaCteriStiCS. ... oottt sttt ees 471
18.2.7.4 COMMUNICATION SEHINGS ..ottt st 471
18.2.7.5 ETNEINET PO SEILINGS. ..ottt s bbb st ses 472
18.2.8 Serial commuNICatioN COM T/ COM 2.ttt st bsss sttt ss st 472
18.2.9 Factory reset ..
18.2.10 CPU 10ad @S @N @N@lOGUE OULPUL.......ccoieiiieieiicieir ettt sse et st sttt st seen 474
T8.3 AAA-0N MOAUIES.............oooe ettt s e s 8288 E A e ettt anns s 475
18.3.1 Measurement INnput OULPUL MOAUIE MIO2. M.ttt 475
T8.3.1.1 VOIAGE MEBASUIEMENTS. ... ..ottt st ss s s e s e s bbb annt e 475
T8.3.1.2 CUITENT MEASUIEMIENTS. ... .ottt sse st s s s e f e e bbbt een 475
T8.3.1.3 DiGITAl INPULS ..ottt ettt eSSttt 475
T8.3.1.4 DIGITAl OUTPULS.......oeeeieee ettt s s8Rttt 475
T8.3.1.5 ANAIOGUE OULPULS ...ttt s s s e s bttt 476
18.3.1.6 ETtherCAT COMMUNICATION. ...ttt sttt s bttt een 476
18.3.1.6.1 EXtENSION raCK COMMUNICATION. ...ttt ettt een 476

T8.4 PIUG=IN MOTUIES.............oooiii ettt s 48454t
18.4.1 8 Digital bi-directional channels
18.4.1.1 Digital inputs

T8.4.1.2 DIGITAI OUTPULS.......ceeeee ettt s st
18.4.2 4 Analogue Di-dir€CtIONAl CRANNEIS..........oi ettt sttt een 478
T8.4.2.1 ANAIOGUE INPULS......oeieiieie ettt sa s e84 s 4888 s et ss et een 478
T8.4.2.2 ANAIOGUE OULPULS.......oieeieiieieii ettt sttt s s s s s eess e sbess e e b st sas 479
P85 HE 7 LOCAI AISPIAY. ...ttt 479
T8.5.1IE 7 LOCAl AiSPIAY CONNECTIONS. ...ttt s st nsss 479

19. Glossary

19.1 Terms and @DDBIEVIAtIONS............ .ottt 481
TO.2 UNIES......oo ettt s e 888 487
TO.B SYMBIOIS.........coooi ettt b A Se b A s s RSttt 488
19.3.1 MAthemMaAtiCal SYMDIOIS. ...t st 488

19.3.2 Drawing symbols
TO.3.3 FIOWCRAIT SYMIDOIS........oiiei sttt sttt n s ssesans 489

Designer's handbook 4189341396C EN Page 16 of 489



1. About the Designer's handbook

1.1 Intended users of the Designer's handbook

The Designer's handbook is intended for the designer of the system where the controllers are installed. It can also be used
during commissioning to check the design drawings and the controller parameters. Operators may find the Designer's
handbook useful for understanding the system and for troubleshooting.

1.2  Symbols and conventions

Symbols for hazard statements

This shows dangerous situations.

If the guidelines are not followed, these situations will result in death, serious personal injury, and equipment
damage or destruction.

/\ WARNING
This shows potentially dangerous situations.
A If the guidelines are not followed, these situations could result in death, serious personal injury, and equipment

damage or destruction.

/\ CAUTION

This shows low level risk situation.

If the guidelines are not followed, these situations could result in minor or moderate injury.

NOTICE

0 This shows an important notice
Make sure to read this information.

Symbols for general notes

NOTE This shows general information.

More information
This shows where you can find more information.

Example

i~

This shows an example.

How to ...
This shows a link to a video for help and guidance.
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Functions

The Designer's handbook descriptions are based on functions. Each function description includes the associated input and
output functions, and parameters.

Function or parameter path notation
A function or parameter path is stated in this document as follows:

Generator > Nominal settings > Nominal settings 1 > Voltage (V)
The above path is for the voltage (V) parameter under Nominal settings 1 for the Generator.

Inputs and outputs

The controller has configurable inputs and outputs. You can assign functions to inputs or outputs with either the display or
PICUS. These functions are assigned to a hardware module and set of corresponding terminals. Only functions applicable
for the type of terminal are listed. If an ECU is configured in Fieldbus, you can also see ECU functions.

Parameters

Parameters can be configured with either the display or PICUS.

Parameter visibility may depend on the hardware or input/output configuration.
Multi-function parameters and I/Os

Some parameters and inputs or outputs can be used by more than one function.

Parameter used by more than one function example

pa

For a GENSET controller:

Generator > Nominal settings > Nominal settings 1 > Voltage (V)

This parameter is for the genset Nominal voltage for the first set of nominal settings. The Nominal voltage is the
basis for all of the voltage alarms.

General names

Square brackets [ ] are used to create general names. General names are used to avoid repeating the same function
description.

Use of square brackets examples

L

[A-side] represents the Generator for a GENSET controller.
[Hardware module] represents the relevant controller hardware module.

[Breaker] represents the Generator breaker for a GENSET controller.
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Numbers

The hash symbol # is used when there are several numbered possibilities.

Example

P

Nominal settings #

Where the # could be 1to 4.

1.3 Software versions

The information in this document relates to software versions:

iE 250 Marine Core

Controll licati 2.0.11.
iE 250 Marine Power management el el X
CODESYS libraries CODESYS 2.011.x
PICUS PC software 1.0.24.x

1.4 Need more information?

Get direct access to the resources that you need by using the links below.

&

DEIF website Give feedback Support
Official DEIF homepage. Help improve our documentation with ~ Self-help resources and how to contact
your feedback. DEIF for assistance.

A
= -
DEIF @ @

Documentation Product

iE 250 Marine documentation. iE 250 Marine product page. Learn how to use this product.

1.5  CAD drawings

DWG Drawings
iE 250 iE 250 iE 250
Front mounted Base mounted Base mounted
with MIO with MIO without MIO
www.deif.com/rtd/ie250fmm/dwg www.deif.com/rtd/ie250bmm/dwg www.deif.com/rtd/ie250bm/dwg
iE 7
Local display
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https://www.deif.com
https://www.deif.com/feedback-form-documentation/
https://www.deif.com/support
https://www.deif.com/documentation/ie-250-marine/
https://www.deif.com/products/ie-250-marine/
https://www.deif.com/videos/?product=17655
https://www.deif.com/rtd/ie250fmm/dwg
https://www.deif.com/rtd/ie250bmm/dwg
https://www.deif.com/rtd/ie250bm/dwg
https://www.deif.com/rtd/ie250fmm/dwg
https://www.deif.com/rtd/ie250bmm/dwg
https://www.deif.com/rtd/ie250bm/dwg
https://www.deif.com/rtd/ie7/dwg

www.deif.com/rtd/ie7/dwg

STP STEP-file
iE 250 iE 250 iE 250
- Front mounted Base mounted Base mounted
STP with MIO with MIO without MIO
www.deif.com/rtd/ie250fmm/stp www.deif.com/rtd/ie250bmm/stp www.deif.com/rtd/ie250bm/stp
iE7
.
- Local display
STP
www.deif.com/rtd/ie7/stp
2D PDF
iE 250 iE 250 iE 250
Front mounted Base mounted Base mounted
with MIO with MIO without MIO
www.deif.com/rtd/ie250fmm/2dpdf www.deif.com/rtd/ie250bmm/2dpdf www.deif.com/rtd/ie250bm/2dpdf
iE7
Local display
www.deif.com/rtd/ie7/2dpdf
3D PDF
To view a 3D PDF you must enable multimedia and 3D content in your PDF viewer.
iE 250 iE 250 iE 250
== Front mounted Base mounted Base mounted
3D PDF with MIO with MIO without MIO
www.deif.com/rtd/ie250fmm/3dpdf www.deif.com/rtd/ie250bmm/3dpdf www.deif.com/rtd/ie250bm/3dpdf
iE7
-
- Local display

3D PDF

www.deif.com/rtd/ie7/3dpdf

1.6 Warnings and safety
Safety during installation and operation

When you install and operate the equipment, you may have to work with dangerous currents and voltages. The installation
must only be carried out by authorised personnel who understand the risks involved in working with electrical equipment.
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https://www.deif.com/rtd/ie250fmm/dwg
https://www.deif.com/rtd/ie250fmm/stp
https://www.deif.com/rtd/ie250bmm/stp
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A\ DANGER!

Hazardous live currents and voltages

Do not touch any terminals, especially the AC measurement inputs or any relay terminals, as this could lead to
injury or death.

Controller power supply

It is recommended that the controller has both a reliable power supply and a backup power supply. The switchboard design
must ensure sufficient protection of the system, if the controller power supply fails.

Connect the controller (or extension rack) protective earth

A\ DANGER!

Failure to ground
A Failure to ground the controller (or extension rack) could lead to injury or death.

You must ground the controller (or extension rack) to a protective earth.

Switchboard control (Marine)

In Switchboard control, the operator operates the equipment from the switchboard. When Switchboard control is activated:

* The controller trips the breaker and/or shuts down the engine, if an alarm situation arises that requires a trip and/or
shutdown.

« The controller does not respond to a blackout.

e The controller does not provide power management.

+ The controller does hot accept operator commands.

e The controller cannot and does not prevent manual operator actions.

The switchboard design must protect the system when the controller is in Switchboard control.

Manual override of alarm action
A Do not use switchboard or manual control to override the alarm action of an active alarm.

An alarm may be active because it is latched, or because the alarm condition is still active. If the alarm action is
manually overridden, the latched alarm provides no protection.

Factory settings

The controller is delivered pre-programmed from the factory with a set of default settings. These settings are based on
typical values and may not be correct for your system. You must therefore check all parameters before using the controller.
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Automatic and remote-controlled starts

/\ CAUTION

Automatic genset start

an inexperienced operator to predict which gensets will start. In addition, gensets can be started remotely (for

fi The power management system automatically starts gensets when more power is needed. It can be difficult for
example, via an Ethernet connection, or a digital input).

To avoid personal injury, the genset design, the layout, and maintenance procedures must take this into account.

Electrostatic discharge

If the modules are not installed in the controller, protect the module from
electrostatic discharge. While the controller is open for the installation of
A ATTENTION modules, you must also protect the inside of the controller from

‘ \ Observe precautions for handling electrostatic discharge.

Electrostatic sensitive devices . . . . .
Electrostatic discharge during installation can damage the modules and the

inside of the controller.

Shelving and taking alarms out of service

A\ DANGER!

Shelved and out of service alarms are completely disabled.

These alarms cannot be activated by the operating conditions, and provide NO protection. Shelving or taking out
of service also automatically acknowledges the alarm and resets the latch.

You can shelve and/or take selected alarms out of service. However, only qualified personnel should shelve and/or take
alarms out of service. This must be done carefully, and only as a temporary measure, for example, during commissioning.

Do not circumvent active alarm actions

Circumventing a latched alarm action
A If the alarm action is circumvented, a latched alarm does NOT provide any protection.

Do not circumvent the alarm action of an active alarm. An alarm may be active because it is latched, or because
the alarm condition is still present.

o Latched Over-current alarm example

\/
I

The controller trips a breaker because of over-current. The operator then manually (that is, not using the
controller) closes the breaker while the Over-current alarm is still latched.

If another over-current situation arises, the controller does not trip the breaker again. The controller regards the
original Over-current latched alarm as still active.
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Do not use unsupported hardware modules
Only use the hardware modules that are listed in the Technical specifications.
Remote-controlled starts

The gensets can be started by remote signals (for example, by sending a Modbus signal, or using PICUS). To avoid
personal injury, the genset design, the layout, and maintenance procedures must take this into account.

1.7  Legal information
Third party equipment

DEIF takes no responsibility for installation or operation of any third party equipment. In no event shall DEIF be liable for any
loss of profits, revenues, indirect, special, incidental, consequential, or other similar damages arising out of or in connection
with any incorrect installation or operation of any third party equipment.

Warranty

NOTICE

0 Warranty
The warranty will be lost if the warranty seals are broken.

Open source software

This product contains open source software licensed under, for example, the GNU General Public License (GNU GPL) and
GNU Lesser General Public License (GNU LGPL). The source code for this software can be obtained by contacting DEIF at
support@deif.com. DEIF reserves the right to charge for the cost of the service.

Trademarks

DEIF and the DEIF logo are trademarks of DEIF A/S.

BELDEN is a trademark of BELDEN INC.

Bonjour® is a registered trademark of Apple Inc. in the United States and other countries.

Adobe®, Acrobat®, and Reader®are either registered trademarks or trademarks of Adobe Systems Incorporated in the
United States and/or other countries.

CANopen® is a registered community trademark of CAN in Automation e.V. (CiA).

SAE J1939° is a registered trademark of SAE International®.

CODESYS® is a trademark of CODESYS GmbH.

EtherCAT®, EtherCAT P®, Safety over EtherCAT®, are trademarks or registered trademarks, licensed by Beckhoff
Automation GmbH, Germany.

VESA® and DisplayPort® are registered trademarks of Video Electronics Standards Association (VESA®) in the United States
and other countries.

Modbus® is a registered trademark of Schneider Automation Inc.

Torx®, Torx Plus® are trademarks or registered trademarks of Acument Intellectual Properties, LLC in the United States or
other countries.

Windows® is a registered trademark of Microsoft Corporation in the United States and other countries.
All trademarks are the properties of their respective owners.
Copyright

© Copyright DEIF A/S. All rights reserved.
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Disclaimer

DEIF A/S reserves the right to change any of the contents of this document without prior notice.

The English version of this document always contains the most recent and up-to-date information about the product. DEIF
does not take responsibility for the accuracy of translations, and translations might not be updated at the same time as the
English document. If there is a discrepancy, the English version prevails.
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2. System principles

2.1 About the controllers
211 About the controller types

The iE 250 is a versatile and modular-designed controller for marine. Its design enables you to tailor the installation to your
needs.

Front mounted controller Base mounted controller
with combined display with or without local display

An extensive range of control, protection and supervision features. Applications range from generator control and
protection to engineered power management solutions.

The supported features depend on the software licence installed.

Each controller is assigned a type from the factory. You can see the type of controller on the single-line application
drawing.

Controller type Controls and protects

Genset controller A prime mover, generator, and generator breaker.

An emergency prime mover, generator, and both generator breaker and busbar tie breaker.

Emergency genset controller * .
gency g There can only be 1 Emergency generator controller in each system.

Hybrid controller An inverter with power source, and breaker.
Bus tie breaker controller A bus tie breaker.
Shaft generator controller The system when a shaft generator is connected.

Shore connection controller The system and a shore connection breaker, when a shore connection is connected.

NOTE * Emergency genset controllers are only available with the Power management licence.
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21.2 Display layout

The base-mounted controller can run with or without a display, but we recommend that you use an iE 7 display. The display
is the operator's interface to the controller.

1 Display screen

2 Status LED
@ Notification centre button

4 Navigation buttons
=
@ Enter button

e Back button

e Control centre button

6 Configurable buttons

o Start button

@ Stop button **

7" colour touch screen.
Multi-colour LED for status indication.

Silences the alarm horn (deactivates the output), and opens the Notification
centre, which shows alarms and events.

Up, down, left, and right arrows.

Confirms the selection.

e Returns to the previous page
e Shows the menu.
* Hold: Change to Dashboard

Opens the Control centre.

Buttons are can be activated either by pressing the physical button or the soft key
on the screen. *

In manual or local operation, it starts the asset.
In a Power management system and in AUTO mode, it starts the Power
management.

In manual or local operation, it stops the asset.
In a Power management system and in AUTO mode, it stops the Power
management.

NOTE * Dashboard pages can be created, copied and modified, to assign different functions to the buttons (with PICUS

and the Display designer).

** Double press to override cooldown process. Press again to cancel Idle run, if configured. Idle run may not be
permitted or approved by certain maritime classification societies.
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2.2 Application as a system

2.21 Single-line application drawing

The system is defined by the application drawing created with PICUS:

Additional breaker settings, measurements, and feedbacks can also be configured.

How many controllers

What type of controllers

How they are connected

The non-essential loads (NEL)
The heavy consumers (HC)

The application drawing is created in PICUS and must be written to all connected controllers in the same system. If different

applications are detected in the system, the controller activates an alarm.

[ﬂ More information

See the PICUS manual for how to configure and write the Application drawing.

Designer's handbook 4189341396C EN

Page 27 of 489


https://www.deif.com/rtd/picus

2.2.2 Applications

With power

management, the controller can handle simple or advanced applications for a variety of marine and offshore

industry projects. Applications include synchronising generators, critical power, emergency standby, and power production.

The complete system is easily monitored and controlled from PICUS through a graphical supervision page. The values that
are presented in the intuitive and easy-to-use user interface include the running status, hours in operation, breaker status,
condition of shore and busbars, and fuel consumption.

Example application with Power management
%[ Shaft DEIF network Ethernet @ Shore = Busbar
generator SHORE connection —— Measurements / control
~ controller ~ ——— DEIF network Ethernet
Power flow
SHAFT generator
controller
SGB
BTB controller Py CONSUMETS
Busbar Busbar
f " BTB i f
®
B
HYBRID GENSET EMERGENCY
controller L4 controller o GENSET
HYB1 GB1 controller
Emergency
load
Inverter

EGB

— @ Genset
p5Y
|

Energy source

Emergency
Genset

N,

2.2.3 Change controller type

You can change the type of controller from the single-line application drawing. Remove the existing controller and replace it
with a new controller type with the same Controller ID. This feature requires the necessary permission in order to access it.

The controller must be either safe for commissioning:
1. Any controlled equipment must be stopped.

2. All breakers must be open.

3. The controller must be in switchboard control.

or

1. The controller is in emulation mode.
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Changing the controller type resets the default I/O configuration. The 1/O configuration must checked and reconfigured as
necessary after changing the controller type. It is recommended to take a backup of your settings before changing the
controller type.

NOTICE

Configuration reset

When a controller changes type, all of the controller's existing configuration is deleted, this also includes the
log. The IP address configuration and permissions (both users and groups) are not deleted.

It is recommended to take a backup of your controller before changing controller type if you require the
settings.

More information
See Application in the PICUS manual for how to create the single-line application drawing.

2.2.4 Maximum number of controllers

There can be up to a total of 32 controllers per DEIF network Ethernet ring. That is, you can assign up to 32 unique
Controller ID numbers out of a possible range of 64.

A system can consist of several controllers in the same DEIF network.

Types _JPossible JNows

GENSET controller 1to 32 There must be at least one GENSET controller.
EMERGENCY genset controller Oto1 Power management licence only.

HYBRID controller 0to 32

SHAFT generator controller 0to 31 See Restrictions.

SHORE connection controller 0to 31 See Restrictions.

BUS TIE breaker controller 0to 31

NOTE For Marine Power management applications, you can use any combination of iE 250 Marine Power management
and iE 350 Marine Power management controllers.

2.2.5 Restrictions

The iE 250 is not suitable for all possible marine configurations. Some configurations, which require an engineered
controller solution, like DEIF's Delomatic, are listed briefly below.

Shaft generators cannot run in parallel with each other

The iE 250 allows multiple SHAFT generator controllers. If the shaft generators must connect at the same time, then they
must be on separate busbar sections. However, during power take home, one shaft generator can drive another shaft
generator.

Shaft generator cannot run in parallel with a shore connection

The shaft generator and shore connection cannot run in parallel with each other. If they run at the same time, they must
connect to separate busbar sections.

Redundant busbar is not supported

The iE 250 controllers cannot control a system with a redundant busbar. If you need to control a system with a redundant
busbar, use the DEIF Delomatic controller.
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2.2.6 Non-Essential Loads (NEL)
You cannot assign a hon-essential load to a BUS TIE breaker controller.

NEL configuration options

Label Customisable label for the non-essential load.

NEL ID Select NEL 1, NEL 2 or NEL 3. IDs that are already used are not shown.

NEL trip signal # Select a controller from the list. Controllers that are not in the same section are not shown.
New NEL trip If there are other controllers in the section that the NEL trip signal can be connected to, you
signal (s) can select these in the New NEL trip signal list.

The NEL must be both connected and assigned to the controller on the application in order for the NEL functions to be
visible under the controller inputs and outputs.

More information
See the PICUS manual for how to create the application and add a non-essential load.

2.2.6.1 Non-essential load trip (NEL) function

Non-essential load trip (NEL) groups are tripped to protect the busbar against imminent blackout. The NEL can be
configured to trip (that is, disconnect) if over-current, low busbar frequency, overload and/or reactive overload is measured
by a controller.

Each non-essential load (NEL) trip is a function with a warning alarm. The trip is active until the measurement that activated
the alarm returns to normal (unless the alarm is latched; then the trip remains active until the latch is reset). The operator
can then reconnect the non-essential load.

For NEL alarms, you can only set the set point and the delay. You cannot assign other alarm actions.

Up to three non-essential loads (NEL) can be defined per controller. The NELs are tripped individually, that is, a trip of NEL 1
does not directly influence NEL 2 or NEL 3. Inhibits are used to prevent a NEL trip when the breaker to the busbar is open.

The NEL trip relay is activated when one or more of the NEL alarms is activated. It remains active whenever there is at least
one NEL alarm, even if the original NEL alarm is deactivated.

NOTE In this description, # represents the NEL ID (#is 1to 3).

Wiring 12 non-essential loads with no redundancy
For redundancy and secure operation, DEIF strongly recommends that all controller NEL trip settings are identical.
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Wiring three non-essential loads with full redundancy

DEIF recommends that you connect each non-essential load to each controller, so that any controller can trip the non-
essential loads. As a minimum, each non-essential load should be connected to at least two controllers. However, it is
possible to connect each controller to up to three non-essential loads, with no interaction from the other controllers.
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Digital output

For each controller assign the non-essential load outputs. The NEL must be added to the application single-line diagram
before you can configure this digital output.

N N R

The controller activates the output when a non-essential load alarm is

Non-essential

load trip > Non- Digital
essential load output
trip #

Parameter

Continuous

activated.

The digital output will be activated as long as at least one NEL alarm is
active. That is, if the operating value no longer exceeds the set point, the
digital output is normally deactivated. However, if an NEL alarm has a
latch, the digital output will not be deactivated until latch is reset.

The non-essential load parameter is only visible when the Non-essential load trip # function is configured.

Non-essential load trip > Trip # > Settings

omameter——Jnge e

Not enabled: Controller breaker trips have no direct effect on the non-essential load

Trip when Not enabled,
breaker trips Enabled

How the NEL function works

pa

1. Current

trips.

Enabled: Whenever the controller breaker trips, then the controller also activates
the Non-essential load trip # output. The NEL trip remains active as long as the
breaker trip is active.

Example NEL 1 over-current, without a latch

s

Set point

—/

2. NEL 1 over-current A

X

—» Delay <+

~—_ [

.
3. NEL trip |

4. NEL breaker _/
-

5. Operator
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Current: The current fluctuates based on the
demand. When the current exceeds the set
point, the alarm's delay timer starts. If the
current is over the set point for the delay
time, the alarm is activated and the NEL
breaker trips. In response, the current drops.

. NEL 1over-current: The controller activates

the NEL alarm when the operating value is
above the set point for the delay time.

e The alarm is deactivated when the alarm
value returns to normal.

. NEL trip: Non-essential load trip > Non-

essential load trip # (digital output): The
controller activates this output when an NEL
alarm is activated. The output is deactivated
when all the NEL alarm values return to
normal.

. NEL breaker: The NEL breaker disconnects

the NEL when the controller activates the
NEL trip output. The operator has to close the
breaker to reconnect the NEL.

. Operator: Operator intervention is required to

reconnect the NEL.
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o Example NEL 1over-current, with a latch

1. CuERl /L’\ . 1. Current: See the previous example.
/ Set point 2. NEL 1over-current: The controller activates
% U the NEL alarm when the operating value is

above the set point for the delay time.
—> Delay <

\ A

e The alarm is reset when the latch is reset.

2 NEL 1 over-current A 3. NEL trip: Non-essential load trip > Non-
essential load trip # (digital output): The

controller activates this output when an NEL

::-| alarm is activated. The output is deactivated

-

-~

3. NEL trip

when all the NEL alarm values are normal,
and all latches are reset.

—— 4. NEL breaker: The NEL breaker disconnects
the NEL when the controller activates the
NEL trip output. The operator has to close the
breaker to reconnect the NEL.

4. NEL breaker

5. Operator

Q)

A 5. Operator: Operator intervention is required to
W reset the latch and reconnect the NEL.

2.3 Control and modes
2.31 About the controller mode

The iE controllers operate in a controller mode. This mode decides which actions may be taken or how the controller reacts
to operational situations.

Controller modes:
¢ AUTO - Automatic mode

o The controller can automatically start, stop, connect, and disconnect the asset. The operator cannot start a
sequence manually, unless the local control setting is enabled for the controller or section. The controllers use the
power management configuration to automatically select the power management action.

« MANUAL - Manual mode

o The operator can start, stop, connect and disconnect the asset. The controller automatically synchronises before
closing a breaker, and automatically de-loads before opening a breaker.

« Switchboard mode

o Each controller can operate in switchboard control. You can manually operate the genset speed and open and close
the breakers. Use Switchboard control for troubleshooting, or to manually override the system.

o In Switchboard control, all the controller functions are not available, but the controller protections stay active. The
controller can trip breaker(s) and/or shut down the engine, if an alarm situation occurs. The controller does not
accept operator commands. The controller cannot and does not prevent manual operator actions.

o The controller does not respond to a blackout. The controller does not provide Power management.
o The switchboard design must protect the system when the controller is in Switchboard mode.

e TEST - Test mode
o The test sequence starts when an operator selects the test mode.

2.3.2 Power Management System (PMS) control

All of the controllers normally run in PMS control. The PMS is enabled and monitors the available power. Load sharing is
active. AUTO mode and Manual mode both operate in PMS control.
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Digital input

T N

If it is possible, the controller is put under PMS control when this input is
activated. The controller will remain under PMS control for as long as the input

is activated.
Local > Mode Digital
igita . .. . . . .
> PMS . g Continuous If this input is configured but not activated, then the controller is forced to
input .
control Switchboard control.

If the Switchboard control digital input is also configured, when it is activated it
overrides the PMS control digital input.

NOTE The PMS control input function acts as a safety function, by forcing the controller to switchboard control if the PMS
control input is not activated.

2.3.3 Switchboard control

In Switchboard control, the operator controls and operates the equipment from the switchboard. The operator can manually
regulate the frequency and voltage using digital inputs (if configured) or Modbus.

In Switchboard control, the controller does not accept any commands from the display or other external sources (for
example, PLC and Modbus) to open or close the breaker. The GENSET controller does not accept any commands to start or
stop the engine. However, the controller alarms can still trip the breaker, and the GENSET controller alarms can shut down
the engine.

Input and output for switchboard control

e T S

Local > Mode > Digital . The controller is forced to Switchboard control when this input is

; . Continuous .
Switchboard control input activated.
Power management > All the controllers in the section are forced to Switchboard control
Force all Sieiie] when this input is activated.
controllers in ) JEllE Continuous

. input - L . 5

section to SWBD This input function is not available in the BUS TIE breaker
control controller.

Local > Mode > Under Digital

. Continuous Activated if the controller is under Switchboard control.
switchboard control output

You can automatically activate Switchboard control when the digital input is deactivated, with the PMS control digital input.

Optional inputs for manual governor regulation

Funcion o rype— omars

This input only has an effect when the genset is in switchboard control.
When this input is activated, the controller increases the output to the

governor.
Regulators > GOV
> Manual > Digital Contl This affects:
Manual GOV input SRILIOLS Regulators > GOV > Control > GOV increase digital output
increase or

Regulators > GOV > Control > GOV output [%] analogue output

Set the percentage change of the governor input per second with:
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Funcion———Juo— e omais

Regulators > GOV

> Manual > Digital
Manual GOV input
decrease

Regulators > GOV

> Command > D@ﬂal
Reset GOV to input

offset

Continuous

Pulse

Configure > Parameters > Regulators > GOV analogue

configuration > Manual slope.

This input only has an effect when the genset is in switchboard control.
When this input is activated, the controller decreases the output to the
governor.

This affects:

Regulators > GOV > Control > GOV decrease digital output

or

Regulators > GOV > Control > GOV output [%]analogue output

Set the percentage change of the governor input per second with:
Configure > Parameters > Regulators > GOV analogue

configuration > Manual slope.
This input only has an effect when the regulator uses the analogue output

for regulation.

When this input is activated, the controller resets the governor output to the
offset.

This cancels the accumulated effect of the Manual GOV increase and/or
Manual GOV decrease digital inputs.

Optional inputs for manual AVR regulation

N R L

Regulators > AVR

> Manual > Digital
Manual AVR input
increase

Regulators > AVR

> Manual > Digital
Manual AVR input
decrease

Regulators > AVR

> Command > D@ﬁa|
Reset AVR to input

offset

Designer's handbook 4189341396C EN

Continuous

Continuous

Pulse

This input only has an effect when the genset is in switchboard control.
When this input is activated, the controller increases the output to the AVR.

This affects:

Regulators > AVR > Control > AVR increase digital output

or

Regulators > AVR > Control > AVR output [%] analogue output

Set the percentage change of the AVR voltage per second with:
Configure > Parameters > Regulators > AVR analogue

configuration > Manual slope

This input only has an effect when the genset is in switchboard control.
When this input is activated, the controller decreases the output to the AVR.

This affects:
Regulators > AVR > Control > AVR decrease digital output

or
Regulators > AVR > Control > AVR output [%] analogue output

Set the percentage change of the AVR voltage per second with:
Configure > Parameters > Regulators > AVR analogue

configuration > Manual slope

This input only has an effect when the regulator uses the analogue output
for regulation.

When this input is activated, the controller resets the AVR output to the
offset.
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This cancels the accumulated effect of the Manual AVR increase and/or
Manual AVR decrease digital inputs.

More information
See Regulation chapter for more information.

Manual slope

These parameters are active when the controller is in switchboard control, and the operator manually controls the regulator.
They are only visible if a governor or AVR output is configured.

[Regulator] is either GOV or AVR.

Regulators > [Regulator] analogue configuration > Manual slope

e [

The controller increases or decreases the analogue output by this
amount when the digital input is activated.

Manual GOV 0.0 to 200.0 %/s of genset

slope nominal power . q :
For relay outputs, depending on the relay output settings, the effect might
not be linear.
The controller increases or decreases the analogue output by this
amount when the digital input is activated.

Manual AVR 0.0 to 200.0 %/s of genset

slope nominal reactive power

For relay outputs, depending on the relay output settings, the effect might
not be linear.

After switchboard control
This parameter only applies to the GENSET, HYBRID, and EMERGENCY genset controllers.

This parameter defines the controller mode after Switchboard control.

Local power management > Return modes > After SWBD control

The default.

No mode change
After Switchboard control, the controller returns to the mode it was in before it was under Switchboard

control.
Manual mode After Switchboard control, the controller mode is manual (Manual).
AUTO mode After Switchboard control, the controller mode is automatic (AUTO).

Events that force controllers in switchboard control
The following events force all the controllers in the section to operate in Switchboard control:

e The Power management > Force all controllers in section to SWBD control command or digital input on
ANY controller in the section.

* Any breaker position failure in the section.
* Any critical alarms in a connected controller (that is, a controller with a closed breaker) in the section:
o Duplicate controller ID
o Missing all controllers
o System not OK alarm on any controller (that is, there is a problem with a hardware module in that controller)
o ACM voltage measurement error alarms
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o [Source] L1-L2-L3 wire break
o [Busbar] L1-L2-L3 wire break
o [Source] L1 wire break
o [Source] L2 wire break
o [Source] L3 wire break
o [Busbar] L1 wire break
o [Busbar] L2 wire break
o [Busbar] L3 wire break
+ Power management system disabled, as shown by any of these alarms:
o PMS disabled due to an error
o Network protocol incompatible
o Different single-line configurations
o Controller type mismatch
o Single-line missing/none active
o Priority network error
o Different power management rules activated
o Controller ID not configured

The controllers return to power management system control when the cause is removed.

More information
See Forced to switchboard control alarm in Power management for more information about the alarm.

EMERGENCY genset controller and force to switchboard control

The events that force controllers to switchboard control (listed above) only apply to the EMERGENCY genset controller
when it is in Harbour operation. If the EMERGENCY genset controller is not in Harbour operation, then none of the events
force the controller to Switchboard control.

The EMERGENCY genset controller is not forced to Switchboard control by alarms that force the other types of controllers
to Switchboard control. However, if the controller(s) in the same section with connected equipment are forced to
switchboard control, then the EMERGENCY genset controller is forced to Manual mode.

The EMERGENCY genset controller is not forced to Switchboard control by the Power management > Force all
controllers in section to SWBD control input. This allows the EMERGENCY genset controller to still respond to a
blackout.

Remote breaker signals in switchboard control

You can configure remote breaker signals as inputs to the controller. You can configure an alarm on an external over-
current detection input, so that the controller trips the breaker when the input is activated.

In Switchboard control, the controller will respond to the remote breaker signal IF the alarm action has an effect under
Switchboard control. In the examples above, in Switchboard control, the controller will not respond to the under-voltage coil
input. However, in Switchboard control the controller will trip the breaker if the over-current detection input is activated.

Effect of switchboard control in ALL controllers

The power management system is disabled when all the controllers are in Switchboard control. The controllers do not
respond to blackouts or requests from heavy consumers.

Effect of switchboard control in ONE controller
The controller in Switchboard control does not start or stop the engine, or open or close breakers. The controller in

Switchboard control does not respond to a blackout.

If the controller in Switchboard control receives a request from a heavy consumer, and power is available from controllers in
AUTO mode, then the controller acknowledges the request.
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Effect of switchboard control on other controllers

If a connected GENSET, SHAFT generator or SHORE connection controller is in Switchboard control, all the other GENSET
controllers go into Manual mode. Power management is disabled.

DEIF network Ethernet \/_'
Switchboard Manual Manual

® GENSET [ ] GENSET [ ] GENSET

GB1 controller GB2 controller GB3\ controller
® ® ]

r~ =) r~ |
o o o o G
-] - I —

If a BUS TIE breaker controller is put in Switchboard control, then this has no effect on the other controllers.
If any not connected controller is put in Switchboard control, then this has no effect on the other controllers.

There can be a blackout while a connected controller is in Switchboard control. For the GENSET, EMERGENCY genset,
SHAFT generator, and SHORE connection controllers, for the default under-voltage settings, the breaker will trip.

2.3.4 Automatic (AUTO) mode
Only applies to GENSET, HYBRID, and EMERGENCY genset controllers.

In AUTO mode, the GENSET controllers automatically start and stop gensets according to the power management
requirements and the system settings. No operator actions are needed. In AUTO mode, power management includes load
management, priority start, load sharing, and heavy consumer control.

External signals to start, stop, connect or disconnect gensets are ignored in AUTO mode.

For the power management system to operate, at least one GENSET controller must be in AUTO mode. However, it is not
necessary for all the GENSET controllers to be in AUTO mode for the power management system to operate.

Inputs and outputs

Funcion oy oo

If it is possible, the controller is put into AUTO mode when this
Digital input  Pulse input is activated. This input has the same effect as pressing
the AUTO push-button on the display.

Local > Mode > AUTO
mode

If it is possible, each GENSET controller in the section is put
into AUTO mode when this input is activated. This input has
the same effect as pressing the AUTO push-button on the
display of each GENSET controller.

Power management >
Force all gensets in Digital input  Pulse
section to AUTO mode

Local > Mode > In AUTO Digital

Continuous Activated if the controller is in AUTO mode.
mode output

2.3.5 Manual mode

Only applies to GENSET, HYBRID, and EMERGENCY genset controllers.
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In Manual mode, the controller cannot automatically start, stop, connect or disconnect the genset. However, when a
controller is in Manual mode, operator intervention (or an external signal) can start, stop, connect or disconnect the genset.
In Manual mode, the controller automatically synchronises before closing a breaker, and automatically de-loads before
opening a breaker.

Load sharing is active in Manual mode.

Non-essential load (NEL) trips are active in Manual mode. If local measurements show that the genset is overloaded, then
the NEL(s) trip to protect the power supply to the main busbar.

Inputs and outputs

T I S S

If it is possible, the controller is put into Manual mode when
Local > Mode > Manual Digital input  Pulse this input is activated. This input has the same effect as
pressing the Manual push-button on the display unit.

If it is possible, each GENSET controller in the section is put
into Manual mode when this input is activated. This input has
the same effect as selecting Manual on the display of each
GENSET controller.

Power management >

Force all gensets in Digital input  Pulse
section to Manual mode

Local > Mode > In Digital

Continuous Activated if the controller is in Manual mode.
Manual mode output

Effect of Manual mode on genset priority order

If only one GENSET controller is in AUTO mode, the PMS always starts the genset for that controller and connects the
genset to the busbar. The PMS does this to have control over the system. The PMS starts the genset that is in AUTO even if
there is enough power available from other controllers in Manual mode, and even if the genset has the lowest priority.

DEIF network Ethernet

\ \ N

AUTO AUTO or Manual AUTO or Manual

® GENSET [ GENSET [ ] GENSET
GB1 controller GB2 \ controller GB3\ controller

_ . _

©} (¢} G G

— — —

Event that forces controllers to Manual mode

If one or more controller in the section with connected equipment is in Switchboard control, then all the controllers in the
section that are in AUTO mode are forced to Manual mode. The EMERGENCY genset controller equipment is connected if
the generator breaker and the tie breaker are closed.

The controllers return to the return mode after switchboard when the cause is removed.

Local power management > Return modes > After SWBD control

More information
See Forced to Manual mode in Power management for the more information about the alarm.
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2.3.6 Command sources

You can prohibit certain command sources from use in the system. For example, you could restrict the display function for
the start or stop of the engine. Command sources can be configured as parameter settings or dynamically controlled with
CustomLogic or Modbus.

Parameters
You can use parameters to enable or disable the display command sources.

Local > Command sources > Active sources

S N

PICUS commands
Modbus commands

I/0 commands

Not enabled, Enabled
Not enabled, Enabled -
Not enabled, Enabled -

CustomLogic

Not enabled, Enabled -

commands

CODESYS commands Not enabled, Enabled =

Manual/AUTO mode -

Mute alarm -

0.0

Open/close [Equipment] or
breaker m

First priority =

Start/stop engine
Display commands

Dynamic control

Allow or prohibit PICUS commands.
Allow or prohibit Modbus commands.
Allow or prohibit I/O commands to be used.

Allow or prohibit CustomLogic commands to
be used.

Allow or prohibit CODESYS commands to be
used.

Allow or prohibit the operator to use the
display to change to Manual or AUTO mode.

Allow or prohibit the operator to mute alarms.
Allow or prohibit the operator to start or stop

the engine or power source.

Allow or prohibit the operator to open or close
the breaker(s).

Allow or prohibit the operator to select first
priority.

You can use a CustomLogic function to dynamically enable or not enable the command source parameter by setting the

value. The value is represented as a bits value.

s Example CustomLogic project

\ A

Overview

Block 0 -
Terminal{s) 20, 23, Slot 3

Enabled

Logic Creator Terminal(z) 20, 23, Slot 3

Display commands
Operate

Display commands
Operate

In this example, a GENSET controller has a digital input is associated with an OPERATE block for the function
Display commands. The value set in the OPERATE block relates to value for the command source.

When the digital input is not active the OPERATE value is set to 0. No push-buttons can be used.
When the digital input is active the OPERATE value is set to 1. All push-buttons can be used.

To enable the commands set the OPERATE value to 1.
To not enable the commands set the OPERATE value to O.
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Display commands
The display commands are controlled by the bit value, which depends on the type of controller.

GENSET and HYBRID controllers

Command Bit OPERATE value
Manual/AUTO 0 1

Mute alarm 1 2

Start/stop engine 2 4

Open/close breaker 3 8

First priority 4 16
EMERGENCY genset controller

Command Bit OPERATE value
Manual/AUTO 0 1

Mute alarm 1 2

Start/stop engine 2 4

Open/close breaker 3 8

Open/close tie breaker 4 16

Test engine 5 32
BUS TIE breaker , SHAFT generator, and SHORE connection controllers

Command Bit OPERATE value
[Mode] 0 1

Mute alarm 1 2

Open/close breaker 2 4

Example 1

P

In this example, we enable only the Start/stop engine, and Open/close breaker push-buttons on a GENSET

controller.

Command Bit OPERATE value
Start/stop engine 2 4

Open/close breaker 3 8

Bit 2 + Bit 3 = 4 + 8 = OPERATE value 12

¥

Result Dizplay commands
Wariable 1 12
Operator Mone w

Variable 2 -
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s Example 2

\ A

In this example, we enable all push-buttons with the exception of the Test engine push-button on a EMERGENCY
genset controller.

Command Bit OPERATE value
Manual/AUTO 0 1
Mute alarm 1 2
Start/stop engine 2 4
Open/close breaker 3 8
4

Open/close tie breaker

BitO +Bit1+Bit2 +Bit3 +Bit4 =1+ 2 + 4 + 8 + 16 = OPERATE value 31

¥

Result Display commands
Variable 1 31
Operator Mone w

Variable 2 -

2.3.7 Controller unpowered

Power status and system behaviour

A controller is considered unpowered when it loses electrical power, for example, if the power supply is disconnected.
When a controller is unpowered, the controller protections and functions are inactive.

An unpowered controller:

+ Does not communicate with other system components
* Is not recognised by the system

e s invisible to the system

When a controller detects that another controller in the system is unpowered, the controller activates the following alarms:
e Missing controller ID #
« Missing any controller

Effect of the unpowered controller hardware

DEIF Ethernet network links through the unpowered controller are broken. If a redundant DEIF Ethernet network link is not
available, the controllers on either side of the unpowered controller cannot communicate with each other. If a redundant
DEIF Ethernet network link is available, then the controllers on either side of the unpowered controller communicate
through the redundant link.

Even though a controller relay may be configured as normally energised, it is also de-energised if the controller loses

power.
/\ NOTE

Maritime classification requires backup power supply

Maritime classification approval societies require that there is an independent backup power supply for the
controller. This avoids having an unpowered controller.
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2.4  Controller functions
2.41 Control and command structure

The controllers communicate with each other using the Ethernet connections between controllers. This is a virtual network
referred to as the DEIF network Ethernet. This network is only for the controllers in the controller system.

Commands to start sequences

A controller can automatically start controller sequences. For example, if the available power is too low, then a GENSET
controller in AUTO mode can automatically start and connect the genset.

Alternatively, the controller can receive external commands to start controller sequences. For example, a GENSET controller
in Manual mode can respond to an external command to start the engine. If the controller is in AUTO mode, then the
controller displays an info message and ignores the external command.

An external command can only start a sequence if all the conditions are met, and the controller mode allows the external
command to start the sequence.

The controller provides several different ways in which to start the same sequence. The following table lists the various
types of commands.

Commands to start sequences

Commans——— Those ype e

The controller parameters are set so that the controller starts the

genset when the available power is too low.
The controller starts the

sequence.

AUTO Internal
The controller calculates that the available power is too low, and starts
the sequence to start the genset.

The operator presses the Start° button on the display unit.
The operator presses a push-

button on the display unit. Gl e

The controller gets the command over the DEIF network Ethernet, and
starts the sequence to start the genset.

A button on the switchboard is wired to a digital input on IOM3.1 in slot
6 (terminals 22 and 23) of the controller rack. These terminals are
assigned the Engine > Command > Start engine function.

A digital input, which is
assigned an external command Manual External The operator presses the button on the switchboard, to activate the
function, is activated. digital input.

The controller detects that the digital input is activated, and starts the
sequence to start the genset.

The operator presses the controller Start0 button on the

The operator selects a virtual Supervision page in PICUS.
display unit push-button on the Manual External

Supervision page in PICUS. The controller gets the command over the DEIF network, and starts

the sequence to start the genset.

A function is programmed in CustomLogic. The CustomLogic rung has
the conditions that need to be met. There is a Normally open coil with
the function Engine > Command > Start engine at the end of the

CustomLogic activates an
2 Manual External rung.

external command function.

The conditions are met, and CustomLogic activates the function.

Designer's handbook 4189341396C EN Page 43 of 489



Conmana e [typeJprampe

The controller detects that the function is activated, and starts the
sequence to start the genset.

A PLC has a Modbus connection to the required controller. The PLC
writes 1 (True) to Modbus address 1000 in the discrete output coil
using the Modbus function code 05 or 15.

Using Modbus communication,

an operator, a SCADA system,

or a PLC sets a Modbus Manual External
address in the function group

Command to 1 (True). The controller gets the command, and starts the sequence to start the

genset.

The controller ignores the command and displays an information message if the controller cannot execute the command.
For example, if a GENSET controller is in Switchboard control, it ignores a Start engine command. The controller displays
the info message Engine start not possible in SWBD.

2.4.2 Controller input and output functions

Each type of controller has a default configuration. After you assign a function to an input or output, you can assign
parameters to that function.

Most of the controller inputs and outputs can be assigned any function. Functions are not restricted to specific hardware
modules.

The controllers allow the same function to use a number of alternative types of inputs and/or outputs. This makes the
controllers very versatile and compatible with a wide range of assets and systems.

For example, a generator breaker close can be initiated by the power management for a GENSET controller in AUTO mode.
Alternatively, if the GENSET controller is in Manual mode, an operator using the display, PICUS, a digital input, CustomLogic,
CODESYS, or an external system using a Modbus command can initiate the generator breaker close. Similarly, the generator
speed can be controlled using an analogue output, or CAN bus communication to the engine.

The DEIF network allows information from all the controllers to be used by any of the controllers. For example, with power
management, the analogue and digital inputs and outputs for a heavy consumer can be connected to a SHAFT generator
controller. The SHAFT generator controller shares the power management information with the rest of the system, even if
the shaft generator itself is not connected while the heavy consumer is active.

2.4.3 Input source precedence

Each controller can receive inputs from a number of sources.

Digital input functions
Digital input functions can be activated by wiring connected to hardware, Modbus and/or CustomLogic coils.

Guidelines for digital input functions:

1. If a digital input function is assigned to hardware, you cannot assign that function to a CustomLogic coil (that is, a
normally open or normally closed coil).

2. If a digital input function is assigned to a CustomLogic coil, you cannot assign that function to hardware.

« |If you try to assign a digital input that is already assigned to a CustomLogic coil to hardware, it may seem possible.
However, if you refresh the hardware view, you will see that the input has not been assigned.

3. If a digital input function is assigned to CODESYS, the function will not be available in the hardware. If the function has
already been assigned to the hardware, an alarm will occur.

4. For pulse functions:

a. If there is a command from Modbus, then the controller can activate the function. This is true even if the function is
assigned to hardware.

b. The controller always responds to the most recent input, without considering the source.
5. For continuous functions:
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a. If the function is assigned to hardware: If Modbus sends a command, then the command is not allowed and has no
effect.

b. If the function is not assigned to hardware: If Modbus and CustomLogic send conflicting signals, then the controller
uses the CustomLogic signal.

Commands from display have the same precedence as wiring connected to hardware.

Analogue input functions

Analogue input functions can receive inputs from wiring connected to hardware, Modbus, CustomLogic coils, and/or
CODESYS.

Guidelines for analogue input functions:

1. If the analogue input function is assigned to hardware, Modbus can only read the input value. Modbus, CustomLogic,
and CODESYS cannot modify the input value.

2. If the analogue input function is not assigned to hardware, Modbus, CustomLogic, and CODESYS can modify the input
value.

3. If Modbus, CustomLogic, and/or CODESYS send conflicting signals, then the controller uses the CustomLogic or
CODESYS signal.

2.4.4 Alive function

To confirm that the controller is operational, a digital output can be configured to activate for a specified amount of time in a
time period. If the signal does not repeat within the defined time period, then the controller is no longer operational.

Digital output (optional)

T N

The output is set to high for the Duty cycle time each Period.

Local > Alive Digital

> Alive output Pulse For example, if the Duty cycle is set to 50 % and the Period is set to 2 s, then the

output is high for 1 s and low for 1's. This signal repeats while the controller is
operational.

Parameters

Local > Alive > Alive configuration

The percentage of the Period that the signal is high.
Duty cycle 0.01t0100.0 % If the Duty cycle is setto 0 %, then the I/O output is always low.

If the Duty cycle is set to 100 %, the output is always high.

Period 0.10 to 60.00 s The time between the start of a high signal to the start of the next high signal.

2.5 Nominal settings
2.51 About the nominal settings

The controller nominal settings are used in a number of key functions. These include power management and protections.
Many protection settings are based on a percentage of the nominal settings.

Each controller can store four sets of nominal settings. You can easily change the active set of nominal settings by
changing the parameter, using a digital input, analogue input, or an external source (for example, Modbus).

Designer's handbook 4189341396C EN Page 45 of 489



Always check that the conditions are safe to change the nominal settings. Changing nominal settings while a genset is
running with a load could lead to unexpected actions. For example, the generator breaker can trip due to an under
frequency alarm when changing the nominal frequency from 50 Hz to 60 Hz.

The nominal settings for the controller are mainly the alternating current (AC) settings. Changing the nominal settings set
also changes the engine nominal speed, and analogue governor and AVR offsets.

More information
See each controller type for the controller's nominal setting parameters.

Input and output functions

T [ i

Local > Nominal settings >
Controller nominal setting > Digital input
Nominal settings #*

Local > Nominal settings >
Controller nominal setting > Digital output
Nominal settings # selected*

Local > Nominal settings >
Analogue

Controller nominal setting >
input

Nominal settings #*

Local > Nominal settings >
Analogue

Controller nominal setting >
output

Nominal setting selected

NOTE *#is1to 4.

Parameters

Pulse

Continuous

Supervised
binary input

Oto3

The controller changes the active nominal setting
group to the nominal setting group assigned to
the digital input.

Activated if the active nominal setting group is the
same as the nominal setting group configured to
the output.

The controller changes the active nominal setting
group to the nominal setting group assigned to
the analogue input. The input signal is treated by
the controller as a pulse signal.

The controller outputs a number correlating to the
active nominal setting group. Where Nominal
setting 1is zero.

Local > Nominal settings > Controller nominal setting

et [hnge e

« Nominal settings 1
« Nominal settings 2

The selected nominal setting group for the controller when Source is set to Local.

Changing the nominal setting group using a digital input, analogue input, or
external command changes this parameter.

Local: The nominal setting selection is independent of the power management
rules. The selected nominal setting is the same regardless of the active power

Changing the nominal setting group with a digital input, analogue input, or external

Selection . .
+ Nominal settings 3
« Nominal settings 4
management rule.
e Local
Source  Power management

rules

command, changes the nominal setting Selection parameter for the local settings.

Power management rules: The nominal setting depends on the active power

management rule. Each power management rule can determine which set of
nominal settings should be active at a given time.

Changing the nominal setting group with a digital input, analogue input, or external
command, changes the nominal setting Selection parameter for the active power
management rules.
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Power management nominal setting parameter

Power management rules > Configuration #* > Nominal settings > Controller nominal
setting

oot Jange s

The selected nominal setting group for the controller when the Source parameter
* Nominal settings 1 (Local > Nominal settings > Controller nominal settings) is setto Power
: + Nominal settings 2 management rules.
Selection
+ Nominal settings 3
« Nominal settings 4 Changing the nominal setting group using a digital input, analogue input, or external
command changes this parameter.

NOTE *#is1to 8.

2.5.2 Nominal power calculations

Reactive power (Q) nominal

Some alarms and regulators use the nominal reactive power (Q). However, Q is not defined in the controller's nominal
settings. The controller therefore always calculates Q. You can select the method that the controller uses here.

[A-side] > Nominal settings > Nominal settings #* > Calculation method

e S

Q nominal calculated: The controller calculates Q nominal based on S
nominal and the power factor.

Reactive e Q nominal calculated ] ]
. . Q nominal = P nominal: The controller uses the nominal power as the nominal
power (Q) e Qnominal = P nominal .
. reactive power.
nominal

¢ Qnominal = S nominal

Q nominal = S nominal: The controller uses the nominal apparent power as
the nominal reactive power.

No calculation: P nominal has the value entered in the Power (P) nominal
parameter. S nominal has the value entered in the Apparent power (S)
nominal parameter.

¢ No calculation
P or S

nominal e P nominal calculated P nominal calculated: The controller uses the nominal apparent power (S)

« S nominal calculated and nominal power factor (PF) to calculate the nominal power.

S nominal calculated: The controller uses the nominal power (P) and the
nominal power factor (PF) to calculate the nominal apparent power.

NOTE *#is1to 4.

2.5.3 Power transformer
You can use a step-up or step-down power transformer.

Parameters

Power transformer > Nominal settings # *

N S T S

Use nominal voltages: The controller uses the nominal

Winding nominal voltage e Use nominal voltages .
voltage settings.

source e User defined
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paameter———rnge e

User defined: The controller uses the values configured
below for voltage settings.

[B-side] side winding nominal .
e 10.0 VACto 1.5 MV AC  Voltage on the B-side.
voltage

[A-side] side winding nominal i
o 10.0 VACto 1.5 MV AC  Voltage on the A-side.
voltage

Phase shift -180.0 to 180.0° Phase shift value in degrees (°)

NOTE *#is1to 4.
** These parameters are only visible if Winding nominal voltage source is setas User defined and written
to the controller.

2.6  Alarms and protections
2.6.1 How alarm processing works

The controller alarms prevent unwanted, damaging, or dangerous situations from occurring. The alarm handling is an
adaptation of the ISA 18.2 standard. You can configure alarm parameters to suit your design and operational needs. To
protect the system, you can not change the configuration for some alarms.

Some of the alarms are Enabled by default in the controller. You can enable or disable certain alarms and configure their
alarm settings (typically the Set point and Delay) as required.

An alarm is detected when the Alarm condition is met (typically, the operating value reaches the Set point), the controller
starts the Time delay. During this period the controller checks whether the Alarm condition remains active. If the Alarm
condition is not longer active, the alarm is not activated. If the Alarm condition continues after the time delay has expired
the Alarm action is activated.

Designer's handbook 4189341396C EN Page 48 of 489



1. The controller detects an Alarm condition.
2. The controller checks if the alarm is enabled:

¢ |[f the alarm is not enabled the controller

1 ignores the alarm.
3. The controller checks if the alarm has an active
Alarm inhibit.
detected

o If the alarm has an active inhibit the
controller ignores the alarm.

4. The controller checks if the Alarm condition is
still active:

« If the Alarm condition is no longer active the

Enabled controller ignores the alarm.

?
alarm? 5. While the Alarm condition is active, the

controller checks if the Time delay has expired:

« If the Alarm condition is no longer active
before the Time delay expires, the controller

Inhibit ignores the alarm.

active?

o If the Alarm condition continues and the
Time delay expires, the controller activates
the alarm and the Alarm action.

Alarm
condition?

ALARM

The alarm results in both a visual and audible indication (subject to design of your system) for the operator. The system
controls the alarm states as necessary based upon the operational conditions.

Some alarms can be configured to be automatically acknowledged. Auto acknowledge can be useful during commissioning
and troubleshooting. However, DEIF does not recommend Auto acknowledge during normal operation. The Auto-
acknowledge feature is not be approved for use by some Maritime classification societies.

During operation the system continues to monitor the Alarm condition(s) and moves alarms between different states as
necessary. Operator action can also move the alarm(s) to other states.

/\ CAUTION

Incorrect alarm configuration

Incorrect configuration of the alarm parameters could result in unwanted operational conditions and possible
injury to personnel or damage to the equipment.
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2.6.2 Alarm parameters

The alarm settings are configured as parameter settings in the controller. Some alarm settings are not configurable.

© 0O N O

1
12
13
14
15
16

17

18

7(?) Over-current 2
— Set point

— Reset hysteresis

Delay

Action

Advanced

Inhibit

Auto acknowledge
Latch

Suppress action

Severity

Commissioning
Actual value
Timer remaining
Counter

State

Test state
Inhibit

Reset counter value

Alarm test

110.0

0.0

60.00

Trip generator breaker

<]

High

0%

20s

0

No alarm
Stop test

None

%

%

I T S

1
2
3
4
5

6

Enable

Set point

Reset hysteresis
Delay

Action

Inhibit (s)
32

1 to

Auto acknowledge

Latch

Suppress action

Not enabled,
Enabled

Varies
Varies

Varies
Varies
Not enabled,

Enabled

Not enabled,
Enabled

Not enabled,
Enabled
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Enabled alarms activate in the system if the Alarm condition occurs.

The setting at which the alarm activates.
See Reset hysteresis for more information.
A time delay before the Alarm action becomes active.

The Alarm action to be taken.

Inhibit(s), that if active, can inhibit the alarm from becoming active.

If Enabled the alarm is automatically acknowledged when it occurs. *

If Enabled the alarm is latched when it occurs and requires both
acknowledgement and reset (unlatch) to clear the Alarm action.

If Enabled the alarm action is suppressed. The alarm message will appear
in the alarm list.
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I

Use severity to mark the alarms with Red (High), Orange (Medium), or

High Yellow (Low) on the display unit.
10 Severity Medium
Low This has no effect on how alarms processing, priority, or any actions
taken.
1 Actual value The value of the operating value for the alarm.
12  Timer remaining The time remaining on the alarm timer.
13  Counter The number of times that the alarm has been activated.
14  State The alarm state.
15  Test state The test state.
16 Inhibit List of the alarm inhibits that are active.
Reset counter
17 Set or reset the alarm counter value.

value

Select Start test to start an alarm test. Starting an alarm test also
activates the alarm action.
18  Alarm test tStatrt test, Stop
es

Select Stop test to stop the alarm test.

Set point

The Set point is the reference value that is compared by the controller to decide whether the Alarm condition is present in
the system.

When the operating value, that the alarm is based on, reaches the Set point, the controller starts the Time delay (if
applicable) for the alarm. The Set point is often a percentage of the controller's nominal setting. Most alarms require a Set
point to be configured.

For example, the Set point for the Over-current 1Talarm can be 100 %. This means that the current from the asset must be
100 % (or more) of the nominal current to activate the alarm.

Reset hysteresis

The Reset hysteresis prevents the operating value from being too close to the alarm Set point when the alarm is reset. The
Reset hysteresis makes the system more stable by imposing hysteresis on the alarm Set point. The Reset hysteresis is a
value that is subtracted from the set point of high alarms (and added to the Set point of low alarms).

A Reset hysteresis can only be used where the alarm is based on an analogue value.

» Overspeed example Value
I C
Set /\/\
An Overspeed alarm with a Set point of 110 % of nominal speed and a Reset point
hysteresis of 10 %. The alarm cannot be reset until the operating value falls / \
below 100 % of nominal speed. The red line in the figure shows that the alarm Reset / .
is activated when the value exceeds the Set point. The alarm is only 0 ~
deactivated when the value drops below the reset value. time
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s Under-speed example

Value \
)\ A
An Under-speed alarm with a Set point of 80 % of the nominal speed and a Reset \ /
Reset hysteresis of 5.0 %. The alarm is only reset when the operating value is
above 85.0 % of the nominal speed =Gl
’ ’ point \/\_/

time

Delay

When the alarm Set point is exceeded and an alarm Delay is configured, the controller starts the timer for the alarm. If the
operational value stops exceeding the Set point, the timer is stopped and reset. If the value exceeds the alarm Set point for
the whole of the Delay, the controller activates the alarm.

Delay for a high alarm based on an analogue operating value

Value A Zt ® Zt A
et jy\} delay y

point / S——"—

0 >
time

Delay for a high alarm based on a digital input

Digital

input 4 Z g A
.t;}, #{

HIGH — —

LOW >

Time
The total delay before the alarm Action is activated is the Operate time for the alarm plus the Delay parameter.
Trigger level
If the reference value must be equal to or higher than the Set point to activate the alarm, a High Trigger level is selected in

the alarm configuration.

Similarly, if the reference value must be equal to or lower than the Set point to activate the alarm, a Low Trigger level is
selected in the alarm configuration.

For most alarms the Trigger level is set and cannot be changed. Custom 1/O alarms can be configured for High or Low
setting of the Trigger level.

Auto acknowledge
When Auto acknowledge is selected, the alarm is immediately marked as acknowledged in the alarm display when the

alarm is activated.

Alarms that have a Latch configured, even if automatically acknowledged, still require unlatching by the operator.
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Action

The Alarm action is the response that you allocate to the Alarm condition. Each alarm can only be assigned one Alarm
action. The controllers are delivered with pre-defined alarm actions. You can change the Alarm action for most alarms.

Alarm actions are used to assign a set of responses for each alarm. Each Alarm action consists of a group of actions that
the system takes when the Alarm condition is met. Alarm actions act as a type of alarm categorisation. Minor alarm
situations may be assigned warnings, while a critical situation may trip the breaker and shutdown the genset.

The Alarm actions are effective as long as the operating value exceeds the alarm Set point (including the Reset hysteresis if
configured) or the alarm is latched.

Priority of alarm action

If two or more alarm actions are active for the same asset at the same time, the controller performs the Alarm actionwith
the highest priority. A later Alarm actionwith a lower priority does not change the controller's execution of the earlier Alarm
actionwith the higher priority. Similarly, if a more severe Alarm action is activated after a less severe Alarm action, the
controller performs the more severe Alarm action.

e Alarm action priority example

) X

One alarm activates Trip generator breaker and stop engine, and at the same time another alarm activates Trip
generator breaker and shutdown engine. Trip generator breaker and stop engine includes a cooldown period,
while Trip generator breaker and shutdown engine does not. The controller shuts down the engine without cooling,
regardless of the order of the alarms.

Inhibits

Inhibits stop the Alarm action. When an inhibit is active, the controller does not activate the Alarm action, even if all the
other alarm conditions are met. Inhibits are automatic and are not controlled by the operator.

If an inhibit with active conditions is created for an active, unacknowledged alarm (with or without a latch), then the alarm
state changes to an inactive, unacknowledged alarm (with or without a latch). The alarm must be acknowledged (and
unlatched) before it is removed from the alarm list.

Inhibited alarms are not shown in the alarm list, unless they have occurred and are unacknowledged before they were
inhibited.

The controller types are delivered with default inhibits for each alarm. You can remove these inhibits, and/or add more
inhibits. In addition to the default inhibits, you can also configure three customisable 1/O inhibits for selection.

More information
See Customised inhibits for how to configure customisable I/O inhibits.

For example, for a GENSET controller, for generator under-voltage, the inhibits Engine not running is selected. This means
that if the genset is either starting up, or if there is no running detection, the generator under-voltage alarm is disabled.

In addition to the default inhibits available, some alarms include permanent inhibit conditions. These inhibits are not
configurable, and are described under the alarm that uses them.

For some alarms, inhibits are not applicable. The controller will not allow you to select any inhibits for these alarms.
Suppress action
For all controller types, an alarm action is suppressed when Suppress action is Enabled for the alarm, and the function

Alarm system > Additional functions > Suppress alarm action is activated by a digital input, PICUS, Modbus,
and/or CustomLogic.

If the Alarm action is suppressed, when the alarm is activated, the alarm is shown in the alarm handling system, but the
Alarm action is only Warning.
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For EMERGENCY genset controllers: if there is a blackout, the controller must ensure that power is restored to the
emergency busbar as soon as possible.

For the EMERGENCY genset controller, when Suppress action is selected for an alarm, the Alarm action is suppressed
during the blackout recovery. The alarm is shown in the alarm handling system, but the Alarm action is only Warning.

More information
See Blackout in Power management for how blackout recovery works.

Severity

You can configure the Severity for each alarm, to make sure that the most severe alarms are the most prominent to the
operator. By default, all alarms have a High severity.

Latch

You can configure a Latch on any alarm. When an alarm with a Latch is activated, the Alarm action remains in force until
the alarm is acknowledged and then reset (unlatched). Alarm latching provides an extra layer of safety.

For example, you can create a low oil pressure alarm with a latch and a Trip generator breaker and shutdown engine alarm
action. Then, if there is low oil pressure, the controller trips the breaker and stops the engine. The engine remains stopped
and will not be able to start until the alarm is reset.

NOTICE

Effective action with latch

0 Enabling a Latch on an alarm is not enough for safety protection. To be effective, the alarm must also be
Enabled, and the alarm Action must be effective against the unsafe situation. For example, a Latch on an alarm
with the action Warning offers little extra protection.

Enable *
Some alarms can be Not enabled or Enabled, according to your requirements.

If the alarm is Not enabled, it does not respond to changes in the operating values, and is never activated.

If the alarm is Enabled, it is activated when the alarm Set point and Delay are exceeded. However, if the conditions for one
or more inhibits are met, then the alarm and its Action are inhibited, and not activated.

Do not change an active alarm to Not enabled. If you change an active alarm to Not enabled the Alarm action continues.
The Alarm action cannot be reset until after the alarm is enabled again.

NOTE * Some alarms settings are not configurable. You can not configure some alarms, as the system must maintain a
basic level of protection.
Alarm test

The alarm test activates the alarm and its Alarm action. You can use the alarm test parameter to test individual alarms, for
example, during commissioning.

NOTICE

Alarm tests activate alarm actions

0 Alarm tests activate alarm actions, some of which can force the system to switchboard control, trip breakers,
create a blackout, and shut down engines. Use extreme care when performing alarm tests during normal
operation.
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Alarm tests of individual alarms can be stopped one at a time using the parameter, or at the same time using the Stop test
button on the Alarms page in PICUS.

Additional alarm information

The additional alarm information provides information about the state of the alarm. This information can be useful during
commissioning and trouble shooting.

Reset counter value Changes the Counter parameter value to the selected value.

2.6.3 Operate time

The operate time is the total time that the controller takes to respond to a change in the operating conditions. A part of the
operate time is determined by the controller hardware characteristics. The rest of the operate time can be adjusted by
changing configurable controller parameters.

The controller operate time is listed for each AC protection. The operate time starts when the AC conditions change so that
the alarm set point is exceeded. The operate time is completed when the controller has changed its output accordingly.

Operate time = measurement time + calculation time + time to change the controller output +
delay

o Operate time example

\/

The over-voltage protection has an operate time of < 100 ms listed on the data sheet. For Over-voltage 1, you can
configure a delay from 0.00 to 3600.00 s.

If the delay is 5.00 s, the controller does the Over-voltage 1 alarm action 5.10 s after the alarm set point is
exceeded.

2.6.4 Alarmlevels

Alarm levels refers to configuring a number of alarms for one reference value. For each alarm level, the Set point, Delay,
Alarm action and other parameters are configured.

Example of alarm levels

This example shows the B-side voltage alarms that are present by default, that is, Busbar over-voltage 1, Busbar over-
voltage 2, Busbar under-voltage 1and Busbar under-voltage 2.

Designer's handbook 4189341396C EN Page 55 of 489



— A\

115 }
— A } Over-voltage 1

Over-voltage 2

105
100 — No voltage alarms
95

Under-voltage 1

80

Voltage [% of nominal voltage]

Under-voltage 2

I I I I >
0 1 2 3 4 5 Delay [s]

If the operation is in the green area, the controller does not activate any busbar voltage alarms.

In the example, an over-voltage Warning alarm is activated if the busbar voltage has been over 105 % of the busbar's

nominal voltage for 5 seconds. If the busbar voltage is over 115 % of the nominal voltage for more than 3 seconds, the
controller activates the Trip [Breaker] alarm action. Both alarms will be active if the busbar voltage is over 115 % of the
nominal voltage for more than 5 seconds. The alarm action Trip [Breaker] has a higher priority than Warning.

The graph shows two protection levels for under-voltage. In the example, if the busbar voltage is under 95 % of the nominal
voltage for more than 5 seconds, a Warning is activated. If the busbar voltage is under 80 % of the nominal voltage for
more than 3 seconds, the Trip [Breaker] Alarm action is activated.

2.6.5 Alarm processing states

Alarms can be active in the system in different states:

Alarm Alarm
Not

Normal state

State A - Not active . = . .
active e The alarm is not active in the system.
Unacknowledged alarm
* An alarm condition occurred.
. . « An alarm action is active.
State B A A Active Active  Unacknowledged
or e An alarm requires acknowledgement.

» An alarm requires action to clear the alarm
condition.

Acknowledged alarm

e An alarm condition occurred.

. . e Analarm action is active.
State C A A Active Active Acknowledged
or e An alarm is acknowledged.

e An alarm requires action to clear the alarm
condition.

Normal state but unacknowledged

. Not « An alarm condition occurred, but was cleared.
A A Not active
or

State D Unacknowledged

active e An alarm action is inactive.
e An alarm requires acknowledgement.
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Alarm Alarm

Unacknowledged latched alarm
e An alarm condition has cleared.
State E © Not active Active  Unacknowledged e« An alarm action is active.
of e An alarm requires acknowledgement.

e An alarm latch requires reset.

Acknowledged latched alarm
e An alarm condition has cleared.
State F ) Not active Active Acknowledged ¢ An alarm action is active.
or e Analarmis acknowledged.

e An alarm latch requires reset.

Shelved alarm

State G V r Active or Not Not e An alarm is shelved for a period of time.
v ; o -
or active active « An alarm returns automatically after the period
has expired.
Active or N N s
State H ® @ ct €0 ot .Ot - An alarm is inhibited to occur.
or active active
Out of service alarm
Active or Not Not e Analarm is marked out of service for an
State | x G . . = indefinite period.
or active active

e An alarm does not return automatically and
must be returned to service manually.

The three special Shelve (Stage G), Inhibited (Stage H), and Out of service (State I) are not shown in this diagram.
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alarm latch latched alarm
Alarm
condition?
NOTE

Operator
acknowledges
alarm

State E
r<+——— Unacknowledged
latched alarm

Alarm
condition?

State D
Return to normal
Unacknowledged
alarm

Alarm
condition?

E—

Operator
acknowledges

alarm

Alarms configured with a Latch continue to have the Alarm action active even if the Alarm condition is no longer

active. The alarm requires first acknowledgement and then reset by an operator before the alarm can be cleared

and return to normal.

Inhibited, Shelved, or Out of service alarms are forced to be not active in the system, even if the Alarm condition is

present.

2.6.6 Alarm actions

The controller controls the following automatic actions:

e Horn/siren output
¢ Inhibits alarms (if applicable)

* Auto-acknowledges alarms (if configured)

« Controls the alarm state
e Suppress action (if configured)

Operator alarm actions *

An operator controls the following alarm actions:

* Acknowledge

* Shelve

e Out of service

e Latch reset

« Silence alarm horn/siren
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NOTE * The actions an operator can use are controlled by the group and user permissions granted to their login.

2.6.7 Common alarm actions

Controller types All
Priority Low
Effect The controller activates a warning alarm.

Block [Breaker]
Controller types All
Priority -

Breaker closing is blocked: If the breaker is open, the controller will not close it. (If the breaker is

S closed, this Alarm action does not open the breaker.)

PMS-controlled stop
Controller types GENSET, HYBRID, and EMERGENCY genset controllers
Priority Medium
The breaker is de-loaded and then opened. The controller then initiates the stop sequence.

Effect
If the power management system cannot de-load the breaker (for example, because there is not

enough power), nothing happens. This alarm action only opens the breaker when it is de-loaded.

PMS-controlled open breaker

Controller types SHAFT generator, SHORE connection and BUS TIE breaker controllers
Priority =
The breaker is de-loaded and then opened.

Effect
If the power management system cannot de-load the breaker, nothing happens. This Alarm

action only opens the breaker when it is de-loaded.

Trip generator breaker

Controller types GENSET, EMERGENCY genset and SHAFT generator controllers
Priority High
Effect The controller trips the genset or shaft generator breaker (that is, without de-loading).

Controller types HYBRID controllers
Priority High
Effect The controller trips the inverter breaker (that is, without de-loading).

Trip tie breaker

Controller type EMERGENCY genset controller
Priority High
Effect The controller trips the tie breaker to the emergency busbar (that is, without de-loading).
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Trip shore connection breaker

Controller type SHORE connection controller
Priority High
Effect The controller trips the shore connection breaker (that is, without de-loading).

Trip bus tie breaker

Controller type BUS TIE breaker controller
Priority High
Effect The controller trips the bus tie breaker (that is, without de-loading).

Trip generator breaker and stop engine
Controller types GENSET and EMERGENCY genset controllers
Priority High

The controller trips the genset breaker (that is, without de-loading). After the cooldown period,

Eff: .
ect the controller stops the engine.

Trip breaker and stop inverter

Controller types HYBRID controllers
Priority High
Effect The controller trips the inverter breaker (without de-loading) and stops the inverter at the same

time.

Trip generator breaker and shutdown engine

Controller types GENSET and EMERGENCY genset controllers
Priority Highest

The controller trips the genset breaker (that is, without de-loading). The controller shuts down the

Effect engine, without a cooldown period.

Controller types GENSET, HYBRID, EMERGENCY genset and SHAFT generator controllers
Priority High
Effect The controller trips the AVR (that is, stops voltage or reactive power regulation).

Trip generator breaker + AVR

Controller types GENSET, EMERGENCY genset and SHAFT generator controllers
Priority High

The controller trips the genset or shaft generator breaker (that is, without de-loading) and the

2L AVR (that is, stops reactive power regulation).

Designer's handbook 4189341396C EN Page 60 of 489



Controller types HYBRID controllers
Priority High
Effect The controller trips the inverter breaker (that is, without de-loading) and the AVR (that is, stops

reactive power regulation).

Trip generator breaker + AVR + stop engine

Controller types GENSET and EMERGENCY genset controllers
Priority High

The controller trips the genset breaker (that is, without de-loading) and the AVR (that is, stops

S reactive power regulation). After the cooldown period, the controller stops the engine.

Trip breaker and AVR and stop inverter
Controller types HYBRID controllers
Priority High

The controller trips the inverter breaker (that is, without de-loading) and the AVR (that is, stops

Effect . . .
reactive power regulation). The controller stops the inverter.

Trip generator breaker + AVR + shutdown engine

Controller types GENSET and EMERGENCY genset controllers
Priority Highest
Effect The controller trips the genset breaker (that is, without de-loading) and the AVR (that is, stops

reactive power regulation). The controller shuts down the engine, without a cooldown period.

Stop inverter

Controller types HYBRID controller
Priority High
Effect The controller stops the inverter without checking the breaker position.

2.6.8 Acknowledge an alarm

Alarms must be acknowledged. The operator must take action regarding the Alarm condition. The operator can mark the
alarm as acknowledged. Alarms that have Auto-acknowledge do not require acknowledge by operator action.

NOTICE

ﬁ Active alarm action
Acknowledging an alarm has no influence on the alarm Action.
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Acknowledgement status and operator actions

Acknowledged? Alarm condition? Required operator actions

The alarm condition must be corrected.

Active Active e The alarm must be acknowledged.
Latch e The alarm must be reset (unlatched).
Inacti Act e The alarm must be acknowledged.
nactive ctive
LU e The alarm must be reset (unlatched).
. . e The alarm condition must be corrected.
Active Active
No latch e The alarm must be acknowledged.
Inactive Inactive e The alarm must be acknowledged.
. . e The alarm condition must be corrected.
Active Active
e The alarm must be reset (unlatched).
Latch
Inacti Acti e The alarm condition must be corrected.
nactive ctive
AR e The alarm must be reset (unlatched).
Active Active e The alarm condition must be corrected.
No latch
Inactive Inactive e No further action is required.

NOTE * Alarm action is controlled automatically by the controller.
Inhibited, shelved, and out of service alarms all have an inactive alarm Action.

Digital inputs

Funcion 0 e oo

Alarm system > Command > s When this input is activated, the controller acknowledges all
Digital input Pulse

Acknowledge all alarms its alarms.

Power management > When this input is activated, the controller acknowledges all
Acknowledge all alarms in Digital input Pulse its own alarms, along with all the alarms in all the other
system controllers in the system.

2.6.9 Alarm latch and reset

An additional layer of protection can be added by using a Latch on most alarms. When a Latch is Enabled on an alarm,
there is an extra confirmation that must be made by the operator, before the alarm can be cleared. The Alarm action
remains active, even if the Alarm condition clears, until the operator resets the latched alarm.

A latched alarm can only be reset by an operator after both the alarm has been acknowledged and the Alarm condition has
cleared. Acknowledging the alarm does not Reset the alarm latch.

For example, you can configure a low oil pressure alarm with a latch enabled, with a Trip generator breaker and shutdown
engine alarm action and an Engine not running inhibit. If there is low oil pressure, the controller trips the breaker and shuts
down the engine. The engine remains stopped and will not be able to start until the operator acknowledges the alarm AND
resets the latch.
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Alarm
condition
clears?

Alarm
has a
latch?

Alarm
acknowledged?

6.
State E or F
ALARM
7. 8'
Alarm Operator
acknowledged? acknowledges
alarm
A
Operator
resets
alarm latch

State A
NORMAL

2.
3.
5.
4.
Operator
acknowledges
No alarm

State A
NORMAL

An alarm activates in the system as either:

+ Unacknowledged (State B)

e Acknowledged (State C) *

The controller checks if the Alarm condition has cleared.

« [If the Alarm condition continues, the Alarm action
remains active.

The controller checks if the alarm has a latch configured:

« If the alarm has a latch configured, the controller
continues from step 6.

The controller checks if the alarm is acknowledged:

o |If the alarm is acknowledged the alarm returns to
normal State A.

The operator acknowledges the alarm. After the
acknowledgement the alarm returns to normal State A.

A latched alarm in the system is either:

+ Unacknowledged (State E)

e Acknowledged (State F)

The controller checks if the alarm is acknowledged:

« If the alarm is acknowledged, the controller continues
from step 9.

The operator acknowledges the alarm, and the alarm the

latch can then be reset.

The operator resets the latch on the alarm, and the alarm
returns to normal State A.

NOTE * The alarm may have Auto-acknowledge configured. Auto-acknowledge can be useful during commissioning and
troubleshooting. However, DEIF does not recommend the use of Auto acknowledge during normal operation. The
Auto-acknowledge feature is not be approved for use by some Maritime classification societies.

Digital input (optional)

N R

Alarm system > Command > Reset
all latched alarms

2.6.10 Shelve an alarm

Digital input Pulse

The controller resets all latched alarms (that are ready to be
reset) when this input is activated.

The operator can shelve each alarm for a period of time, during any alarm state (except if the alarm is already Out of

service).

If an unacknowledged alarm is shelved, the alarm is automatically acknowledged. If a latched alarm is shelved, the latch on
the alarm is reset. While the alarm is shelved, the alarm action is not active.

When the period expires, the alarm is automatically unshelved. Alternatively, an operator can manually unshelve the alarm.
The alarm then responds as normal to alarm conditions.
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/\ CAUTION

Shelved alarms

Shelving certain alarms can disable critical protections. In addition, shelving automatically acknowledges the
alarm and resets the latch.

1. 1. The alarm can be in any state.
»  Any state 2. The operator shelves the alarm for a specific period of time.
3. The alarm is now shelved (State G).
9 v 4. The operator unshelves the alarm, the alarm returns back to its original
Operator state.
Shelves 5. The controller checks if the shelve period has expired:
alarm
« If the shelve period has not expired, the alarm remains as shelved.
4. . The system unshelves the alarm if the shelve period has expired.
Operator
Unshelves State G
alarm Shelved

System
Unshelves
alarm

Return

2.6.11 Out of service an alarm

You can take any alarm Out of service, during any alarm state (except if the alarm is already Shelved). When an alarm is Out

of service, the alarm is suspended indefinitely.
/\ CAUTION

Out of service alarms

Taking certain alarms Out of service can disable critical protections. In addition, taking Out of service
automatically acknowledges the alarm and resets the latch.
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1. 1. The alarm can be in any state.
Any state 2. The operator removes the alarm from service.
3. The alarm is now out of service (StateI).
2 v 4. The operator returns the alarm to service, the alarm returns back to its original state.
Operator
Removes from
service

State |

Out of service

Operator
Returns to
service

v

Return

NOTE The system does not automatically return an Out of service alarm, an operator must perform this action.

2.6.12 Alarm test

An alarm test activates the controller alarms and all their Alarm actions. You can activate alarm tests from the PICUS
Alarms page, or by starting an alarm test for an individual alarm using the alarm's Alarm test parameter.

/\ CAUTION

Do not use during normal operation

DO NOT use the alarm test during normal operation. The alarm actions will force the system under switchboard
control, trip all the breakers, and create a blackout.

More information
See Alarms in the PICUS manual for the alarm test buttons available on the Alarms page in PICUS.

Before the test

Make sure that a blackout is acceptable, before you use the alarm test function. Be aware that it may take you some time to
get the system back to normal after an alarm test.

During the test

When the test is Enabled, the alarms appear on the display and in the alarm list, and are recorded in the log. Test alarms
appear in green text on the display, and are marked with a grey dot in the T column in the PICUS alarm list.

If an alarm was acknowledged before the test, the alarm status changes to unacknowledged during the alarm test.

If an alarm is acknowledged during the test, the alarm remains on the alarm list, and the alarm action continues until the
alarm test stops.

« Latched alarms: Alarms with latches can be acknowledged and the latches reset manually during the test. If an alarm
latch is reset during the test, then the alarm is removed from the alarm list, and the alarm action stops.

« Shelved alarms: The alarm test unshelves these alarms, and they remain unshelved after the test.
e Out of service alarms: The alarm test returns these alarms to service. These alarms remain in service after the test.
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After the test

When the test is Not enabled, the tested alarms remain active until they are acknowledged and, if required, their latches are
removed. The alarms are rechecked, and reactivated if the alarm conditions are still present. All the test alarms remain in
the log, and are indicated with a grey dot in the T column.

Alarms that were acknowledged before the alarm test are still acknowledged when the alarm test stops.

2.6.13 Alarm status digital outputs

You can configure a digital output with a function for an alarm status. The controller activates the digital output if the alarm
status is present.

Applications
A digital output with an alarm status may be wired to a switchboard light, to help the operator. For example, you can
configure an output with the Alarm system > State > Any latched alarm function, and wire it to a light on the

switchboard. When there are any alarms with active latches, the light is lit. The operator then knows that there are alarms
that must be checked and unlatched.

Alarm test
The alarm test activates these outputs. Acknowledging the test alarms deactivates the outputs.

2.6.14 Customising alarms

You can customise the alarms for your system by configuring the alarm parameters. The parameters that you can configure
are restricted for some alarms.

You can also create custom alarms for the input/output configurations for both analogue and digital terminals.

Limitations on alarm parameters that cannot be customised

The list of alarms is fixed, and you cannot add more alarms.

Additional alarms . . . . . o
If an alarm is not available, you can set it up in CustomLogic. However, it will not be part of the

alarm list, or the alarm management system.

Some alarms cannot be disabled. For example, the Phase sequence error protection (which
Certain alarms prevents synchronisation when the phase sequence is not the same on either side of the
breaker) is always Enabled.

You cannot change certain alarm actions. For example, for Voltage or frequency not OK, the

Certain alarm actions L .
action is always Block, to stop the breaker from closing.

You cannot create additional alarm actions. You can only choose alarm actions from the list of
alarm actions.

Additional alarm actions

You can set up responses to operating values or conditions in CustomLogic, but these will not
be available as alarm actions to the alarms.

You cannot add more inhibits to the list of inhibits available for selection for the controller type.
For example, you cannot select the Tie breaker closed inhibit, as this is not applicable to the

Inhibits that are not GENSET controller.

configured for the

controller type o . o
However, there are three custom inhibits for each controller. You can activate a custom inhibit

using a digital input, Modbus, and/or CustomLogic.

Change the Trigger level Most alarms have a fixed Trigger level. For example, Busbar over-voltage is always a High
for certain alarms alarm, while Busbar under-frequency is always a Low alarm.
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2.6.15 Customised inhibits

In addition to the default inhibits, you can also use three custom inhibit functions (Inhibit 1, Inhibit 2 and Inhibit 3). You can
activate a custom inhibit using a digital input, PICUS, Modbus, CustomLogic, and/or CODESYS.

Digital input
Funcon Jyo_|Type petals
Alarm system > Inhibits > When the digital input is activated, then the

Digital input Continuous

Activate inhibit #* controller applies Inhibit # *

NOTE *#is1to 3.
If you use CustomLogic, you do not have to wire up a digital input, and assign the Activate inhibit # function to the input.

Parameters
Select the customised inhibit:

[Alarm] > Inhibit > #[number]
Where [Alarm] represents any alarm, and [number] represents the number of the inhibit field.

Inhibit parameters

Range _______________Noes

If you select Inhibit #, and the digital input Activate inhibit # is activated,

The controller inhibits, plus Inhibit # (# is 1to 3) then the controller inhibits the alarm.

2.6.16 Additional functions

Suppress action inhibit

It can be useful to use a digital input function to suppress the alarm action for certain alarms. You can activate the function
using a digital input, PICUS, Modbus, CustomLogic, and/or CODESYS.

Digital input

e S S

Alarm system > Additional

functions > Suppress alarm Digital input Continuous
action

When the digital input is activated, then the controller
suppresses all the alarms with Suppress action enabled.

Group alarm

It can be useful to use a digital input function for a group of controllers. You can activate the function using a digital input,
PICUS, Modbus, CustomLogic, and/or CODESYS.

Digital input

Funeion o e o

Alarm system > Additional s When the digital input is activated, then the controller activates
. Digital input Pulse . .
functions > Group alarm the group alarm in all the controllers in the group.
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2.7 Engine interface communication
2.71 How it works

The controller can receive information from an ECU using CAN bus communication. The information can be used as input
for the controller functions. The controller also uses the information as display values, alarms, and as values to be
transmitted through Modbus.

Most of the engine communication protocols are based on the SAE J1939 standard. J1939 is a very large standard, and
most of it is irrelevant to engine communication. The controller supports only relevant parts of J1939, as described in
Generic J1939.

The ECU is wired to the CAN bus communication to the controller, and the ECU is added using the Fieldbus configuration.

More information
See the Engine interface communication manual for how to wire and configure an ECU to the controller.

:ﬂ More information

See the PICUS manual for how to configure Fieldbus and select the ECU protocol.

Once added to your controller, the ECU can be accessed from PICUS or the display as an additional hardware selection. For
example, you can configure the ECU input or output settings, functions, or alarms. You can also include the ECU on the I/O
status page to see the status of the analogue inputs, or see the ECU on Live data. Alarms (DM1) and logs (DM2) can also be
accessed.

Not supported engines
If you have an engine that is not supported in the software, contact DEIF.

2.7.2 ECU power configuration function

This configures how the controller expects the ECU to be powered. The ECU can be powered by:
* The engine run coil digital output

* The ECU power digital output function (see below)

« Externally powered

The ECU must be configured in the Fieldbus configuration for the functions and alarms to be shown.

Digital output

Functon __________________[twe ___oems

Engine > Controls > ECU power Continuous Connect this to the ECU power control.

Parameter
Communication > Fieldbus > CAN bus > ECU > ECU Power configuration

Auto: The controller expects either the engine run coil or ECU power digital output. If neither of these are
Auto configured it is expected to be always on.
Always ON

Always ON: The controller expects the ECU is powered externally and is always powered on.

2.7.3 ECUreset input function

Some ECUs need to be reset after they have run for a number of hours. If the ECU reset input function is enabled, when the
controller gets a signal from the ECU, the controller disconnects the power to the ECU (if the engine is not running).
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Digital input

Fncton e

Engine > ECU > ECU reset input Pulse

2.7.4 Other EIC information

More information
See Engine communication in the GENSET chapter for inputs, outputs, parameters, and alarms.

2.8 Custom parameters
You can configure up to 50 custom parameters for use in CustomLogic, CODESYS applications or Modbus.

Configure custom parameters under Custom parameters.

Custom parameter # *

Not enabled: The parameter is not used.
Enable # Not enabled, Enabled
Enabled: The parameter can be used in a CustomLogic project.

Integer # - 2147483647 to 2147483647 The range for the integer value to be stored.
Float # - 2147480000.0000 to 2147480000.0000 The range for the float value to be stored.

NOTE * # is the parameter number from O to 49.

2.9 CustomLogic
2.91 Use CustomLogic
CustomLogic is used in PICUS to create and configure customised logical operations for use in the system. These functions

are built using ladder logic elements and can include interaction with external equipment, or more advanced logic
interfaces.

More information
See CustomLogic in the PICUS manual for how to use CustomLogic.

2.9.2 Enable CustomLogic

Local > CustomLogic > Configuration

Not enabled: The controller ignores the CustomLogic projects. The inputs and outputs
Not enabled, remain assigned to CustomLogic and cannot be used elsewhere.
Enabled

Enable

Enabled: The controller executes the CustomLogic project.
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2.9.3 Digital inputs and outputs (optional)

Funcion o Tpe —omas

If this input is activated, then the controller activates the
corresponding CustomLogic digital input function.

Local > CustomLogic > .
Digital Pulse/ - .
input continuous The controller can execute the logic in a CustomLogic

input * Project once every 200 milliseconds. If an input signal is not
available for at least 200 milliseconds there is a risk that the
input signal will not be detected by the controller.

Inputs > Custom digital

Local > CustomLogic > . . . . .
Digital Pulse/ If CustomLogic activates the digital output function, then the

Outputs > Custom . i o
output continuous controller activates the digital output.

digital output *

If the parameter Local > CustomLogic >
Continuous Configuration > Enable is Enabled, then the controller
activates this output.

Local > CustomLogic > Digital
State > Is enabled output

NOTE * There are 20 available CustomLogic digital inputs or outputs.

2.9.4 Activate controller outputs

CustomLogic cannot directly activate controller outputs that are configured for controller functions. For example,
CustomLogic cannot activate the Breakers > [Breaker] > Controls > [*B] open digital output.

However, CustomLogic can activate external commands, for example, the [Breaker] > Open command. The CustomLogic
command has the same effect as, for example, the Breakers > [Breaker] > Command > [*B] open digital input. The
controller only follows the external command if the controller is in Manual mode.

2.9.5 CustomLogic and Modbus
Each controller has 80 Modbus signals that can be assigned to contacts and coils.

When a Modbus signal is assigned to a contact, the contact can be activated and deactivated using the correct Modbus
address for the signal number.

When a Modbus signal is assigned to a coil, the state of the coil can be read using the correct Modbus address for the
signal number. It is not possible to use a Modbus interface to write a value to a Modbus signal that has been assigned to a
coil.

2.9.6 Constraints

CustomLogic reset on save

If you make a change to the CustomLogic and then save the change to the controller, all the CustomLogic states and timers
are reset.

CustomLogic under switchboard control
CustomLogic remains enabled when the controller is in switchboard control.

However, the controller does not accept external commands in switchboard control. For example, if CustomLogic activates
a command to open a breaker, the controller ignores the command.

If the logic should not be processed while the controller is in switchboard control, a open normally closed contact should be
added to the logic lines where necessary. Set the normally closed contact to Mode > Inputs > Under switchboard

control.
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210 Date andtime
2.10.1 About date and time settings
The date and time can be set manually from PICUS or the display.

The time is stored locally on each controller, and automatically synchronised between all DEIF controllers connected in the
same network. The alarms, logs, and display unit use the time.

Time master

The time master's time is synchronised to all the other controllers. The synchronisation is achieved by using a Network
Time Protocol (NTP) client and server system. The controller that has been powered ON for the longest time on the Ethernet
network is the time master. When a new controller is added to the network, it fetches the time from the time master in the
network.

If two Ethernet networks with DEIF controllers are joined, then the time from the network with the controller that has been
powered on for the longest is used.

If the time master fails, the controllers in the network determine which controller has been ON the longest. The controller
that has been on the longest, then becomes the new time master.

Synchronisation interval and performance

Each controller checks the time from the time master at regular intervals. The frequency of these checks adapts to the
synchronisation quality. If the synchronisation is poor, then the controller uses shorter intervals between checks.

The time difference can initially be a few seconds. This is adjusted down over time. The time synchronisation can take some
time (for example, 30 minutes) to synchronise the controllers.

Configure > Time settings

ey rarge e

¢ YYYY-MM-DD

¢ YY-MM-DD
¢ DD-MM-YYYY
Date format
¢ DD-MM-YY
¢ MM-DD-YYYY
¢ MM-DD-YY
Date 2018-01-01to 2100-12-31

The adjustment for daylight saving is based on the time zone, and is
automatically applied by the controller.
Time zone Selectable list

Daylight savings is not applied to the controller when you select the
Etc/UTC time zone.

¢ 12 hour
Time format 2T The AM/PM selector for Time is only visible when 12 hour is selected.
. our

e 00:00:00 to 23:59:59
e 12:00:00 AM to 11:59:59 PM

Time

NOTE If a setting is changed on any controller in the network, the new setting is synchronised to all controllers in the
network.
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2.10.2 Set the time manually

Use the Configure > Time settings page in PICUS or the display to set the time manually.

When you change the time on any controller in the network, the new time is shared with all the controllers in the network
through the time master.

211 Event and system logs

Each controller records both system activity and operational or user events.

More information
See Activity logs in Cybersecurity for details on the Event log and Live system log.

212 Test functions
2121 Emulation

With emulation you can run your controllers in a virtual operating mode. During emulation you can simulate various real-
world actions, such as starting or stopping the genset without actually having any genset connected. You can also test and
configure your controller, and mimic inputs or outputs that are configured.

More information
See Emulation in the PICUS manual for how to use and configure the emulation feature.

212.2 Lamp test

The lamp test lights all the LEDs on the display. The test cycles through the LED colours for the time configured in the lamp
test parameters.

During the lamp test a message box is shown on the display.

Lamp test active

Press Stop to end lamp test

Digital inputs (optional)

Foncion oo lowe

Test functions > Lamp test > L Activating this input has the same effect as enabling the
Digital input Pulse .
Start lamp test lamp test Activate parameter.

Test functions > Lamp test > Digital inout  Pulse If this input is activated while a lamp test is in progress, the
Stop lamp test 9 P controller stops the lamp test.
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Parameters

Test functions > Lamp test

Not enabled: There is no lamp test.

Enabled: When the parameter is saved, the lamp test starts. After the lamp test, the

. N nabl -

Activate E:;lfle?jb ed, controller automatically changes the parameter to Not enabled.
Alternatively, you can start the lamp test from the display unit (Tools > Advanced >
Lamp test) or a digital input (see above).

Duration Tsto1h The time for the lamp test.
The time that each colour is lit. The colour cycle is green, yellow, red. The color

Color cycle cycle repeats for the duration of the lamp test.

- Tsto1h

For the default settings, the lamp test will cycle through all the colours twice.

213 CODESYS (optional)

You can add a CODESYS licence to your controller to enable it to run a CODESYS application.

More information
See the CODESYS for information about using CODESYS with the controller.
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3. Cybersecurity

3.1 About Cybersecurity

While DEIF has taken great attention to data security and has designed the product to be a secure product, we recommend
adopting Information Technology (IT) and Operational Technology (OT) security best practices when connecting the
controller to a network.

To minimise the risk of data security breaches we recommend:

e Only connect to trusted networks and avoid public networks and the Internet.
« Use additional security layers like a VPN for remote access.

* Restrict access to authorised persons.

Admin password
To ensure security, change the administrator (User: admin) password the first time that you log in to the controller.

3.2 Permissions
3.21 About permissions

The controllers' configuration and functionality is protected with permission access. Only users with the correct permission
may access, configure, or update the configuration or controller settings.

Permission structure

The permissions consist of Roles and Users in each controller configuration. These are stored locally on each controller, or
can be written to all connected and logged in controllers.

Each user is a member of a role. The role gives the user permissions to associated features or functions of the controller.
You can also remove access from a user as required.

Permissions access enables you to easily control which user can access which function. This provides a layer of control for
the operation of the controller.

NOTICE

0 Permissions access
You can only access the user permissions option if you are a member of a role that has access to that function.

3.2.2 Role settings

Role settings include both Role information and Role permissions.

Role information
The Role information contains the name and automatically recorded changelog.

seting ___|Type _____JFormat _JNotes

Name Manual Text The Role name.

Created Automatic Date Date the role was created.

Changed Automatic Date Date the role was changed.

Editor Automatic Text The user who created or changed the role.
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Role permissions
The Role permissions allow or remove access to features in the software.

Parent permissions are required for any child permissions. For example, to allow access to the feature Emulation (a child),
the role must also have access to Application (the Parent). If you remove a parent permission, all child permissions are
automatically removed.

Some features can be configured for Read and/or Write access. With Read only access the user cannot write or update any
information. Read access is mandatory if you allow Write access.

Feature permissions

Live Data Live Data

Plant configuration

Application Emulation
Supervision
Alarms
Alarm acknowledge
Alarms Alarm reset latch

Alarm out of service
Alarm shelve

Event log
Log Engine interface J1939 DM2
Engine interface J1939 DM2 clear

I/O status I/O status

Print setup

Backup restore

Backup

Restore

Restore configuration
Tools Trending

Regulator status

Alarm test

Firmware

User management

Role management

Date and time
Communication
Input/output configuration
Parameters
Counters

Configure CustomLogic
Modbus
Fieldbus configuration
Fieldbus supervision
Dashboard configuration
Header configuration

Feature toggle

Not assigned a categor
d . Notification configuration
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3.2.3 User settings

setng e Nots

User name Required Minimum 2 characters.
Organisation Optional

Roles Required Selectable from list.
Mobile number Optional

Direct number Optional

Email (primary) Optional

Email (secondary) Optional

Password Required Minimum 8 characters.

3.2.4 Default user

The default administration user is admin. Only admin can access WebConfig.

admin admin Admin

NOTICE

Secure your system
@ Ensure that all default passwords are changed to reduce the security risk to your system. Additionally, it is
recommended to adjust or edit the role and user permissions according to your own operational needs.

NOTICE

Lost passwords

0 Lost passwords cannot be recovered. If you have lost your password you can not configure your controller or
system.

If you have lost your password, then you must use the Factory reset and reconfigure your controller.

3.3 Network communication
3.3.1 Network configuration

The default is to use DHCP to obtain the IP address, subnet, netmask and DNS servers. If you use a manually configured
(static) IP, be careful to make sure that the selected values match the network to which the controller is connected.

Inbound port 443 is opened to allow communication with PICUS.
Inbound port 502 is opened to allow Modbus TCP communication.
Inbound port 80 is opened and re-directed to port 443.

In addition, the controller may use the following ports for application and PLC communication: 123, 5353, 11740, 1217, 12345,
4321,12346, 12350, 12351, 503, 1740, 1741, 1742, 1743, 4840, 8000, 8443.
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3.3.2 Untrusted networks

Connections to untrusted networks may require additional equipment and/or security counter-measures that are not
included in the product.

3.4 CODESYS

If you have a CODESYS license you must connect to the controller and log in using the CODESYS IDE. You can then create a
user account and set the password.

3.5 Activity logs
3.5.1 About activity logs
Each controller records activity of both the system and operational events.

These are recorded in logs:
e Eventlog
e Live system log

3.5.2 Eventlog
This can be accessed with PICUS or the display.

All activities that require a user login are logged with the username. The user can also use the controller for some actions
without logging in (for example, selecting breaker open). These actions are logged without a username.

The controller stores a maximum of 2000 event log entries. When the log is full, the controller discards the excess log
entries using first in, first out.

If an ECU has been configured, you can also switch to see the DM2 logs.

More information
See the PICUS manual or Operator's manual for how to view the Event log.

3.5.3 Systemlog
This can only be accessed with WebConfig and the admin user.

The Live system log records all different system-related events that occur. These logs can be useful for cybersecurity
control, troubleshooting issues, and also for product support.

These logs include:

« System events and journal.

« Connected session access with WebConfig.
o CODESYS related information.

Download logs
You can select and download the system logs directly from the controller as text files.
1. Select Download from Logs.
2. Select the Duration (period) you want to download.
« This can be Latest, Day, Week, or All.
3. Select the Type of log to download.
¢ This can be SYSLOG or RLOG.
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4. Select Download to create a ZIP archive with the log files included.
5. Locate your browser's download location to access the ZIP archive.

SYSLOG
The system log (SYSLOG) archive includes:
« Authentication journal.
o Connected sessions with WebConfig.
* Reliability log.
o Operational values and performance information.
e System journal.
o System operations.

RLOG
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4. AC configuration

41  AC configuration

Phase configuration: AC configuration
This parameter must be the same for all the controllers in the system.

[A-side] > AC setup > Phase configuration

T S

Three-phase: The A-side and B-side are three-phase, and there are
current measurements on all three phases. Voltage and current
measurement on the neutral phase (N) is optional.

Three-phase (2 CT, L1-L3): The A-side and B-side are three-phase.
However, the controller only uses the current measurements on L1and
L3. Voltage and current measurement on the neutral phase (N) is
optional.

Three-phase (L1-L2, CT L1): The A-side and B-side are three-phase.
However, the controller only uses the voltage measurements from L1 and
L2, and the current measurement on L1.

Split-phase L1-L3: The waveforms are offset by a half-cycle (180

e Three-phase degrees) from the neutral wire. This is sometimes called single-phase in
« Three-phase (2 CT, L1- the USA.
L3)
« Three-phase (L1-L2, CT Split-phase L1-L2: The waveforms are offset by a half-cycle (180
L1) degrees) from the neutral wire. This is sometimes called single-phase in
AC e Split-phase L1-L3 e Ui
configuration

o Split-phase L1-L2

. Split-phase L2-L3 The waveforms are offset by a half-cycle (180
e Split-phase L2-L3

degrees) from the neutral wire. This is sometimes called single-phase in

+ Single-phase L1 the USA.
e Single-phase L2
e Single-phase L3 Single-phase L1: The A-side and B-side are single-phase. Use the L1

terminal for the voltage and current measurements (not the L2 or L3
terminals). The current measurement on the neutral phase (N) is optional.

Single-phase L2: The A-side and B-side are single-phase. Use the L2
terminal for the voltage and current measurements (not the L1or L3
terminals). The current measurement on the neutral phase (N) is optional.

Single-phase L3: The A-side and B-side are single-phase. Use the L3
terminal for the voltage and current measurements (not the L1 or L2
terminals). The current measurement on the neutral phase (N) is optional.

Some of the controller protections are irrelevant in a single-phase
configuration (for example, Current unbalance, Voltage unbalance and
Phase sequence).

More information
See System AC configuration in the Installation instructions for examples of three-phase, single-phase wiring,
and split-phase wiring.
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Phase direction: AC phase rotation
Set this parameter if the AC phase rotation is not L1-L2-L3.

This parameter must be the same in all the controllers in the system.

[A-side] > AC setup > Phase direction

Parameter | Range Notes

L1-L2-L3: The global standard phase rotation is L1-L2-L3. Using an alternative wiring can lead
to confusion, fatal accidents and serious damage to equipment.

A
Voltage
vi L1 L2 L3

\ / \ :ime [s]
\_/

e L1-L2-L3

e [1-L3-L2 L1-L3-L2: We do not recommend that you wire the system L1-L3-L2, due to the potential for
confusion. However, this parameter allows the controller to function correctly even though
the generator is wired L1-L3-L2.

AC setup

Voltage A

v
L1 L3 L2

Time

¢ [s]

fﬁ Different phase rotation
Never attempt to connect assets to the same busbar if they do not have the same phase rotation.

/\ CAUTION

Incorrect parameter use

Do not use this parameter to attempt to correct for incorrect wiring of the controller's AC measurement
terminals. Rewire the terminals correctly.
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Voltage measurement

By default, the controller uses the phase-to-phase voltages for alarms. For relevant AC protections, you can use the AC
setup parameter, to select phase-to-neutral voltages instead. Note that the nominal voltages are always phase-to-phase
voltages.

Phase-phase: Measurements from the neutral line can be present for phase-to-phase measurements.

Phase-neutral: Measurements from the neutral line must be present in a phase-to-neutral system. If you select Single-
phase L1 (or L2 or L3), you must also select Phase-neutral in the voltage protections.

411 [A-side] and [B-side] for each controller type

The names used for [A-side] and [B-side] for the AC configuration of each controller type:

Controller type [A-side] (MIO terminals 78 to 81) [B-side] (MIO terminals 83 to 86)

GENSET Generator Busbar
HYBRID Inverter Busbar
EMERGENCY genset Generator Busbar
SHAFT generator Generator Busbar
SHORE connection Shore connection Busbar
BUS TIE breaker Busbar A Busbar B

41.2 [A-side] AC configuration

Voltage transformer
Set these parameters for the voltage transformer on the [A-side]'s voltage measurement.

If Primary:Secondary ratio is 1, the controller uses the voltage measurement without any correction for a voltage
transformer.

The controller does not need information about the voltage transformer type (for example, open delta, star-star, and so on).

[A-side] > AC setup > Voltage transformer
L S
Primary 10V to 1500 kV AC The voltage transformer primary side (asset side) value.

The voltage transformer secondary side (controller side) value.

Secondary 17 to 690 V AC Phase shift is r'10t allowed in the voI'Eage transformer. The phase must be the
NOTE same on the high and low voltage sides of the voltage measurement
transformer.
NOTE The minimum normal operating voltage for the controller is 100 V.

More information
See [A-side] AC configuration in the Installation instructions for an example of generator voltage transformer
wiring.
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Current transformer

/\ CAUTION

Current transformer changes

Changing the current transformer settings changes the protection range for all the protections that depend on
the current measurements. This includes power protections.

If you change the current transformer values and the set points for the over-current and fast over-current protections are

out of the set point range, then the Protection set point out of range alarm activates. The alarm action is warning, and
cannot be configured.

You must set these parameters for the current transformer on the current measurement. These parameters only apply to
the current measurements on L1, L2 and L3.

[A-side] > AC setup > Current transformer

oot [Rnge— hotes

Primary 510 9000 A The current transformer primary side (asset side) nominal current.

The current transformer secondary side (controller side) nominal current. You can select either
Secondary 1or5A
TAor5A.
Voltage and frequency OK

The controller uses these parameters to calculate whether the voltage and frequency from the [A-side] measurements are
OK, so that the breaker can close.

[A-side] > AC setup > Voltage and frequency OK

porameer—JRange s

Voltage and If the voltage and frequency are OK for this time in seconds, then the

frequency 0.0sto1h equipment's LED becomes steady green. The breaker is not allowed to close

OK before the LED is steady green (that is, not flashing).

Minimum OK o The voltage must be above this voltage (as a percent of nominal voltage) for the
70 to 100 % .

voltage breaker to start to synchronise and close.

Maximum OK o The voltage must be below this voltage (as a percent of nominal voltage) for the
100 to 120 % .

voltage breaker to start to synchronise and close.

Minimum OK o The frequency must above this frequency (as a percent of nominal frequency)
70.00 to 100.00 % -

frequency for the breaker to start to synchronise and close.

Maximum OK o The frequency must below this frequency (as a percent of nominal frequency)
100.00 to 110.00 % :

frequency for the breaker to start to synchronise and close.

Voltage and frequency OK (blackout)
For the GENSET, EMERGENCY genset, SHAFT generator or SHORE connection controllers.

During a blackout, the controller uses these parameters to calculate whether the voltage and frequency from the generator
measurements are OK, so that the breaker can close.
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[A-side] > AC setup > Voltage and frequency OK (blackout)

e T

Voltage and If the voltage and frequency from the [A-side] are OK for this time in seconds,

frequency 0.0sto1h then the asset's LED becomes steady green. The breaker is not allowed to close

OK before the LED is steady green (that is, not flashing).

Minimum OK o The voltage must be above this voltage (as a percent of nominal voltage) for the
70 to 100 % :

voltage breaker to start to synchronise and close.

Maximum OK o The voltage must be below this voltage (as a percent of nominal voltage) for the
100 to 120 % .

voltage breaker to start to synchronise and close.

Minimum OK o The frequency must above this frequency (as a percent of nominal frequency)
70.00 to 100.00 % -

frequency for the breaker to start to synchronise and close.

Maximum OK o The frequency must below this frequency (as a percent of nominal frequency)

A 100.00 to 110.00 % ;

requency for the breaker to start to synchronise and close.

Voltage or frequency not OK
For the GENSET, EMERGENCY genset, SHAFT generator or SHORE connection controllers.

[A-side] > AC setup > Voltage or frequency not OK

e ronge e

If no inhibits are activated, then, if the voltage or frequency are not okay, this

Dela
Y UL alarm is activated after the delay.

41.3 [B-side] AC configuration

Voltage transformer
Set these parameters if there are voltage transformers on the B-side voltage measurement.

If Primary:Secondary ratio is 1, the controller uses the voltage measurement without any correction for a voltage
transformer.

The controller does not need information about the voltage transformer type (for example, open delta, star-delta, and so
on).

[B-side] > AC setup > Voltage transformer

oot Rnge———hoes

Primary 10 V to 1500 kV AC The voltage transformer primary side value.

The voltage transformer secondary side (controller side) value.

Secondary 17t0 690 V AC Note: No phase shift is allowed in the voltage transformer. That is, the phase must be the
same on the high and low voltage sides of the B-side voltage measurement transformer.
Note: The minimum normal operating voltage for the controller is 100 V.

More information
See [B-side] AC configuration in the Installation instructions for an example of B-side voltage transformer wiring.
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Blackout detection
[B-side] > AC setup > Blackout detection

T

After detecting the blackout, the controller does not respond, unless the blackout is
Blackout delay 0.0 sto 3600 s still present after this time. All the Blackout delay timers in the section must run out
before any controller can allow a blackout close.

Voltage and frequency OK

The controller uses these parameters to calculate whether the voltage and frequency from the B-side measurements are
OK.

[B-side] > AC setup > Voltage and frequency OK

e

If the B-side voltage and frequency are OK for this time in seconds, then the
0.0 sto 3600.0 s B-side LED becomes steady green. The breaker is not allowed to close before
the B-side LED is steady green (that is, not flashing).

Voltage and
frequency OK

Minimum OK o The voltage must be above this voltage (as a percent of nominal voltage) for
70 to 100 % .

voltage the breaker to start to synchronise and close.

Maximum OK o The voltage must be below this voltage (as a percent of nominal voltage) for
100 to 120 % .

voltage the breaker to start to synchronise and close.

Minimum OK ., The frequency must above this frequency (as a percent of nominal frequency)
70.00 to 100.00 % -

frequency for the breaker to start to synchronise and close.

Maximum OK ., The frequency must below this frequency (as a percent of nominal frequency)
100.00 to 110.00 % ;

frequency for the breaker to start to synchronise and close.

41.4 \Voltage and frequency as digital outputs

For the [A-side] and the [B-side], you can configure digital outputs with functions for Voltage and frequency OK and No
voltage and frequency. These functions are based on the AC measurements and parameters, and can be useful for
troubleshooting.

Digital output functions

T L S S

Activated if the voltage and frequency from the A-side are

[A-side] > State > Diital within the range specified in:
Voltage and frequency I%Itat Continuous
outpu
OK P Configure > Parameters > [A-side] > AC setup >
Voltage and frequency OK
[A-side] > State > No Digital . Activated if the phase-to-phase voltage from the A-side is less
Continuous o .
voltage and frequency output than 10 % of the nominal voltage.
Activated if the voltage and frequency at the [B-side] are
[B-side] > State > Digital within the range specified in:
Voltage and frequency I?[Itat Continuous
outpu
OK P Configure > Parameters > [B-side] > AC setup >
Voltage and frequency OK
[A-side] > State > No Digital . Activated if the phase-to-phase voltage at the [B-side] is less
Continuous o .
voltage and frequency output than 10 % of the nominal voltage.
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41.5 A4th current input configuration

Nominal current

Local > 4th current input > Nominal settings > Nominal settings #* > Current (I4)

T S

Nominal 1.0 to 9000.0 A The maximum 4th current flow during normal operation.

NOTE *#is1to 4.

Current transformer
Set these parameters if there is a current transformer on the 4th current input measurement.

Local > 4th current input > Current transformer (I4)

T e

Primary 510 9000 A The current transformer primary side (measurement side) nominal current.

The current transformer secondary side (controller side) nominal current. Select either 1 A or 5

Secondary 1or5A A

More information
See the Installation instructions for examples of 4th current input wiring for the neutral phase.

4.2 AC measurement filters
4.21 About AC measurement filters

You can configure average filtering on the primary AC measurements for smooth measurement readout on noisy or
oscillating systems.

The AC filtered measurements are used on the values shown in Live data, CustomLogic, Modbus, CODESYS (if installed)
and other shown operational values. The internal calculations and protections continue to use the actual values.

AC measurement filters can be configured as:

+ Nofilter: Always show the actual value.

« Averaged (200 ms): Show a value averaged over 200 ms.
« Averaged (800 ms): Show a value averaged over 800 ms.

4.2.2 AC measurement filters

Local > AC measurement filters > Primary AC measurements

Voltage No filter, Averaged (200 ms), Averaged (800 ms)
Current No filter, Averaged (200 ms), Averaged (800 ms)
Active power No filter, Averaged (200 ms), Averaged (800 ms)
Reactive power No filter, Averaged (200 ms), Averaged (800 ms)
Apparent power No filter, Averaged (200 ms), Averaged (800 ms)
Power factor and cos phi No filter, Averaged (200 ms), Averaged (800 ms)
Frequency from voltage No filter, Averaged (200 ms), Averaged (800 ms)
Frequency from current No filter, Averaged (200 ms), Averaged (800 ms)
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4.3 Symmetrical components

Any rotating set of voltage or current phasors for a three-phase system can be expressed as a positive sequence set, a
negative sequence set, and a zero sequence set. These symmetrical components offer a simplified approach to analyse AC
systems, especially for unbalanced load or fault conditions.

L31
L3 L2,
7 * 3 + RS
// L2, L3,
L2
L1, L3, o

L1
L2 °

Initial phasors Positive sequence Negative sequence Zero sequence

Positive sequence
The positive sequence is a balanced (equal magnitude and 120° apart) set of three phasors, rotating with the normal phase
rotation.

Negative sequence
The negative sequence set is a balanced set of three phasors, rotating with a negative phase sequence.

Zero sequence
The rotating phasors of the zero sequence set are aligned in phase and magnitude.

4.4  AC measurements as analogue outputs
4.41 About AC measurements as analogue outputs

You can configure an analogue output with the function for an alternating current (AC) operating value. This value may be
measured directly or calculated from the AC measurements. The controller then adjusts the analogue output to reflect the
AC operating value.

Applications
An analogue output with a function for an alternating current (AC) operating value may be wired to a switchboard

instrument, to help the operator. For example, the total kW from a generator can be displayed.

Alternatively, an analogue output may be wired to a switchboard instrument, to help troubleshooting. For example, the
voltage unbalance between two phases (Busbar / L-L unbalanced [V]) can be displayed.

4.4.2 [A-side] AC measurements

Function names
The [A-side] AC measurement function names follow these formats:

[A-side] > [Physical quantity] > [Asset] | [Measurement] [[unit]].

Example

L

Shore busbar > Phase angle > Shore | Phase angle L3-L1 [°]
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[A-side] AC measurement function names for each controller type

GENSET Generator Generator
HYBRID Inverter Inverter
EMERGENCY genset Generator Generator
SHAFT generator Generator Generator
SHORE connection Shore busbar Shore
BUS TIE breaker Busbar A Busbar A

[A-side] voltage analogue output functions
[A-side] > Voltage (V)

[Asset] | L1-N [V AC] The controller outputs the L1-N voltage from the A-side.
[Asset] | L2-N [V AC] The controller outputs the L2-N voltage from the A-side.
[Asset] | L3-N [V AC] The controller outputs the L3-N voltage from the A-side.

The controller outputs the N voltage from the A-side, relative to the star

[Asset] | N [V AC] .
point.

The controller outputs the lowest L-N voltage (that is, for the phase with the

[Asset] | L-N min. [V AC]
lowest L-N voltage).

The controller outputs the highest L-N voltage (that is, for the phase with the

[Asset] | L-N max. [V AC] .
highest L-N voltage).

[Asset] | L-N unbalanced [V AC] The controller outputs the L-N unbalanced voltage from the A-side, relative to

the neutral.
[Asset] | L1-L2 [V AC] The controller outputs the L1-L2 voltage from the A-side.
[Asset] | L2-L3 [V AC] The controller outputs the L2-L3 voltage from the A-side.
[Asset] | L3-L1 [V AC] The controller outputs the L3-L1 voltage from the A-side.

The controller outputs the lowest L-L voltage (that is, for the phases with the

[Asset] | L-L min. [V AC]
lowest L-L voltage).

The controller outputs the highest L-L voltage (that is, for the phases with the

[Asset] | L-L max. [V AC] . R
highest L-L voltage) from the A-side.

[Asset] | L-L unbalanced [V AC] The controller outputs the L-L unbalanced voltage between the phases of the

A-side.
[Asset] | Positive sequence [V X .
Ac] The controller outputs the magnitude of the positive sequence voltage.
[Asset] | Negative sequence [V . .
Ac] The controller outputs the magnitude of the negative sequence voltage.
[Asset] | Zero sequence [V AC The controller outputs the magnitude of the zero sequence voltage from the

A-side.

[A-side] frequency analogue output functions
[A-side] > Frequency (f) (from voltage)

Funcion——— Joem

[Asset] | L1 [Hz] The controller outputs the L1 frequency (based on the voltage measurement).

[Asset] | L2 [Hz] The controller outputs the L2 frequency (based on the voltage measurement).
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[Asset] | L3 [Hz] The controller outputs the L3 frequency (based on the voltage measurement).

The controller outputs the frequency of the phase with the lowest frequency (based on the

[Asset] | Min. [Hz]
voltage measurement).

The controller outputs the frequency of the phase with the highest frequency (based on the

[Asset] | Max. [Hz]
voltage measurement).

[A-side] > Frequency (f) (from current)

Furcion ——— omais
[Asset] | L1 [Hz] The controller outputs the L1 frequency (based on the current measurement).
[Asset] | L2 [Hz] The controller outputs the L2 frequency (based on the current measurement).
[Asset] | L3 [Hz] The controller outputs the L3 frequency (based on the current measurement).

The controller outputs the frequency of the phase with the lowest frequency (based on the

[Asset] | Min. [Hz]
current measurement).

The controller outputs the frequency of the phase with the highest frequency (based on the

[Asset] | Max. [Hz]
current measurement).

[A-side] current analogue output functions
[A-side] > Current (I)

[Asset] | L1 [A] The controller outputs the L1 current from the A-side.

[Asset] | L2 [A] The controller outputs the L2 current from the A-side.

[Asset] | L3 [A] The controller outputs the L3 current from the A-side.

[Asset] | N [A] The controller outputs the N current from the A-side, relative to the star point.
[Asset] | Min. [A] The controller outputs the lowest phase current.

[Asset] | Max. [A] The controller outputs the highest phase current.

The controller outputs the unbalanced current from the A-side, calculated using

[Asset] | Unbalanced nominal [A] X
the nominal method.

Reset] | Cabalances everace A The controller outputs the unbalanced current from the A-side, calculated using
the average method.

[Asset] | Positive sequence [A] The controller outputs the magnitude of the positive sequence current.

[Asset] | Negative sequence [A] The controller outputs the magnitude of the negative sequence current.

The controller outputs the magnitude of the zero sequence current from the A-

[Asset] | Zero sequence [A] X
side.

[A-side] power analogue output functions
[A-side] > Power (P)

[Asset] | L1 [kW] The controller outputs the L1 power.
[Asset] | L2 [kW] The controller outputs the L2 power.
[Asset] | L3 [kW] The controller outputs the L3 power.
[Asset] | Min. [kw] The controller outputs the power of the phase with the lowest power.
[Asset] | Max. [kW] The controller outputs the power of the phase with the highest power.
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[Asset]

[Asset]

[Asset]

[Asset]

Total [kW]

Total [%]

Available

Available

(kW]

[5]

The controller outputs the total power.
The controller outputs the total power, as a percentage of the A-side's nominal power.

The controller outputs the available power for the A-side in kW. Available power = Nominal
power - Total power

The controller outputs the available power for the A-side, as a percentage of the A-side's
nominal power. Available power = Nominal power - Total power

[A-side] reactive power analogue output functions

[A-side] > Reactive power (Q)

[Asset]
[Asset]
[Asset]
[Asset]
[Asset]

[Asset]

[Asset]

[Asset]

[Asset]

L1 [kvar]
L2 [kvar]

L3 [kvar]

Min. [kvar]

Max. [kvar]

Total [kvar]

Total [%]

Available

Available

[kvar]

[%]

The controller outputs the L1 reactive power.

The controller outputs the L2 reactive power.

The controller outputs the L3 reactive power.

The controller outputs the reactive power of the phase with the lowest reactive power.
The controller outputs the reactive power of the phase with the highest reactive power.
The controller outputs the total reactive power.

The controller outputs the total reactive power, as a percentage of the A-side's nominal
reactive power.

The controller outputs the available reactive power for the A-side in kvar. Available
reactive power = Nominal reactive power - Total reactive power

The controller outputs the available reactive power for the A-side, as a percentage of
the A-side's nominal reactive power. Available reactive power = Nominal reactive power
- Total reactive power

[A-side] apparent power analogue output functions

[A-side] > Apparent power (S)

N

[Asset]
[Asset]
[Asset]

[Asset]

[Asset]

[Asset]

[Asset]

[Asset]

[Asset]

L1 [kVA]
L2 [kVA]
L3 [kVA]

Min. [kVA]

Max. [kVA]

Total [kVA]

Total [%]

Available

Available

[kVA]

[5]
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The controller outputs the L1 apparent power.
The controller outputs the L2 apparent power.
The controller outputs the L3 apparent power.
The controller outputs the apparent power of the phase with the lowest apparent power.

The controller outputs the apparent power of the phase with the highest apparent power.

The controller outputs the total apparent power.

The controller outputs the total apparent power, as a percentage of the A-side's nominal
apparent power.

The controller outputs the available apparent power for the A-side in kVA. Available
apparent power = Nominal apparent power - Total apparent power

The controller outputs the available apparent power for the A-side, as a percentage of
the A-side's nominal apparent power. Available apparent power = Nominal apparent
power - Total apparent power
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[A-side] power factor analogue output functions
[A-side] > Power factor (PF)

[Asset] | cos phi The controller outputs the power factor, calculated as cos phi.

[Asset] | Power factor The controller outputs the power factor.

[A-side] phase angle analogue output functions
[A-side] > Phase angle

[Asset] | Phase angle L1-L2 [°] The controller outputs the phase angle between L1and L2.

[Asset] | Phase angle L2-L3 [°] The controller outputs the phase angle between L2 and L3.

[Asset] | Phase angle L3-L1 [°] The controller outputs the phase angle between L3 and L1.

[Asset] | A-B phase angle L1 [°] T.r;e controller outputs the phase angle between L1 of the A-side and L1 of the B-
side.

[Asset] | A-B phase angle L2 [°] Thg controller outputs the phase angle between L2 of the A-side and L2 of the
B-side.

[Asset] | A-B phase angle L3 [°] The controller outputs the phase angle between L3 of the A-side and L3 of the

B-side.

4.4.3 [B-side] AC measurements

Function names
The B-side AC measurement function names follow these formats:

[B-side] > [Physical quantity] > [Asset] | [Measurement] [[unit]].

s Example

) X

Busbar B > Apparent power (S) > Busbar B | Total [kVA]

[B-side] AC measurement function names for each controller type

Controller type [B-sidel

GENSET Busbar Busbar
HYBRID Busbar Busbar
EMERGENCY genset Busbar Busbar
SHAFT generator Busbar Busbar
SHORE connection Ship busbar Busbar
BUS TIE breaker Busbar B Busbar B

[B-side] voltage analogue output functions
[B-side] > Voltage (V)

[Asset] | L1-N [V AC] The controller outputs the L1-N voltage from the B-side.

[Asset] | L2-N [V AC] The controller outputs the L2-N voltage from the B-side.
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[Asset] | L3-N [V AC] The controller outputs the L3-N voltage from the B-side.
[Asset] | N [V AC] The controller outputs the N voltage from the B-side.

The controller outputs the lowest L-N voltage (that is, for the phase with the

[Asset] | L-N min. [V AC]
lowest L-N voltage).

The controller outputs the highest L-N voltage (that is, for the phase with the

[Asset] | L-N max. [V AC] X
highest L-N voltage).

[Asset] | L-N unbalanced [V AC] The controller outputs the L-N unbalanced voltage.
[Asset] | L1-L2 [V AC] The controller outputs the L1-L2 voltage from the B-side.
[Asset] | L2-L3 [V AC] The controller outputs the L2-L3 voltage from the B-side.
[Asset] | L3-L1 [V AC] The controller outputs the L3-L1 voltage from the B-side

The controller outputs the lowest L-L voltage (that is, for the phases with the

[Asset] | L-L min. [V AC]
lowest L-L voltage).

The controller outputs the highest L-L voltage (that is, for the phases with the
highest L-L voltage).

[Asset] | L-L max. [V AC]
[Asset] | L-L unbalanced [V AC] The controller outputs the L-L unbalanced voltage.

[Asset] | Positive sequence [V AC] The controller outputs the magnitude of the positive sequence voltage.
[Asset] | Negative sequence [V AC] The controller outputs the magnitude of the negative sequence voltage.

[Asset] | Zero sequence [V AC] The controller outputs the magnitude of the zero sequence voltage.

[B-side] frequency analogue output functions
[B-side] > Frequency (f) (from voltage)

Functon _____ pewis
[Asset] | L1 [Hz] The controller outputs the L1 frequency (based on the voltage measurement).
[Asset] | Lz [Hz] The controller outputs the L2 frequency (based on the voltage measurement).
[Asset] | L3 [Hz] The controller outputs the L3 frequency (based on the voltage measurement).

The controller outputs the frequency of the phase with the lowest frequency (based on the

[Asset] | Min. [Hz]
voltage measurement).

The controller outputs the frequency of the phase with the highest frequency (based on the

[Asset] | Max. [Hz]
voltage measurement).

[B-side] phase angle analogue output functions
[B-side] > Phase angle

[Asset] | Phase angle L1-L2 [°] The controller outputs the phase angle between L1and L2.
[Asset] | Phase angle L2-L3 [°] The controller outputs the phase angle between L2 and L3.
[Asset] | Phase angle L3-L1 [°] The controller outputs the phase angle between L3 and L1.

4.4.4 A4th currentinput

Assign the AC measurement function to an analogue output.
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Analogue outputs

Local > 4th current input > Current

> L4 [A]

(I)

The controller outputs the 4th current (based on the 4th current
measurement).

Local > 4th current input > Frequency The controller outputs the 4th frequency (based on the 4th current
(f) > L4 [Hz] measurement).

Local > 4th current input > Power (P) > The controller outputs the 4th power (based on the 4th current

L4 [kwW] measurement and the [B-side] L1 voltage).

Local > 4th current input > Reactive The controller outputs the 4th reactive power (based on the 4th
power (Q) > L4 [kvar] current measurement and the [B-side] voltage).

Local > 4th current input > Apparent The controller outputs the 4th apparent power (based on the 4th
power (S) > L4 [kVA] current measurement and the [B-side] voltage).

Local > 4th current input > Power factor The controller outputs the power factor, calculated as cos phi (based
(PF) > L4 | cos phi on the 4th current measurement and the [B-side] voltage).

Local > 4th
(PF) > L4 |

current input
Power factor

Power factor

The controller outputs the power factor (based on the 4th current
measurement and the [B-side] voltage).

Local > 4th current input > Phase angle The controller outputs the phase angle between the 4th current

> L4 [°] measurement and the [B-side] L1 voltage measurement.
4.5 A-side AC protections
4.51 About AC protections

This section describes the AC protections based on the controller's measurements on the [A-side] of the breaker.

GENSET Diesel genset GB

HYBRID Inverter Breaker
EMERGENCY genset * Emergency diesel genset EGB and TB *
SHAFT generator Shaft generator SGB

SHORE connection Shore connection SCB

BUS TIE breaker Busbar A BTB

NOTE * The EMERGENCY genset controller also controls the tie breaker to the emergency busbar. The Trip generator

breaker alarm action trips the emergency genset breaker (EGB), while Trip tie breaker trips the tie breaker.
The controllers include the following alternating current (AC) protections, according to IEEE Std. C37.2T™-2022.

4.5.2 [A-side] over-voltage (ANSI 59)

Over-voltage <100 ms
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Value 1\
g Delay A
The alarm response is based on the highest phase-to-phase voltage, or the highest Set : ;
phase-to-neutral voltage, from the A-side, as measured by the controller. point /
time

[A-side] > Voltage protections > Over-voltage #

AC setup Phase-phase, Phase-neutral

Set point 80.0 t0 120.0 % of nominal voltage
Reset hysteresis 0.0t0 20.0 %

Delay 0.00sto1h

4.5.3 [A-side] under-voltage (ANSI 27)

Under-voltage <100 ms

Value 1\ g A
Delay
Set

point

The alarm response is based on the lowest phase-to-phase voltage, or the lowest phase-
to-neutral voltage, from the A-side, as measured by the controller.

time

[A-side] > Voltage protections > Under-voltage #

AC setup Phase-phase, Phase-neutral

Set point 10.0 to 100.0 % of nominal voltage
Reset hysteresis 0.0t0 20.0 %

Delay 0.00sto1h

4.5.4 [A-side] voltage unbalance (ANSI 47)

Voltage unbalance (voltage asymmetry) uuB> < 200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.
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The method is based on the ANSI C84.1-2016 calculation method to determine voltage
unbalance. The alarm response is based on the highest difference between any of the Value A
three A-side phase-to-phase voltage or phase-to-neutral true RMS values and the
average voltage, as measured by the controller.

Z Delay A

Set
oint
If phase-to-phase voltages are used, the controller calculates the average phase-to- P _/
phase voltage. The controller then calculates the difference between each phase-to- >
phase voltage and the average voltage. Finally, the controller divides the maximum time

difference by the average voltage to get the voltage unbalance. See the example.

[A-side] > Voltage protections > Voltage unbalance

AC setup Phase-phase, Phase-neutral
Set point 0.0 to 50.0 %

Reset hysteresis 0.0t0 20.0 %

Delay 010sto1h

Voltage unbalance example

pa

A GENSET controller controls a genset with a nominal voltage of 230 V. The L1-L2 voltage is 235 V, the L2-L3
voltage is 225 V, and the L3-L1 voltage is 210 V.

The average voltage is 223.3 V. The difference between the phase-to-phase voltage and the average is 12.7 V for
L1-L2, 2.7 V for L2-L3 and 13.3 V for L3-L1.

The voltage unbalance is 13.3 V/223.3 V = 0.06 = 6.0 %.

4.5.5 Positive sequence under-voltage (ANSI 27D)

Positive sequence under-voltage <60 ms

The alarm response is based on the voltage state of the positive sequence voltage part of the voltage phasors of the A-

side. The positive sequence represents the symmetrical part of the system. For more information, see Symmetrical
components.

The positive sequence under-voltage alarm protects, for example, generators from running at a voltage that is too low.

Parameters

[A-side] > Voltage protections > Positive sequence under-voltage

Set point 10.0 to 110.0 % of nominal voltage
Reset hysteresis 0.0to0 20.0 %
Delay 0.02sto1h

4.5.6 Negative sequence over-voltage (ANSI 47)

Negative sequence voltage <200 ms *
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NOTE * This operate time includes the minimum user-defined delay of 100 ms.

The alarm response is based on the voltage state of the negative sequence voltage part Value ﬂ‘ g ﬁ
of the voltage phasors of the A-side. For more information, see Symmetrical components. Delay
Set
Negative sequence voltage typically occurs due to unbalanced loads, or a broken point
conductor. The negative sequence over-voltage protection protects against unbalanced

voltage conditions. time

[A-side] > Voltage protections > Negative sequence voltage

Set point 1.0 t0 100.0 % of nominal voltage
Reset hysteresis 0.0t0 20.0 %
Delay 010sto1h

4.5.7 Zero sequence over-voltage (ANSI 59U)

Zero sequence voltage 59Uq <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

The alarm response is based on the voltage state of the zero sequence voltage part of Value ﬂ‘
the voltage phasors of the A-side. For more information, see Symmetrical components.
Set ,j

Zero sequence voltage typically occurs due to earth faults or unbalanced loads. The

- . oint

detection of any zero sequence voltage depends on the controller measuring relative to P /

earth or neutral. That is, the controller's neutral voltage terminal (N) must be connected >
to earth or neutral. time

[A-side] > Voltage protections > Zero sequence voltage

Set point 0.0 t0 100.0 % of nominal voltage
Reset hysteresis 0.0t0 20.0 %
Delay 010sto1h

4.5.8 Over-current (ANSI50TD)

Over-current 50TD < 100 ms

Designer's handbook 4189341396C EN Page 95 of 489



Value ﬂ‘
g Delay A
The alarm response is based on the highest phase current true RMS values from the A- Set : ;
side, as measured by the controller. point /
time

[A-side] > Current protections > Over-current #

Set point Variable. Depends on current transformer settings.
Reset hysteresis 0.0to0 20.0 %
Delay 0.00sto1h

4.5.9 Fastover-current (ANSI50/50TD)

Fast over-current 3[>>> 50/50TD * <50 ms

NOTE * ANSI 50 applies when the Delay parameteris O s.

Value 1\
Z Delay A
The alarm response is based on the highest phase current true RMS values from the A- Set ’;\7%-
side, as measured by the controller. point /

time

[A-side] > Current protections > Fast over-current #

Set point Variable. Depends on current transformer settings.
Reset hysteresis 0.0to 20.0 %
Delay 0.00sto1h

4.5.10 Current unbalance (ANSI 46)

Current unbalance IUB> <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.
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The alarm response is based on the highest difference between any of the three phase
current true RMS values, as measured by the controller. You can choose either the
Average method (ANSI) or the Nominal method to calculate the Current unbalance.

Value {;

Z Delay A

Set ,j
point /

time

[A-side] > Current protections > Current unbalance ([average/nominal] calc.)

Set point 0.0 to 100.0 %
Reset hysteresis 0.0t0 20.0 %
Delay 010sto1h

Average method

The Average method is based on the ANSI C84.1-2016 calculation method to determine voltage unbalance. The controller
calculates the average current for the three phases. The controller then calculates the difference between each phase
current and the average current. Finally, the controller divides the maximum difference by the average current to get the
current unbalance.

Average method example

L

A GENSET controller controls a genset with a nominal current of 100 A. The L1 current is 80 A, the L2 current is 90
A, and the L3 current is 60 A.

The average current is 76.7 A. The difference between the phase current and the average is 3.3 A for L1, 13.3 A for
L2 and 16.7 A for L3.

The current unbalance is therefore 16.7 A/ 76.7 A = 0.22 = 22 %.

Nominal method

The controller calculates the difference between the phase with the highest current, and the phase with the lowest current.
Finally, the controller divides the difference by the nominal current to get the current unbalance.

Nominal method example

L

A GENSET controller controls a genset with a nominal current of 100 A. The L1 current is 80 A, the L2 current is 90
A, and the L3 current is 60 A.

The current unbalance is (90 A - 60 A) /100 A = 0.3 = 30 %.

4.511 Directional over-current (ANSI 67)

Directional over-current > > < 100 ms
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Value 1\
Z Delay A
The alarm response is based on the highest phase current true RMS value, with the Set : ;
direction from the active power from the A-side, as measured by the controller. point /
time

[A-side] > Current protections > Directional over-current #

Set point Variable. Depends on current transformer settings.
Reset hysteresis 0.0to0 20.0 %
Delay 0.00sto1h

For a positive set point, the alarm trigger level is High. When a negative set point is written to the controller, then the
controller automatically changes the alarm trigger level to Low.

4.5.12 Inverse time over-current (ANSI 51)

Inverse time over-current

tG) A
[s]

]

|

\
The inverse time-over current protection is based on IEC \
60255-151:2009. The alarm response is based on the \
highest phase current true RMS values, as measured by the \

1 \
controller. \ A

The alarm response time depends on an approximated
integral of the current measurement over time. The integral
is only updated when the measurement is above the
activation threshold (indicated in the diagram to the right by
the value Gt). See the description below for more details.

Note: The diagram on the right is a simplified representation
of this alarm and does not show the integral over time.

Gs Gt Gp

@®

Inverse time over-current calculation method

The controller uses this equation from IEC 60255-151 to calculate the time that the current measurement may be over the
set point before the inverse time over-current alarm is activated:

k

Fama e
&)
Gs

{(G) = TMS

where:
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t(G)

k, c and o
G

Gs

TMS

Parameters

Time multiplier setting

Theoretical operating time constant value of G, in seconds

Measured value, that is, highest phase current true RMS value (Iphase)

Alarm set point (Gg = lpom * LIM / 100 %)

[A-side] > Current protections > Inverse time over-current

Curve

Limit (the set point,

Time multiplier setting

Threshold
k*

C*

alpha (a, or a)

also known as LIM)

NOTE * Only used if Custom characteristic is selected.

Standard inverse time over-current curves
The controller includes these standard inverse time over-current curves, in accordance with IEC 60255-151.

Table 4.1

Parameters for the inverse time over-current curves

See the table below

Constants for the selected curve (k and c in seconds, o (alpha) has no unit)

2.0 t0 200.0 % of nominal current

0.01to 100.00
1.000 to 1.300
0.001 s to 2 min
0.000 s to 1 min
0.001 to 60.000

IEC inverse

IEC very inverse

IEC extremely inverse
IEEE moderately inverse
IEEE very inverse

IEEE extremely inverse

Custom characteristic
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014 s
135s
80 s
0.0515 s
19.61s
28.2's

Customisable

Os

Os
0114 s
0.491s
01217 s

Customisable

0.02

Customisable
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Standard curve shapes for inverse time over-current, with time multiplier setting (TMS) =1
1000

time
[s] \
100 .\|\\
L A
v\
T\
X\
N\
\\
\ \\\\\
10 —\ \\
\ NS TS
AN NSSTN
N\ A AN
AN N\ N
SN S
\ \\ \\\ \\\
N \\ IEC Inverse
N \\\‘\
1 \‘\ N |_|IEEE Moderately inverse

1 |IEC Very inverse
NG e IEEE Very inverse

\\ IEC Extremely inverse

IEEE Extremely inverse

0.1 ‘ ‘ |
1 10 G/Gs 100

Definite time characteristic

Gp is the point where the alarm shifts from an inverse curve to a definite time characteristic, as the following graph shows.
That is, after this point, the curve is flat, and a current increase does not have any effect on the alarm response time. In IEC
60255-151, this point is defined as Gp = 20 x Gs.

The current measurement range (see the data sheet) can limit the controller's ability to follow the characteristic at higher
currents. See the * on the simplified representation diagram above.

In this controller, the maximum current measurement is 20 A. If the rated secondary current of the current measurement
transformer is 1A (that is, the current transformer rating is -/1 A), then Gp = 20 x Ict primary for this protection. However, if
the rated secondary current of the current transformer is 5 A (that is, -/5 A), then Gp = 4 x IcT primary -

Influence of the CT primary current rating on Gp example

pa

A current transformer has a primary rating of 500 A and a secondary rating of 5 A. The nominal current of the
system is 350 A, and the three-phase inverse time over-current alarm Limit is 100 %.
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Gp of the inverse time over-current characteristic graph according to IEC 60255-151is 7000 A.
e Gp =20 x Gg = 20 x (lnom x (Limit / 100)) = 20 x (350 x (1/ 1)) = 7000 A

However, the highest Gp value where measurements can be made is 2000 A.
» Because the secondary current rating is 5 A, the formula to calculate the measurable Gp is Gp = 4 x IcT primary-

. GD =4 x ICT primary = 4 x 500 = 2000 A

If the time performance at higher currents of the inverse time over-current protection is important, DEIF recommends using
a current transformer that is rated for a 1 A secondary current (that is, -/1 A).

4.513 Negative sequence over-current (ANSI 46)

Negative sequence current <200 ms *
NOTE * This operate time includes the minimum user-defined delay of 100 ms.

The alarm response is based on the current state of the negative sequence current part

of the current phasors of the A-side. For more information, see Symmetrical components. Value {‘ Z f
Delay

Negative sequence current typically occurs due to asymmetrical faults, unbalanced Set : ;

loads, or broken conductors. point /

Negative sequence current in the stator of a synchronous generator induces a double tir?e

frequency current in the rotor. This increases the risk of overheating the generator.

[A-side] > Current protections > Negative sequence current

Set point 1.0 to 100.0 % of nominal current
Reset hysteresis 0.0t0 20.0 %
Delay 0.10sto1h

4.514 Zero sequence over-current (ANSI 51lg)

Zero sequence current 51lp <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Value 1\
The alarm response is based on the current state of the zero sequence current part of g Delay A
the current phasors of the A-side. For more information, see Symmetrical components. Sef
e
. . point
Zero sequence current typically occurs due to earth faults in earthed power systems, or
unbalanced loads in four-wire systems (that is, systems with a distributed neutral).

time
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[A-side] > Current protections > Zero sequence current

Set point 0.0 to 100.0 % of nominal current
Reset hysteresis 0.0t0 20.0 %
Delay 010sto1h

4.515 [A-side] over-frequency (ANSI 810)

Over-frequency <100 ms

Value ﬂ‘ A
) g Delay

The alarm response is based on the lowest fundamental frequency (based on phase
voltage), from the A-side. This ensures that the alarm only activates when all of the
phase frequencies are above the set point.

Set
point

time

[A-side] > Frequency protections > Over-frequency #

Set point 80.0 t0 120.0 % of nominal frequency
Reset hysteresis 0.0t0 20.0 %
Delay 0.00sto1h

4.516 [A-side] under-frequency (ANSI 81U)

Under-frequency < 100 ms
Value 1\
Delay
The alarm response is based on the highest fundamental frequency (based on phase Set ‘ ’
voltage), from the A-side. This ensures that the alarm only activates when all of the point
phase frequencies are below the set point.

time

[A-side] > Frequency protections > Under-frequency #

Set point 80.0 t0 100.0 % of nominal frequency
Reset hysteresis 0.0t0 20.0 %
Delay 0.00sto1h
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4.517 Overload (power export) (ANSI 32)

IEC symbol (IEC60617) ANSI (IEEE C37.2)

Overload < 100 ms

Value 1\

Z Delay A
The alarm response is based on the total active power from the A-side, as measured by Set

the controller. point /

time

[A-side] > Power protections > Overload* #

Set point 0.0 to 200.0 % of nominal power
Reset hysteresis 0.0t0 20.0 %
Delay 0.00sto1h

NOTE * For a BUS TIE breaker controller, this is Power export.

4.5.18 Reverse power (power import) (ANSI 32R)

Reverse power <100 ms

Value 1\

g Delay A
The alarm response is based on the total active power to the A-side, as measured by the Set : ;

controller. point /

time

[A-side] > Power protections > Reverse power* #

Set point 0.0 to 200.0 % of nominal power
Reset hysteresis 0.0t0 20.0 %
Delay 0.00sto1h

NOTE * For a BUS TIE breaker controller, this is Power import.

4.5.19 Overload reverse power (ANSI 32R)

Overload reverse power < 100 ms
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Value 1\

g Delay A

The alarm response is based on the total active power to the A-side, as measured by the Set : ;

controller. point /

time

Inverter > Power protections > Overload reverse power #

Set point 0.0 to 200.0 % of nominal power
Reset hysteresis 0.0t0 20.0 %
Delay 0.00sto1h

4.5.20 Reactive power export (ANSI 400)

Reactive power export (over-excitation) <100 ms

Value
1&
Z Delay A

The alarm response is based on the total reactive power (Q) from the A-side, as Set
measured and calculated by the controller. point /

time

[A-side] > Reactive power protections > Reactive power export #

Set point 0.0 to 100.0 % of nominal reactive power
Reset hysteresis 0.0t0 20.0 %
Delay 0.00 to 3600.00 s

4.5.21 Reactive power import (ANSI 40U)

Reactive power import (loss of excitation/under-excitation) Q< <100 ms

Value ﬂ‘
g Delay A
The alarm response is based on the total reactive power (Q) to the A-side, as measured Set
and calculated by the controller. point

time
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[A-side] > Reactive power protections > Reactive power import #

Set point 0.0 to 150.0 % of nominal reactive power (Q)
Reset hysteresis 0.0 to 20.0 %
Delay 0.00sto1h

4.5.22 Active synchroniser (ANSI 25A)

Active synchroniser (including blackout close)

For all breakers, the active synchroniser ensures that the voltages, frequencies, and Voltage
phase are within the allowed limits before the controller closes the breaker. [vi { —

The active synchroniser can allow blackout close. That is, if the configured conditions
are met and equipment is trying to close a breaker to a busbar that does not have

. . . “
voltage, the breaker can be allowed to close without synchronisation. Frequency

[Hz] {

The synchronisation is based on the frequency difference, the voltage difference, and /

the phase across the breaker, as measured by the controller.

\

\

The active synchroniser on does not have an alarm or inhibits. However, if the Phase &

controller cannot synchronise within the time allowed, there will be a sync failure angle \/\/\

alarm. dn‘ference{ NC—
[°] >

The active synchroniser is based on the parameters under:

Breakers > [Breaker] configuration > Synchronisation setting

More information
See Blackout for blackout configuration and blackout closing.

4.6 B-side AC protections
4.6.1 [B-side] over-voltage (ANSI 59)

Over-voltage <50 ms
Value 1\
Z Delay A
The alarm response is based on the highest phase-to-phase voltage, or the highest Set
phase-to-neutral voltage, from the B-side, as measured by the controller. point /

time
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[B-side] > Voltage protections > Over-voltage #

Set point 90 to 120 % of nominal voltage

Delay 0.00sto1h

4.6.2 [B-side] under-voltage (ANSI 27)

Under-voltage < 50 ms
Value ﬂ‘ Z A
/\ Delay
The alarm response is based on the lowest phase-to-phase voltage, or the lowest phase- %‘iar:t
to-neutral voltage, from the B-side, as measured by the controller. P \-\_—

time

[B-side] > Voltage protections > Under-voltage #

Set point 50 to 100 % of nominal voltage

Delay 0.00sto1h

NOTE For the EMERGENCY genset controller, this alarm action trips the tie breaker to the main busbar. For other
controllers: the controller trips the breaker to the equipment it controls.

4.6.3 [B-side] voltage unbalance (ANSI 47)

Voltage unbalance (voltage asymmetry) uuB> <200 ms *
NOTE * This operate time includes the minimum user-defined delay of 100 ms.

The method is based on the ANSI C84.1-2016 calculation method to determine voltage
unbalance. The alarm response is based on the highest difference between any of the Value ﬂ‘
three B-side phase-to-phase voltage or phase-to-neutral true RMS values and the Z Delay A

average voltage, as measured by the controller. m,.
Set

oint
If phase-to-phase voltages are used, the controller calculates the average phase-to- P /
phase voltage. The controller then calculates the difference between each phase-to- >~
phase voltage and the average voltage. Finally, the controller divides the maximum time

difference by the average voltage to get the voltage unbalance. See the example.

[B-side] > Voltage protections > Voltage unbalance

AC setup Phase-phase, Phase-neutral

Set point 0.0 to 50.0 % of nominal voltage
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Reset hysteresis 0.0t0 20.0 %

Delay 010sto1h

B-side voltage unbalance example

L

The B-side has a nominal voltage of 230 V. The L1-L2 voltage is 235 V, the L2-L3 voltage is 225 V, and the L3-L1
voltage is 210 V.

The average voltage is 223.3 V. The difference between the phase-to-phase voltage and the average is 12.7 V for
L1-L2, 2.7 V for L2-L3 and 13.3 V for L3-L1.

The B-side voltage unbalance is 13.3 V / 223.3V = 0.06 = 6 %

4.6.4 [B-side] positive sequence under-voltage (ANSI 27D)

Positive sequence under-voltage < 60 ms

The alarm response is based on the voltage state on the positive sequence voltage part of the voltage phasors of the B-
side. The positive sequence represents the symmetrical part of the system. For more information, see Symmetrical
components.

The positive sequence under-voltage alarm protects, for example, generators from running at a voltage that is too low.

[B-side] > Voltage protections > Positive sequence under-voltage

Set point 10.0 to 110.0 %
Reset hysteresis 0.0 to 20.0 %
Delay 0.02sto1h

4.6.5 [B-side] negative sequence over-voltage (ANSI 47)

Negative sequence voltage <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

The alarm response is based on the voltage state of the negative sequence voltage part Value ﬂ‘ Z ﬁ
of the voltage phasors of the B-side. For more information, see Symmetrical components. Delay

Set :
Negative sequence voltage typically occurs due to unbalanced loads, or a broken point /
conductor. The negative sequence over-voltage protection protects against unbalanced

voltage conditions. >
time
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[B-side] > Voltage protections > Negative sequence voltage

Set point 1.0 to 100.0 % of nominal voltage
Reset hysteresis 0.0to0 20.0 %
Delay 0.10sto1h

4.6.6 [B-side] zero sequence over-voltage (ANSI 59U,)

Zero sequence voltage 59Uq <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

The alarm response is based on the voltage state of the zero sequence voltage part of Value {;

the voltage phasors of the B-side. For more information, see Symmetrical components. Z Delay A
Zero sequence voltage typically occurs due to earth faults or unbalanced loads. The pi?r:t

detection of any zero sequence voltage depends on the controller measuring relative to

earth or neutral. That is, the controller's neutral voltage terminal (N) must be connected >
to earth or neutral. time

[B-side] > Voltage protections > Zero sequence voltage

Set point 0.0 t0 100.0 % of nominal voltage
Reset hysteresis 0.0t0 20.0 %
Delay 010sto1h

4.6.7 [B-side] over-frequency (ANSI 810)

Over-frequency <50 ms

Value 1‘

The alarm response is based on the lowest fundamental frequency (based on phase
voltage), from the B-side. This ensures that the alarm only activates when all of the Sa_att
phase frequencies are above the set point. poin /

Z Delay A

time

[B-side] > Frequency protections > Over-frequency #

Set point 100.0 to 130.0 % of nominal frequency
Reset hysteresis 0.0t0 20.0 %
Delay 0.00sto1h
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NOTE For the EMERGENCY genset controller, this alarm action trips the tie breaker to the main busbar. For other
controllers: the controller trips the breaker to the equipment it controls.

4.6.8 [B-side] under-frequency (ANSI 81U)

Under-frequency <50 ms
Value 1\
Delay
The alarm response is based on the highest fundamental frequency (based on phase Set ' '
voltage), from the B-side. This ensures that the alarm only activates when all of the point
phase frequencies are below the set point.

time

[B-side] > Frequency protections > Under-frequency #

Set point 80.0 t0 100.0 % of nominal frequency
Reset hysteresis 0.0t0 20.0 %
Delay 0.00sto1h

4.7  Other AC protections

4.71 Phase sequence error

The controller continuously checks the L1and L2 line voltage phasors on either side of
the breaker against the orientation defined in the controller (see AC configuration). If the
voltage is more than the detection voltage, and the phase differs from expected by more
than 40°, the alarm is activated. This means that the alarm will also detect if the phase
rotation is different from the direction of rotation defined in the controller.

There are two alarms for each controller. These alarms correspond to the controller's AC
measurements. There is one alarm for the voltage from the [A-side], and another alarm
for the voltage on the [B-side].

Value {;

The alarm action is Trip [Breaker] and cannot be changed. Set /t

point /

time

[A-side] > AC setup > Phase sequence error

Detection voltage * 30to 90 % of nominal A-side voltage

Delay 1t010 s

NOTE * The alarm is inhibited if the voltage is below the set point.
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[B-side] > AC setup > Phase sequence error

Detection voltage * 30 to 90 % of nominal B-side voltage

Delay 1t010 s

NOTE * The alarm is inhibited if the voltage is below this set point.

4.7.2 Earth inverse time over-current (ANSI 51G)

Earth inverse time over-current

t(l)
[s]

|

]
The alarm response is based on the earth current, as measured by the \
4th current measurement filtered to attenuate the third harmonic (at \
least 18 dB; a 128 tap FIR low pass filter is applied). The A-side \
frequency, as measured by the controller (f), is used as the cutoff \

frequency. The filter has 0 dB attenuation at fO, and 33 dB attenuation ' A
at 3 x f0.

The alarm response time depends on an approximated integral of the
current measurement over time. The integral is only updated when the
measurement is above the activation threshold.

Note: The diagram on the right is a simplified representation of this
alarm. The diagram does not show the integral over time.

Inom 1.7 Inom 1[A]

Wiring

You must wire the 4th current measurement on MI02.1 (terminals 70,71) to measure the earth current.

More information
See 14 current in the Installation instructions for an example of how to wire the earth current measurement.

The Earth inverse time over-current and Neutral inverse time over-current alarms each require the 4th current
measurement. You therefore cannot use both of these protections at the same time.

Local > 4th current input > Earth inverse time over-current

Curve See below

Limit (the set point, also known as LIM) 2.0 to 200.0 % of nominal current (4th current input)
Time multiplier setting (TMS) 0.01to 100.00

Threshold 1.000 to 1.300

k * 0.001 s to 2 min

c* 0.000 s to 1 min

alpha (o, or a) * 0.001 s to 1 min
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NOTE * Only used if custom curve is selected.

More information
See Inverse time over-current (ANSI 51) for the calculation method, the standard curves, and information about the
definite time characteristic.

4.7.3 Neutral inverse time over-current (ANSI 51N)

Neutral inverse time over-current

(1)
[s]

The alarm response is based on the RMS neutral current, as measured k
by the 4th current measurement. k

The alarm response time depends on an approximated integral of the
current measurement over time. The integral is only updated when the
measurement is above the activation threshold.

Note: The diagram on the right is a simplified representation of this
alarm. The diagram does not show the integral over time.

Inom 1.1 Inom 1[A]

Wiring

You must wire the 4th current measurement on MIO2.1 (terminals 70,71) to measure the ground current.

More information
See 14 current in the Installation instructions for an example of how to wire the neutral current measurement.

The Earth inverse time over-current and Neutral inverse time over-current alarms each require the 4th current
measurement. You therefore cannot use both of these protections at the same time.

Local > 4th current input > Neutral inverse time over-current

Curve See below

Limit (the set point, also known as LIM) 2.0 to 200.0 % of nominal current (4th current input)

Time multiplier setting (TMS) 0.01to 100.00
Threshold 1.000 to 1.300
k * 0.001s to 2 min
c* 0.000 s to 1 min
alpha (o, or a) * 0.001 s to 1 min

NOTE * Only used if custom curve is selected.
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More information
See Inverse time over-current (ANSI 51) for the calculation method, the standard curves, and information about the
definite time characteristic.

4.7.4 Lockout relay (ANSI 86)

The lockout relay ensures that the alarm action continues for an alarm, until the lockout relay is reset. The controller can
function as a lockout relay for alarm conditions which have the Latch parameter enabled. The protection is in effect until the
alarm condition is cleared, the alarm acknowledged and the latch is reset.

The lockout relay applies to all latched alarms, and does not activate a specific alarm or have any inhibits.

Lockout relay Dependent on protection

A

1. Alarm condition

t1 —

‘—
2. Controller protection active |

3. Alarm

N

. Acknowledge alarm |_

5. Latch

. Clear latch (reset) |_

1. Alarm condition

»

« When an alarm condition occurs, an alarm-dependent delay timer activates.
« |If the alarm condition occurs for longer than the delay timer (t1), the protection activates.
2. Controller protection active
o If alatch is enabled for the protection, the latch activates when the controller protection activates.
* The protection will remain active until the latch is reset, even if the alarm condition clears.
3. Alarm
« The alarm output, for example, an alarm horn, remains active until the alarm is acknowledged.
« When the alarm is acknowledged, the protection remains active if a latch is enabled.
4. Acknowledge alarm
« The alarm can be acknowledged while the alarm condition is still active, or when the alarm condition has cleared.

« |If alatchis active and the alarm is acknowledged after the alarm condition has cleared, the protection will remain
active.

5. Latch

Designer's handbook 4189341396C EN Page 112 of 489



« If alatch is enabled for the alarm, the alarm latch will activate when the controller protection activates.
« While the latch is active, the alarm protection will also be active.
6. Clear latch (reset)
« The alarm latch can only be removed once the alarm condition is no longer active and the alarm is acknowledged.
e The protection will remain active until the latch is cleared.

For most alarms, a latch can be Enabled as a parameter under [Alarm location] > [Alarm] > Latch

[Alarm location] is the location of the alarm parameters, for example, Busbar > Voltage protections.

[Alarm] is the alarm name.

NOTICE
fi Not powered controller opens digital outputs
If the controller is not powered, the controller opens the digital outputs.
NOTICE
@ Latched alarms do not trip breaker again if breaker manually operated
Alarms that are latched do not trip the breaker again if the breaker is closed manually by the operator.

Optional: Configuring an external lockout relay
An external lockout relay with manual reset functionality can be connected to a digital output. The digital output activates if
a specific alarm condition is triggered by the controller. For example: Under Configure > Input/output, a digital output

can be configured to activate if Any latched alarm is present. When the digital output is activated, the lockout relay
connected to it is also activated. If the alarm condition is cleared on the controller, an operator must manually reset the
lockout relay.

When the controller is connected to an external lockout relay, the controller interfaces with the lockout relay. When the
controller interfaces with an external lockout relay, the controller is not seen as the lockout relay for the system.
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5. Alarms and protections

5.1 Non-essential loads

511 NEL # over-current

These non-essential load trips (NELs) are for over-current protection. The over-current

trip may, for example, be activated by inductive loads and an unstable power factor (PF < Value ﬁ\ Z f

0.7), which increase the current. Delay
Set

The trip response is based on the highest phase current true RMS values from the [A- point

sidel], as measured by the controller.

. . time
Up to three NEL trips are available.

Non-essential load trip > Trip # * > Over-current

These parameters are only visible if the non-essential loads are configured on the application single-line diagram.

Set point 50 to 200 % of nominal current

Delay 01sto1h

NOTE *#is1to 3.

The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.

5.1.2 NEL # under-frequency

These NEL trips are for [B-side] under-frequency protection. Value A Z A
\ Delay

The trip response is based on the lowest frequency in the 3-phase voltage from the [B- ?)'ier:t

side], as measured by the controller. P \-\_-

Up to three NEL trips are available. tirTve

Non-essential load trip > Trip # * > Under-frequency

These parameters are only visible if the non-essential loads are configured on the application single-line diagram.

Set point 70 to 100 % of nominal frequency

Delay 01sto1h

NOTE *#is1to 3.

The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.
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51.3 NEL # overload

These non-essential load trips (NEL) are for overload protection. Tripping the NEL groups
reduces the active power load at the busbar, and thus reduce the load percentage on all
the running gensets. This can prevent a possible blackout at the busbar due to Value {‘ Z A
overloading the running gensets. Delay

Set
The alarm response is based on the active power (all phases), supplied by the [A-side], point

as measured by the controller.

ti;le
Up to six NEL trips are available. You can configure Overload 1 for three overload trips,
and Overload 2 for three fast overload trips.

Non-essential load trip > Trip # * > Overload [l or 2]
These parameters are only visible if the non-essential loads are configured on the application single-line diagram.

Set point 10 to 200 % of nominal power

Delay 01sto1h

NOTE *#is1to 3.

The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.

5.1.4 NEL # reactive overload

These non-essential load trips (NELs) are for reactive overload protection. Tripping the
NELs reduces the reactive power load at the busbar, and thus reduce the load \/;,,/ue1
percentage on all the running gensets. This can prevent a possible blackout at the busbar g Delay A

due to overloading the running gensets. ’4/7?’-
Set

The alarm response is based on the reactive power (all phases), supplied by the [A-side], point /
as measured by the controller.

time
Up to three NEL trips are available.

Non-essential load trip > Trip # * > Reactive overload

These parameters are only visible if the non-essential loads are configured on the application single-line diagram.

Set point 10 to 200 % of nominal reactive power

Delay 01sto1h

NOTE *#is1to 3.

The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.
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5.2 General system alarms

5.21 System not OK

This alarm communicates that there is a problem with one of the hardware modules
in the controller. 1 A
The system is okay if all of the following conditions are met: Alarm >
. - . Status OK
« All the modules in the rack are sending an OK signal.
« All the modules in the rack have a software version that is compatible with the 0 Tirie

controller software.
« All the modules required for a specific controller type are present in the rack.

« The alternating current module has received all the required settings (wiring
mode, nominal settings, and so on) at start-up.

More information
See Fieldbus troubleshooting in the PICUS manual for EtherCAT
connection errors and extension rack problems.

e The controller software has started and is running OK.

By default, the Status OK alarm output is configured to terminals 7 and 10 on the controller.

Local > Monitoring > System not OK

This alarm is always enabled.

More information
See Alarm status digital outputs for how the Status OK alarm is configured.

5.2.2 Critical process error

The alarm communicates that the controller's critical communication and/or processing are disrupted.

The alarm action is Warning and the alarm is always enabled. The controller also activates the System not OK alarm. The
alarm parameters are not visible.

It is unlikely that customers will see this alarm. If you do see this alarm take the following actions:
1. Restart the controller.

2. If restarting does not help, update the controller software to the latest version.

3. Contact DEIF.

5.2.3 Configuration update delayed

The controller activates this alarm if an operator and/or external equipment is changing the controller configuration too
quickly. For example, a programming error on a PLC can create a storm of Modbus changes.

To protect the controller's internal memory, the excess configuration changes are not stored immediately. The delay can be
up to 10 minutes. If the controller loses power during this time, the changes may be lost.

The alarm is always enabled. The alarm action is Warning. The alarm is automatically acknowledged when the configuration
changes are stored. The alarm parameters are not visible.

5.2.4 System power management network error

Controller types: This alarm is present in all controllers.
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https://www.deif.com/rtd/picus

This alarm communicates that the same System power management setting changed at the exact same time on two or
more controllers. If the alarm activates, all the controllers where the setting changed at the same time are forced to
switchboard control.

The alarm condition can be cleared by resetting the controllers on which the alarms occurred.

The alarm action is Warning, and the alarm is always enabled. You cannot see or change the alarm parameters.
5.2.5 Power management rules network error

Controller types: This alarm is present in all controllers.

This alarm communicates that the same setting in Power management rule 1to 8 changed at the exact same time on two or
more controllers. If the alarm activates, all the controllers where the setting changed at the same time are forced to
switchboard control.

The alarm condition can be cleared by resetting the controllers on which the alarms occurred.
The alarm action is Warning, and the alarm is always enabled. You cannot see or change the alarm parameters.

5.2.6 AC protections not running

This alarm communicates that there is a problem with the AC protections and/or that the controller has an EtherCAT
connection problem. The alarm parameters are not visible.

More information
See Fieldbus troubleshooting in the PICUS manual for EtherCAT connection errors and extension rack problems.

5.2.7 Fieldbus connection missing

This alarm is for the internal communication between the controller and its extension units. If there is a redundancy
connection, this alarm communicates that an Ethernet connection is missing or broken.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.

5.2.8 Fieldbus conflict

This alarm is for the internal communication between the controller and its extension units. If there is a hardware change or
hardware failure, this alarm communicates that the hardware configuration does not match the previous hardware
configuration.

The alarm is always enabled, and the alarm action is Block. The alarm parameters are not visible.
Use Configure > Fieldbus configuration in PICUS to correct the hardware configuration.
5.2.9 Priority error

Controller types: This alarm is present in all controllers.

This alarm communicates that a number of controllers cannot synchronise the priorities in the network. If the alarm
activates, the controller is forced to switchboard control.

This alarm activates when one of the following conditions are present:
e There is an error in the system.
e« The wrong controller types are present in the system.
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« The wrong controller IDs are present in the system.
« The single line application drawings for all the controllers in the system are not the same.

The alarm action is Warning, and the alarm is always enabled. You cannot see the alarm parameters.

5.2.10 Controller ID not configured

This alarm communicates that the user has never configured the Controller ID. When this alarm is active, the controller is
always under Switchboard control.

The alarm is always enabled and the action is Warning. The alarm parameters are not visible.

5.2.11 Trip AVR output not configured

This alarm communicates that there is an alarm configured that has a Trip AVR alarm action, but the Trip AVR output is not
configured.

The alarm is always enabled and the action is Warning. The alarm parameters are not visible.

The Trip AVR digital output can be configured under Generator > AVR > Trip AVR on the Input/output page.
Alternatively the output can be configured using Modbus.

5.212 NTP server not connected

The alarms NTP server 1 not connected, NTP server 2 not connected, or No NTP server(s) connected are activated when
the NTP server(s) are configured, but the controller did not connect to the server(s) within 10 minutes after the
configuration is written to the controller. These alarms are triggered if the controller network cannot access the NTP
server(s), or if the NTP server(s) are not set up correctly.

Configure the parameters for these alarms under Communication > NTP. The alarm action is always Warning and cannot
be changed.

5.2.13 NTP server no response

The alarms NTP server 1 no response, NTP server 2 no response, or No NTP server time synchronisation are activated
when the controller was successfully connected to NTP server(s), but the server(s) did not respond to the controller for up
to 22 minutes.

Configure the parameters for these alarms under Communication > NTP. The alarm action is Warning and cannot be
changed.

5.2.14 Live power detected (emulation)
This alarm informs the operator that live power was detected during emulation.

The controller activates this alarm if Test functions > Emulation > Emulation active is Enabled and live power is
detected on MIO2.1.

The alarm is always enabled. You cannot see or change the alarm parameters.

5.2.15 Emulation disabled (live power)

This alarm informs the operator that emulation has been disabled (because live power was detected during emulation).

Designer's handbook 4189341396C EN Page 118 of 489



The controller activates this alarm if Test functions > Emulation > Emulation active is Enabled and live power is
detected on MIO2.1. The alarm changes the emulation parameter to Not enabled on all controllers in the system.

The alarm is always enabled. You cannot see or change the alarm parameters.
5.3  Custom input alarms

5.3.1 Digital input (DI) alarms

You can configure custom alarms for any of the controller digital inputs (DI). When the digital input (DI) is triggered the
alarm becomes active in the system and the controller does the associated alarm action.

e HIGH input trigger example Digital
»’— input 1 g @ g ’ A

Select High for the alarm trigger level. %#» }4—2>{
HIGH — 1

By default, a digital input (DI) is normally low, and the

alarm is activated if the digital input is high for longer

than the Time delay.
LOW >

\/
I

s LOW input trigger example Digital
input 4 g ® Z ¢ A
Alternatively, configure the digital input (DI) so that the }4*}» ’4—2+

alarm is activated if the digital input is low for longer HIGH
than the Time delay.

Select Low for the alarm trigger level.

LOW ~

Input/output > [Hardware module] > DI > Alarms

N L S

Name Text Name for the alarm
Trigger level Low, High Whether the alarm is triggered at High or Low.
Delay Osto1lh

5.3.2 Analogue input (Al) alarms

You can configure custom alarms for the controller analogue inputs (Al). When the analogue input alarm set point is
exceeded for longer than the delay time, then the alarm becomes active in the system and the controller does the
associated alarm action.

Configure the analogue input (Al) sensor setup (including the scale) before creating an alarm for the input. The
configuration of the analogue input determines the configuration of the alarm. For example, the analogue input can be
configured as a 0 to 20 mA current input that corresponds to a percentage. The analogue input alarm is then configured for
a certain percentage set point.

More information
See Analogue input characteristics and configuration for how to configure sensor failure alarms.
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Input/output > [Hardware module] > AI > Alarms

e Trange e

Name Text Name for the alarm

Trigger level Low, High Whether the alarm is triggered at High or Low.
Delay Osto1h

Set point Varies Depends upon selected input scale unit
Reset hysteresis Varies Depends upon selected input scale unit

Low oil pressure analogue input alarm example

pa

Configure the analogue input for the oil pressure sensor under [Hardware module] > Al > Sensor setup. In this
example, the sensor provides a 4 to 20 mA signal, which corresponds linearly to 0 to 10 bar.

Configure the sensor as follows:

Sensor = 0 to 25 mA

Units = bar

Select an unused Custom input scale #.

Input (mA), Minimum = 4, Maximum = 20

Output (bar), Minimum = 0, Maximum = 10

Create two points for the curve: 4 mA and 0 bar; and 20 mA and 10 bar.

Configure the alarm as follows:

Name = Low oil pressure

Trigger level = Low

Enable = Enabled

Delay = 0.1 seconds

Set point = 7 bar

Action = Trip generator breaker and shutdown engine
Inhibit = Engine not running

If the engine is running, but the oil pressure falls below 1 bar (this corresponds to an analogue input of less than
5.6 mA) for more than 0.1 seconds, then the alarm is activated. The controller trips the breaker and shuts down the
engine.

5.4 General hardware module alarms
5.41 Software mismatch on hardware module(s)

This alarm is activated if any of the hardware modules in the controller have a software version installed that differs from
the expected version. The alarm action is Warning. The alarm parameters are not visible.

NOTE This alarm is only activated if you install a replacement hardware module in the controller. The new module can
have different software to the rest of the controller. Reinstall or update the controller firmware to fix the problem.

This alarm activates the System not OK alarm.

5.4.2 Required hardware card(s) not found

This alarm communicates that some of the default hardware modules for the controller type were not found. The alarm
action is Warning. The controller also activates the System not OK alarm. The alarm parameters are not visible.

If one or more default controller hardware modules are missing, then this alarm is activated on start-up.
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5.4.3 Cardissue detected

This alarm is for issues with a hardware module. If an issue is detected with a hardware module, the alarm is activated. This
indicates that there is a problem with a hardware module.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.
The value in the Event log shows which hardware module has an issue. It could be a hardware defect.

Contact DEIF product support for assistance and help identify the hardware issue. This may require a replacement
hardware module.

55 Controller

5.51 PCM2.1 supply voltage low alarm

Value A Z

This default alarm is for power supply voltage protection. S ) Delay ,
et

point

The alarm is based on the power supply voltage measured by the controller. The alarm is
activated when the power supply voltage is less than the set point for the delay time.

time

Hardware > PCM2.1 > Low voltage alarm

Set point 8.0t0 32.0V DC

Delay Osto1lh

5.5.2 PCM2.1 supply voltage high alarm

Value 1‘

X petay A\

This default alarm is for power supply voltage protection. Delay

Set
The alarm is based on the power supply voltage measured by the controller. The alarm is point
activated when the power supply voltage exceeds the set point for the delay time.

time

Hardware > PCM2.1 > High voltage alarm

Set point 12.0t0 36.0 VDC

Delay Osto1lh

5.5.3 Controller temperature too high

This is a built-in alarm for the controller internal temperature, as measured on the controller. The alarm is triggered when
the controller internal temperature is higher than 80 °C (176 °F). The alarm action is Warning. The alarm parameters are not
visible.

If the controller operates at internal temperatures higher than 80 °C (176 °F), the performance and the lifetime of the
controller is significantly reduced.
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5.5.4 Clock battery failure alarm

The Clock battery failure alarm is activated when the battery in controller needs to be replaced. The alarm action is
Warning. The alarm parameters are not visible.

5.5.5 Network and communication alarms

5.5.5.1 Data loss from a controller

This alarm is for data loss detected from a controller. If there is more than 5% data loss for over 60 seconds, the alarm is
activated. This can indicate a bad network or an overloaded controller.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.
It is recommended to run network diagnostics of the network if this alarm is activated.

5.5.5.2 Data loss on DEIF network

This alarm is for data loss detected on the DEIF network. If there is more than 5% data loss for over 60 seconds, the alarm
is activated. This can indicate a bad network or an overloaded controller.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.
It is recommended to run network diagnostics of the network if this alarm is activated.

5.5.5.3 Unknown traffic on DEIF network

This alarm is for unknown traffic detected from on the DEIF network. If there is unknown data detected on the network, the
alarm is activated without delay. This can indicate non-DEIF equipment sending data that may affect the DEIF
communication.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.

It is recommended to check both cable wiring and remove any non-DEIF equipment from the network if this alarm is
activated.

5.5.5.4 High traffic to DEIF network

This alarm is for high traffic detected on the DEIF network. If there is high traffic on the network, the alarm is activated
without delay. This can indicate configuration or controller errors that may affect the DEIF communication.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.
Contact DEIF support if this alarm is activated.
5.6 Measurement Input Output module MIO2.1

5.6.1 Relay # wire break alarms

These alarms are for MIO2.1 configured digital output channels. The wire break monitoring is only active when the digital
output is open.

Hardware > MIO2.1 > Relay # supervision *

Delay 0.0sto1h
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NOTE *#is9to16.

5.7 CODESYS alarms
5.71 CODESYS application not OK

This alarm alerts the operator that there is a communication problem between CODESYS A
CODESYS and the controller. communication Z Delay
Active X ”

If communication between CODESYS and the controller was active and became
inactive, the delay timer starts. If the communication does not become active
within the delay period, the alarm is triggered.

Inactive

Time
Controller types: This alarm is present in all controllers that have CODESYS
installed.

CODESYS > Monitoring > Application not OK

Startup time 0to 600 s

Delay 0.00 s to 5 min

5.7.2 CODESYS configuration conflict

If the same input/output function is configured in CODESYS and the controller at the same time, this alarm is triggered.
The conflict sets the Link_OK output on the controller function block in the program to FALSE.

Controller types: This alarm is present in all controllers that have CODESYS installed.

CODESYS > Monitoring > I/0O config conflict

This alarm is always enabled.

To clear the alarm, you can either:
* Remove the conflicting function from the CODESYS project, and update the CODESYS application on the controller.
* Remove the conflicting function from the controller, and perform a warm reset of the CODESYS application.

More information
See CODESYS Integration manual for how to perform a Warm reset with CODESYS.

5.8 Eventlogging
5.8.1 App logging failure

This alarm is for detection of any corrupted information detected in the log. If there is any detected corrupted data in the
application log, the alarm is activated.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.

In the unlikely event this alarm occurs, contact DEIF product support for assistance.
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5.8.2 Eventlogging failure

This alarm is for detection of any corrupted information detected in the log. If there is any detected corrupted data in the
event log, the alarm is activated.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.

In the unlikely event this alarm occurs, contact DEIF product support for assistance.

5.9 Advanced blackout prevention
5.91 Advanced blackout prevention function

The Advanced Blackout Prevention (ABP) function stops a faulty genset from causing a blackout. ABP trips the BTB if a
genset governor or AVR fails. ABP also trips the faulty genset's generator breaker. The ABP protections allow the system to
run with the bus tie breaker (BTB) closed during critical operations. This saves fuel.

ABP is a set of protections, and therefore overrides the requirements of the power management system (PMS).

Requirements for ABP

If you want to use ABP, ensure that you have:

« At least one GENSET controller in each section.

« At least one BUS TIE breaker controller between the sections.

e ALL the ABP alarms enabled in the BUS TIE breaker controller(s).

Recommendations for ABP

Before closing the bus tie breaker during critical operation, DEIF recommends that you:

« Ensure that there is at least one connected genset in each section.

« Set the GENSET controller priorities so that the PMS does not disconnect and stop all of the gensets in one section.

¢ In each section, connect the Power management > Available P in section [%] analogue output to the heavy

consumer(s), for example, the thruster. If ABP trips the BTB and the available power for a section is reduced, the heavy
consumer can then reduce its load.

« Configure the timers for tripping the BTB and disconnecting the gensets so that the BTB trips first. The faulty genset's
GENSET controller can then trip the generator breaker after the BTB trips.

Application single-line diagram
Configure ABP in the BUS TIE breaker controller(s) and the GENSET controllers.

If one or more ABP alarms are not enabled in a BUS TIE breaker controller, ABP is not enabled for that BUS TIE breaker
controller.

For BUS TIE breaker controllers where all the ABP alarms are enabled, ABP trips the BTB based on the measurements from
the connected GENSET controllers on the Busbar A section and Busbar B section.

ABP can be used with multiple BUS TIE breaker controllers and busbar sections. Each BUS TIE breaker controller with ABP
enabled responds to the measurements from the closest connected GENSET controllers on its Busbar A section and Busbar
B section.

When a BTB is opened or closed, the busbar sections change.

The position of an externally controlled bus tie breaker affects the busbar sections. However, ABP cannot be configured for
an externally controlled bus tie breaker.

More information
See Busbar sections for more information.
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ABP is not designed for connected shaft generators and/or shore connections, and ignores their measurements.
Example of ABP with two bus tie breakers

DEIF network Ethernet

\ N

BUS TIE BUS TIE
breaker breaker
controller controller
1 2
Busbar A Busbar B Busbar A J Busbar B

BTB1 BTB2
Bus tie Bus tie

breaker 1 breaker 2

If all the ABP protections are enabled in both BUS TIE breaker controller 1and 2:
« If the governor/AVR fails on Genset A:

o One of the ABP protections trips bus tie breaker 1, to protect the section with Gensets C, D, E and F.

o Bus tie breaker 2 does not trip, because there is a closer bus tie breaker with ABP enabled (that is, bus tie breaker 1).
o If the governor/AVR fails on Genset C:

o One of the ABP protections trips bus tie breaker 1, to protect the section with Gensets A and B.

o One of the ABP protections trips bus tie breaker 2, to protect the section with Gensets E and F.

If all the ABP protections are only enabled on BUS TIE breaker controller 2:
« If the governor/AVR fails on Genset A:

o One of the ABP protections trips bus tie breaker 2, to protect the section with Gensets E and F.
« If the governor/AVR fails on Genset C:

o One of the ABP protections trips bus tie breaker 2, to protect the section with Gensets E and F.

If none of the ABP protections are enabled in the BUS TIE breaker controllers, but all of the ABP protections are enabled in
the GENSET controllers:

o If the governor/AVR fails on Genset A:
o One of the ABP protections can trip the Genset A generator breaker.
o One of the AC protections can trip the Genset A generator breaker.
o One of the AC protections can trip Genset B, C, D, E or F's generator breaker.

Parameter in the GENSET controllers

Local power management > Advanced blackout prevention

Delay after
load share Osto1lh
changes

After any of the following changes in the busbar section, ABP is disabled for the configured
delay:
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e A genset connects.

e A genset disconnects. The timer starts when de-loading starts.

« ABTB closes.

* A BTB opens. The timer starts when de-loading starts.

o Asymmetric load sharing is activated/deactivated in a GENSET controller.
e An asymmetric load sharing parameter is changed in a GENSET controller.

Use this delay to stop ABP from tripping the generator breaker due to normal load sharing
changes. This delay timer must run out before the delay configured in an ABP protection can
start.

Note that a bus tie breaker trip caused by an ABP protection does NOT reset the ABP timer for
the genset.

The GENSET controllers also include the following ABP alarms:
e P load sharing failure (low frequency) on DG

e P load sharing failure (high frequency) on DG

¢ Q load sharing failure (low voltage) on DG

¢ Q load sharing failure (high voltage) on DG

Parameter in the BUS TIE breaker controller

Local power management > Advanced blackout prevention

The conditions for this delay are the same as for the GENSET controllers.

Delay after load 0sto1h
s to
share changes Use this delay to stop ABP from tripping the BTB due to normal load sharing changes.

This delay timer must run out before the delay configured in an ABP protection can start.

The BUS TIE breaker controllers also include the following ABP alarms:
e P load sharing failure (low frequency) on a DG

* P load sharing failure (high frequency) on a DG

* Q load sharing failure (low voltage) on a DG

e Q load sharing failure (high voltage) on a DG

e Overload on a DG

e Reverse power ona DG

* Reactive power export on a DG

« Reactive power import on a DG

e OQver-current on a DG

Examples of ABP

These examples are based on the following single-line drawing, and the default ABP parameters. All the ABP alarms are
enabled.

Busbar A Busbar B
[ ] [ ] BTB. p
GB1 GB2 Bus tie GB3 GB4
* * breaker *
I— — I— —
Genset A Genset B Genset C Genset D
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For these examples:

e The system is running with the bus tie breaker closed.

« There are no recent load share changes, and so the "Delay after load share changes" timers are not relevant.

« Gensets A, B and C are connected, and have equal load sharing.

P

\/
I

Genset A governor set point failure example

The GOV increase relay that regulates Genset A is stuck in a closed position. This drives up the load on Genset A,
while the other gensets have less load. The busbar section frequency starts to increase.

One of the following ABP protections trips the BTB:

e P load sharing failure (high frequency) on a DG

e Overload on a DG

e Over-currenton a DG

Genset A continues to draw load from Genset B. This ABP protection can trip the Genset A generator breaker:
o P load sharing failure (high frequency) on DG

Alternatively, one of the following AC protections can trip the Genset A generator breaker:

e Overload

o Over-current

+ Directional over-current

e Fast over-current

* Inverse time over-current

The system now runs with a split busbar, and the generator with the faulty governor (Genset A) disconnected.

Genset C AVR excitation failure example

Genset C's AVR fails, and does not excite the generator as needed. Genset C takes less of the reactive load. The
busbar section voltage starts to decrease.

One of the following protections trips the BTB:
e Q load sharing failure (low voltage) on DG
o Reactive power import on a DG

Genset C tries to supply the required reactive load for the busbar section, but cannot, and the voltage is low. The
Busbar under-voltage alarm trips the generator breaker, and activates a precautionary genset start of Genset D.

The generator breaker trip causes a blackout on the busbar section. When Genset D is started, the power
management system connects Genset D in order to recover from the blackout.

5.9.2 Calculating the load sharing error

For active power, the load sharing error is based on the difference between the measured power and the internal controller
set point, as a percentage of the genset nominal power.

i

Load sharing error = (Measured power - Internal set point power) / (Nominal power)

Load sharing error example

Two gensets are connected to the busbar. Genset A has a nominal power of 1000 kW, while Genset B has a
nominal power of 500 kW. The gensets are configured to each take an equal percentage (based on the genset
nominal power) of the load.
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The total load is 900 kW. The internal controller set point Genset A is therefore 600 kW, and the set point for
Genset B is 300 kW, that is, 60 % of nominal power.

Genset A supplies 500 kW, and Genset B supplies 400 kW.
For Genset A, the load sharing error is (500 kW - 600 kW) / (1000 kW) = -0.1 = -10 %

For Genset B, the load sharing error is (400 kW - 300 kW) / (500 kW) = 0.2 = 20 %

5.9.3 P load sharing failure (low frequency)

A
This advanced blackout prevention alarm can be activated if there is both a low frequency Limit
and a negative P load sharing error at a GENSET controller.
. . . Delay
Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker Set /\N .
time
controllers. point | \_—

GENSET or HYBRID controllers

Local power management > Advanced blackout prevention > P load sharing failure (low
frequency)

Low frequency limit 90 to 110 %
Set point -100 to -0.1 %
Delay Osto1h

BUS TIE breaker controller

Local power management > Advanced blackout prevention > P load sharing failure (low
frequency)

Low frequency limit 90 to 110 %
Set point -100 to -0.1 %
Delay Osto1h

5.9.4 P load sharing failure (high frequency)

This advanced blackout prevention alarm can be activated if there is both a high Limit
frequency and a positive P load sharing error at the GENSET controller. Z

Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker Set

controllers. point /
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GENSET or HYBRID controllers

Local power management > Advanced blackout prevention > P load sharing failure (high
frequency)

High freguency limit 90 to 110 %
Set point 0.11t0 100 %
Delay Osto1h

BUS TIE breaker controller

Local power management > Advanced blackout prevention > P load sharing failure (high
frequency)

High frequency limit 90 to 110 %
Set point 0.11t0 100 %
Delay Osto1h

5.9.5 Qload sharing failure (low voltage)

This advanced blackout prevention alarm can be activated if there is both a low voltage Limit
and a negative Q load sharing error at the GENSET controller.

. . . Delay
Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker ™\ P—4

Set N

point ‘M%e
v \‘\——

controllers.

GENSET or HYBRID controllers

Local power management > Advanced blackout prevention > Q load sharing failure (low
voltage)

Low voltage limit 90 to 110 %
Set point -100 to -0.1 %
Delay Osto1h

BUS TIE breaker controller

Local power management > Advanced blackout prevention > Q load sharing failure (low
voltage)

Low voltage limit 90 to 110 %
Set point -100 to -0.1 %
Delay Osto1h
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5.9.6 Qload sharing failure (high voltage)

A
This advanced blackout prevention alarm can be activated if there is both a high voltage Limit
and a positive Q load sharing error at the GENSET controller.
P g Z Delay A
Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker Ec;)ei)r:t
controllers. P

time

GENSET or HYBRID controllers

Local power management > Advanced blackout prevention > Q load sharing failure (high
voltage)

High voltage limit 90 to 110 %
Set point 0.1t0 100 %
Delay Osto1lh

BUS TIE breaker controller

Local power management > Advanced blackout prevention > Q load sharing failure (high
voltage)

High voltage limit 90 to 110 %
Set point 0.1t0 100 %
Delay Osto1h

5.9.7 Overload on DG

Value 1\

This advanced blackout prevention alarm can be activated if the load on any genset in

Z Delay A
the section exceeds the alarm set point. Set 7?’
point /

Controller types: This alarm is present in BUS TIE breaker controllers.

time

Local power management > Advanced blackout prevention > Overload on a DG

Set point 70 to 250 %

Delay Ostolh
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5.9.8 Reverse power on DG

Value 1\ g ﬁ
This advanced blackout prevention alarm can be activated if the reverse power to any ’\ Delay
genset in the section exceeds the alarm set point. Set

point \_\’

Controller types: This alarm is present in BUS TIE breaker controllers.

time

Local power management > Advanced blackout prevention > Reverse power on a DG
Set point -25t0-01%

Delay Osto1h

5.9.9 Reactive power export on DG

Value 1\

This advanced blackout prevention alarm can be activated if the reactive power export g Delay A

from any genset in the section exceeds the alarm set point. Set 7%
point /

Controller types: This alarm is present in BUS TIE breaker controllers.

time

Local power management > Advanced blackout prevention > Reactive power export on a DG
Set point 0.11to 250 %

Delay Osto1h

5.9.10 Reactive power import on DG

Value 1\ g ﬁ
This advanced blackout prevention alarm can be activated if the reactive power import to \ Delay

any genset in the section exceeds the alarm set point. S?tt
poin

Controller types: This alarm is present in BUS TIE breaker controllers.

time

Local power management > Advanced blackout prevention > Reactive power import on a DG

Set point -120 to -0.1 %

Delay Osto1lh
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5.911 Over-current on DG

Value ﬂ‘

This advanced blackout prevention alarm can be activated if the current from any genset g Delay A

in the section exceeds the alarm set point. Set 7%
point /

Controller types: This alarm is present in BUS TIE breaker controllers.

time

Local power management > Advanced blackout prevention > Over-current on a DG

Set point 70 to 250 %

Delay Ostolh
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6. Breakers, synchronisation and de-loading

6.1 About
6.11 How it works

A number of power sources can supply power to the same busbar. To connect to a live busbar, these power sources must
be synchronised in order to safely connect them. Synchronisation consists of matching the voltage, frequency and phases
on both sides of the breaker that must be closed.

Synchronisation is one of the controller's key functions. Power management synchronises the power sources by using the
appropriate GENSET controller(s) to adjust the speed of the relevant genset(s).

Each controller type monitors the voltage, frequency and phase across its breaker. If the measurements are within the
configured limits, the controller can activate the Breakers > [Breaker] > Controls > [*B] close output.

More information

[ﬂ See Regulation for information on the regulation of the gensets.
See Power management for information on the automatic actions to optimise the power supply.
See each controller type for information on each controller's breaker sequences.

6.1.2 Regulation required for synchronisation

For synchronisation, the controller must be able to adjust the genset frequency (by regulating the genset governor) and
voltage (by regulating the genset AVR).

The power management can only regulate the voltage and frequency by using the GENSET controllers. The power
management cannot regulate the voltage or frequency of the shaft generator, the shore connection, or (in some cases) the
busbar. Where the power management must synchronise to equipment that is not regulated, the power management
regulates the gensets to synchronise to the unregulated equipment.

It does not matter whether the energy sources are already connected to the busbar. The power management only regulates
the gensets to synchronise.

The power management regulates the gensets to synchronise the power sources. The controller measures the conditions
across its breaker(s). When the synchronisation is within the configured limits, the controller activates the Breakers >

[Breaker] > Controls > Close output.

EMERGENCY genset controller

Most of the controller types control only one breaker. However, the EMERGENCY genset controller controls two breakers:
the emergency genset breaker and the tie breaker to the emergency busbar. You can configure different synchronisation
settings for each breaker.

6.1.3 Regulation required for de-loading

If possible, the breakers are de-loaded before they are opened, to reduce wear. A breaker is de-loaded by reducing the flow
of power through the breaker to the configured level. In AUTO and MANUAL mode, the power management de-loads a
breaker by regulating and/or starting the appropriate genset(s) to take the load off that breaker.

The power management does not normally disconnect loads to de-load breakers. A load is only disconnected if the
conditions for a non-essential load (NEL) trip are met.

Regulation
For de-loading, the controller must be able to adjust the genset frequency (by regulating the genset governor).
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De-loading uses the same principles as synchronisation. For synchronisation, the power management adjusts the genset
speed(s) so that the frequencies on either side of the breaker match. For de-loading, the power management adjusts the
genset speed(s) to minimise the flow of power through the breaker.

The power management can only regulate the voltage and frequency of the gensets, by using the GENSET controllers. The
power management cannot regulate the voltage or frequency of the shaft generator, the shore connection, or (in some
cases) the busbar. Where the power management must de-load assets that are not regulated, the power management
therefore regulates the gensets to de-load to the unregulated assets.

Genset breaker de-loading in MANUAL mode
The controller only responds to operator and external breaker commands in MANUAL mode.

If the operator pushes the push-button Open breaker m on the display unit of a GENSET controller in MANUAL
mode, the power management checks whether opening the breaker would cause a blackout. If it would, the power
management will not allow the breaker to open.

PMS-controlled stop

If a running genset has a PMS-controlled stop alarm action, the power management will start the next genset, synchronise it
with the busbar, and close its breaker. The power management will then de-load and open the genset breaker, and stop the
genset that had the PMS-controlled stop alarm action.

NOTE PMS-controlled stop does not ensure that the genset stops. PMS-controlled stop tries to stop the genset, but will
not stop a genset that cannot be de-loaded.

6.2 Synchronisation in each controller mode
6.2.1 Synchronisation in AUTO mode

In AUTO mode, the power management automatically does the regulation required for synchronisation. When the power
sources are synchronised, the controller automatically closes the breaker.

6.2.2 Synchronisation in MANUAL mode

In MANUAL mode, the controller must receive an external signal to synchronise and close the breaker. The power
management then automatically regulates the gensets as required for synchronisation. When the power sources are
synchronised, the controller automatically activates the output to close the breaker.

,0 Synchronisation in MANUAL mode example
— The operator presses Close breaker on the display.

6.2.3 Synchronisation in switchboard control
If the controller is in switchboard control, the synchronisation must be done manually.

To get in switchboard control, the controller must receive an external signal. This is normally done using a switch on the
switchboard that is connected to one of the controller's digital inputs. That digital input is then assigned the L.ocal > Mode

> Switchboard control function.

Switchboard control equipment

The following table lists the third party equipment (hardware not generally supplied by DEIF) that may be used for
switchboard control. The switchboard buttons are connected directly to the genset or breaker, and are not connected to the
controller.
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Table 6.1 Example typical third party equipment

L £

Switchboard control

selector ON/OFF switch The operator uses this to switch the controller to switchboard control.

GOV up * Push-button The operator sends a signal directly to the governor to increase the
genset speed.

GOV down * Push-button The operator sends a signal directly to the governor to decrease the
genset speed.

AVR up * Push-button Thg operator sends a signal directly to the AVR to increase the genset
excitation.

AVR down * Push-button Thg operator sends a signal directly to the AVR to decrease the genset
excitation.

Breaker close Push-button The operator sends a signal directly to the breaker to close the
breaker.

Breaker open Push-button The operator sends a signal directly to the breaker to open the
breaker.

, The synchroscope shows the synchronisation across the breaker. The
For example, DEIF's .
Synchroscope sync check relay in the synchroscope prevents the breaker from

e closing when it is not synchronised.

NOTE * These only apply to gensets. The AVR inputs are optional.

For stable operation during manual regulation under switchboard control, the governor and AVR must include the required
amount of droop.

Manual regulation during switchboard control using controller inputs

The switchboard manual regulation buttons can be connected to digital inputs on the controller, and configured with the
following functions:

e Regulators > GOV > Manual > Manual GOV increase
e Regulators > GOV > Manual > Manual GOV decrease
e Regulators > AVR > Manual > Manual AVR increase

e Regulators > AVR > Manual > Manual AVR decrease

During switchboard control, when the operator presses the buttons, the controller adjusts the governor and/or AVR output.

More information
See Control and modes for more information.

Synchronising during switchboard control

During switchboard control, if the operator wants to synchronise and close a breaker, the operator must use the
switchboard to operate the system. The operator manually adjusts the speed of the relevant equipment until the
frequencies are almost the same. The operator then finely adjusts the speed until the power sources are in phase. The
phase synchronisation of the power sources must be shown by a switchboard instrument, for example, a synchroscope.
When the phases are within the synchronisation limits, the operator closes the breaker.
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Protections during switchboard control

NOTICE

Operator errors during switchboard control

The controller protections will not protect the system against all possible operator errors during switchboard
control.

The controller protections are active during switchboard control, but there are no proactive checks for the operator inputs.
This means that while the controller is under switchboard control, it is possible for an operator to use switchboard
operations to potentially damage or destroy equipment.

s Operator error during switchboard control

\ A

In a slow system, an operator accidentally increases the generator speed above the recommended speed by
repeatedly pressing the GOV up switchboard push-button.

If the speed increases past the set point for the Overspeed 1 alarm, the timer for the alarm starts. If the generator
speed stays above the set point for longer than the allowed time, the Overspeed 1 alarm activates and the
generator shuts down.

If the speed increases past the set point for the Overspeed 2 alarm, the alarm activates and the generator shuts
down.

In the example the damage to the generator was minimised due to the active protections in the controller. However a more
dangerous situation could occur if a breaker is forced to close when the busbars are not synchronised.

For this reason, a well-designed switchboard (including a sync check relay) is essential for operating the system during
switchboard control.

6.3 Configuring breakers
6.3.1 Breaker commands
Digital inputs (optional)

The following inputs are not part of the breaker configuration and are optional. They can be used for commands to the
controller.

T I

Breakers > [Breaker] > Command This input has the same effect as pressing the Breaker
N Digital input Pulse

> [*B] open open on the display.

Breakers > [Breaker] > Command This input has the same effect as pressing the Breaker

Digital input Pulse

> [*B] close close on the display.

Breakers > [Breaker] > Command Digital inout Continuous The controller does not allow the breaker to close
> Block [*B] close 9 P while this input is active.

6.3.2 Pulse breaker
A pulse breaker closes or opens in response to a pulse from the controller.
Wiring examples

More information
See Breaker wiring in the Installation instructions for an example of pulse breaker wiring.
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Inputs and outputs

g e e e

Breakers > [Breaker]

Controls > [*B] close

Breakers > [Breaker] >

Controls > [*B] open

Breakers >
Controls >

[Breaker] >

[*B] trip

Breakers >
Feedback >

[Breaker] >
[*B] open

Breakers >
Feedback >

[Breaker] >

[*B] closed

Breakers >
Feedback >
circuit

[Breaker] >

[*B] short

Parameters

Digital output

Digital output

Digital output

Digital input

Digital input

Digital input

The controller activates the [*B] close output to close

Pul
uise the breaker.
The controller activates the [*B] open output to open the
Pulse
breaker.
The controller activates the Trip output when an alarm
with a trip breaker action activates.
Continuous
The output remains active until all alarms with a trip
breaker action are resolved.
. Wire this feedback from the breaker, to inform the
Continuous .
controller when the breaker is open.
. Wire this feedback from the breaker, to inform the
Continuous .
controller when the breaker is closed.
. Optional: Wire this feedback from the breaker, to inform
Continuous

the controller if a short circuit occurs.

Breakers > [Breaker] configuration > Configuration

T

e Pulse breaker

Breaker type .

Compact breaker

e« Continuous breaker

Pulse time ON

Open point

(de-loading) power

Sequence diagram
Table 6.2

Close e
1
(1) breaker ‘:l

0.0t060.0 s

1.0 to 20.0 % of nominal

Closing a pulse breaker

t1
[

Breaker
(2) closed
feedback

Breaker
(3) open
feedback
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This breaker requires a pulse signal to close, and a different pulse signal
to open.

The length of the breaker close pulse (that is, the maximum amount of
time that the Breakers > > Control > [*B]

output is activated).

[Breaker] close

If the controller receives breaker closed feedback within this time, the
controller stops activating the breaker close output.

The breaker is de-loaded when the power flowing through the breaker is
less than this set point. The nominal power is the nominal power of the
[A-sidel.

Pulse on (Parameters > Breakers >
time ON)

[Breaker] > Pulse

To close a pulse breaker:

1. Close breaker: Breakers > [Breaker] > Controls > [*B]
close (digital output). The controller activates this output until there
is breaker closed feedback, or for the Pulse time ON.

. Breaker closed feedback: Breakers > [Breaker] > Feedback >
[*B] closed (digital input). This input is activated when the breaker
is closed.

. Breaker open feedback: Breakers > [Breaker] > Feedback >
[*B] open (digital input). This input is deactivated when the breaker
is closed.
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Table 6.3 Opening a pulse breaker

Pulse on (Parameters > Breakers > [Breaker] > Pulse

t1 time ON)
[ ]

Open b
(1) brepaker ,:l To open a pulse breaker:

1. Open breaker: Breakers > [Breaker] > Controls > [*B]
open (digital output). The controller activates this output until there is
Breaker breaker open feedback, or for the Pulse time ON.
@ fecézz(;?:k e —|— 2. Breaker closed feedback: Breakers > [Breaker] > Feedback >
[*B] closed (digital input). This input is deactivated when the
Breaker breaker is opened.
(3) open I 3. Breaker open feedback: Breakers > [Breaker] > Feedback >
feedback [*B] open (digital input). This input is activated when the breaker is
opened.

Table 6.4 Trip a pulse breaker

Pulse on (Parameters > Breakers >

Number of f t [Breaker] > Pulse time ON)
(1) trip breaker 0 To trip a pulse breaker:
alarms _—

1. Number of trip breaker alarms: The number of
active alarms with a Trip [breaker] (or similar) alarm
action.

(2) br;—;izer j 2. Trip breaker: Breakers > [Breaker] >

Controls > [*B] trip (digital output). The
controller activates this output until all alarms with a
Trip [breaker] (or similar) alarm action are not
t1 .
Open -« 4—4 active.
(3 breaker 4:| 3. Open breaker: Breakers > [Breaker] >
Controls > [*B] open (digital output). The
controller activates this output until there is breaker

Breaker open feedback, or for the Pulse time ON.
(4) feczgzeaik > 4. Breaker closed feedback: Breakers > [Breaker]

> Feedback > [*B] closed (digital input). This
input is deactivated when the breaker is opened.

Breaker
(5) open 5. Breaker open feedback: Breakers > [Breaker]
feedback > Feedback > [*B] open (digital input). This

input is activated when the breaker is opened.

6.3.3 Compact breaker

To close a compact breaker, the controller sends an open pulse to load the spring, followed by a pause, and then a close
pulse.

Wiring examples

More information
See Wiring for controller functions, Breaker wiring in the Installation instructions for an example of compact
breaker wiring.
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Inputs and outputs

e [ O

Breakers > [Breaker] > Digital Pulse When the power sources are synchronised, the controller
Controls > [*B] close output activates the [*B] close output to close the breaker.
Breakers > [Breaker] > Digital The controller activates the [*BJ open output to open the
Pulse breaker. The controller also activates the [*B] open output to
Controls > [*B] open output .
spring-load the breaker.
The controller activates the Trip output when an alarm with a
. trip breaker action activates.
Breakers > [Breaker] > Digital Conti
Controls > [*B] trip output ontinuous
The output remains active until all alarms with a trip breaker
action are resolved.
Breakers > [Breaker] > Wire this feedback from the breaker, to inform the controller

Digital input  Continuous

Feedback > [*B] closed when the breaker is closed.

Breakers > [Breaker] > Digital inout  Continuous Wire this feedback from the breaker, to inform the controller
Feedback > [*B] open 9 P when the breaker is open.

Breakers > [Breaker] >

Feedback > [*B] spring Digital input  Pulse
loaded

Optional. The breaker sends this pulse when it is spring
loaded. There is also a timer for spring loading.

Breakers > [Breaker] >

Feedback > ['B] short Digital input  Continous
circuit

Optional: Wire this feedback from the breaker, to inform the
controller if a short circuit occurs.

The following inputs and outputs are not part of the breaker configuration and are all optional.

T O S L

Breaker > [Breaker] > Command Digital input  Pulse This input has the same effect as pressing the Breaker
> [*B] open 9 P open button on the display unit.

Breaker > [Breaker] > Command Didital inout  Pulse This input has the same effect as pressing the Breaker
> [*B] close 9 P close button on the display unit.

Breaker > [Breaker] > Command Digital inout Continuous The controller does not allow the breaker to close while
> Block [*B] close 9 P this input is active.

Parameters

Breakers > [Breaker] configuration > Configuration

orameter—ronge s

Compact breaker: This is a type of pulse breaker. In addition, a compact
breaker has a spring loaded opening mechanism, which must be allowed to
charge before the compact breaker is allowed to close.

e Pulse breaker
Breaker type e Compact breaker

* Continuous breaker To see the compact breaker parameters, you must change the breaker type,

then write the change to the controller, and refresh.

The length of the synchronisation pulse (that is, the maximum amount of time

that the Breakers > [Breaker] > Controls > [*B] close output is activated).
Pulse time ON (.0to 60.0s

If the controller receives breaker closed feedback within this time, the

controller stops activating the breaker close output.

Pulse time 0.0110.0 s During the close sequence, after spring-loading, the controller will not send
OFF : ) the [*B] close pulse until after this time has elapsed.
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oot range s

Spring load 0.0 10300 s At the start of the close sequence, for spring loading, the controller activates
time ’ ’ the [*B] open output for the Spring load time.

Open point 1.0 to 20.0 % of nominal The breaker is de-loaded when the power flowing through the breaker is less
(de-loading)  power than this set point. The nominal power is the nominal power of the [A-side].

Sequence diagrams
Table 6.5 Closing a compact breaker

Spring load time (Breakers > [Breaker]

t1 t1
- F—' configuration > Spring load time)

(1) Open j I_l

breaker o Wait after spring-loading (Breakers > [Breaker] >

Pulse time OFF)

Spring- t3 Pulse on (Breakers > [Breaker] > Pulse time
(2) loaded I on)

feedback

t2 t3

Close :j
3 [
& breaker

Breaker
(4) closed |

feedback

To close a compact breaker:

1. Open breaker: Breakers > [Breaker] > Controls > [*B] open (digital output). To spring load the breaker, the
controller activates this output until there is spring loaded feedback, or for the Spring load time. After the breaker is
spring loaded, the controller waits for the Pulse time OFF.

2. Optional: Spring loaded feedback: Breakers > [Breaker] > Feedback > [*B] spring loaded (digital input).
This input is activated when the breaker is spring loaded.

3. Close breaker: Breakers > [Breaker] > Controls > [*B] close (digital output). The controller activates this
output until there is breaker open feedback, or for the Pulse time ON.

4. Breaker closed feedback: Breakers > [Breaker] > Feedback > [*B] closed (digital input). Thisinputis
activated when the breaker is closed.

Table 6.6 Opening a compact breaker

1 Pulse on (Breakers > [Breaker] > Pulse time ON)

t1
(1) Open j I_l To open a compact breaker:

breaker 1. Open breaker: Breakers > [Breaker] > Controls > [*B]
open (digital output). The controller activates this output until there is
Breaker breaker open feedback, or for the Pulse time ON.

(2) closed - | 2. Breaker closed feedback: Breakers > [Breaker] > Feedback >

feedback [*B] closed (digital input). This input is deactivated when the
breaker is opened.
Breaker 3. Breaker open feedback: Breakers > [Breaker] > Feedback >
(3 fe:gggck - I [*B] open (digital input). This input is activated when the breaker is

opened.
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Table 6.7 Trip a compact breaker

Pulse on (Breakers > [Breaker] > Pulse

1 .
Number of 1 time ON)
(1) trip breaker 0 To trip a pulse breaker:
alarms E—

1. Number of trip breaker alarms: The number of
active alarms with a Trip [breaker] (or similar) alarm
action.

2. Trip breaker: Breakers > [Breaker] >
Controls > [*B] trip (digital output). The
controller activates this output until all alarms with a
Trip [breaker] (or similar) alarm action are not

Trip b
2
2 breaker ‘:I

i

-« M active.
3) Open j
breaker 3. Open breaker: Breakers > [Breaker] >
Controls > [*B] open (digital output). The
controller activates this output until there is breaker
Breaker open feedback, or for the Pulse time ON.
(4)  closed = 4. Breaker closed feedback: Breakers > [Breaker]
feedback . -
> Feedback > [*B] closed (digital input). This
input is deactivated when the breaker is opened.
Breaker
(5) open 5. Breaker open feedback: Breakers > [Breaker]

feedback > Feedback > [*B] open (digital input). This
input is activated when the breaker is opened.

6.3.4 Continuous breaker

NOTICE

Not suitable for marine use

Due to class requirements, this breaker type is not suitable for marine use. This is because, if the controller
failed, then the breaker would open and the ship would lose power.

You can configure a continuous breaker to use a open breaker signal, an close breaker signal, or an open and a close
breaker signal to open and close the breaker. Configuring both an open and a close breaker signal for a continuous breaker
ensures that synchronisation is precise and that AC protections meet the required operation times.

Wiring examples
More information
See Breaker wiring in the Installation instructions for an example of continuous breaker wiring.

Inputs and outputs

For a continuous breaker, DEIF recommends installing both of the breaker control relays to ensure precise synchronisation
and AC protection operate times.

Funcion o Topeomms

The controller activates the Close output to close the breaker.
Continuous To open the breaker, the controller deactivates the Close
output. The Close relay ensures precise synchronisation.

Breakers > [Breaker] > Digital
Controls > [*B] close output

The controller activates the Open output when the breaker
Continuous must open. The controller deactivates the Open output when
Controls > [*B] open output the breaker must close. The Open relay ensures the AC
protection operate times.

Breakers > [Breaker] > Digital
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Funcion o e omms

The controller activates the Trip output when an alarm with a

. trip breaker action activates.
Breakers > [Breaker] > Digital

Controls > [*B] trip output Continuous
The output remains active until all alarms with a trip breaker
action are resolved.

Breakers > [Breaker] > Wire this feedback from the breaker to inform the controller

Digital input Continuous

Feedback > [*B] closed when the breaker is closed. *

Breakers > [Breaker] > Digital inout  Continuous Wire this feedback from the breaker to inform the controller
Feedback > [*B] open 9 P when the breaker is open. *

Breakers > [Breaker] >

Feedback > [*B] short  Digital input Continuous
circuit

Optional. Wire this feedback from the breaker if a short circuit
occurs.

NOTE * There must be at least one breaker feedback.

Parameters

Breakers > [Breaker] configuration > Configuration

orameter—rnge s

Continuous breaker: This breaker receives a continuous signal to close if [B*]
close, or the [B#*] close and [B#*] open functions are configured. If this signal
stops, the breaker opens.
e Pulse breaker
Breaker type e Compact breaker If only the [B*] open is configured, the breaker receives a continuous signal to
o Continuous breaker open. If this signal stops, the breaker synchronises and closes.

Due to class requirements, this breaker type is not suitable for marine use. This
is because the ship would lose power if the controller failed.

Open point 1.0 to 20.0 % of The breaker is de-loaded when the power flowing through the breaker is less
(de-loading) nominal power than this set point. The nominal power is the nominal power of the [A-side].

Sequence diagrams
Table 6.8 Closing a continuous breaker

- 1. Close breaker: Breakers > [Breaker] > Controls > [*B]
(1) bfégfér j | close (digital output). The controller activates this output to close
the breaker.

2. Breaker closed feedback: Breakers > [Breaker] > Feedback
Breaker > [*B] closed (digital input). This input is activated when the
(2) closed | breaker is closed.
feedback —
3. Open breaker: Breakers > [Breaker] > Controls > [*B]
open (digital output). The controller deactivates this output to close
Open “ _l the breaker.
(3 breaker j 4. Breaker open feedback: Breakers > [Breaker] > Feedback >
[*B] closed (digital input). This input is deactivated when the
breaker is closed.

Breaker

(4) open > |

feedback
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Table 6.9 Opening a continuous breaker

(1) bClose
reaker

Breaker
(2) closed
feedback

(3 ) Open
breaker

Breaker
(4) open
feedback

Table 6.10 Trip a continuous breaker

Number of
(1) trip breaker
alarms

(2) Trip
breaker

Close

(3
breaker

~—

Breaker
(4) closed
feedback

(5) Open
breaker

Breaker
(6) open
feedback

6.3.5 Redundant breaker feedback

J

-~

d_

[

2

o

Close breaker: Breakers > [Breaker] > Controls > [*B]
close (digital output). The controller deactivates this output to open
the breaker.

. Breaker closed feedback: Breakers > [Breaker] > Feedback

> [*B] closed (digital input). This input is deactivated when the
breaker is opened.

. Open breaker: Breakers > [Breaker] > Controls > [*B]

open (digital output). The controller activates this output to open the
breaker.

. Breaker open feedback: Breakers > [Breaker] > Feedback >

[*B] open (digital input). This input is activated when the breaker
is opened.

1. Number of trip breaker alarms: The number of
active alarms with a Trip [breaker] (or similar)
alarm action.

2. Trip breaker: Breakers > [Breaker] >
Controls > [*B] trip (digital output). The
controller activates this output until all alarms with
a Trip [breaker] (or similar) alarm action are not

J

[

active.

3. Close breaker: Breakers > [Breaker] >
Controls > [*B] close (digital output). The

controller deactivates this output to open the
breaker.

|
]
1

~ >

4. Breaker closed feedback: Breakers >
[Breaker] > Feedback > [*B] closed

(digital input). This input is deactivated when the

breaker is opened.
5. Open breaker: Breakers > [Breaker] >
Controls > [*B] open (digital output). The

J_

controller activates this output to open the
breaker.

6. Breaker open feedback: Breakers >
[Breaker] > Feedback > [*B] open (digital

>

input). This input is activated when the breaker is
opened.

Redundant breaker feedback can be configured on bus tie breaker controllers and externally controlled breakers.

Wiring examples

More information
See Breaker wiring in the Installation instructions for an example of redundant breaker feedback wiring.

Digital inputs

The redundant breaker feedback inputs are only visible if a redundant breaker feedback was configured to the controller.
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Funeion g e o

Breakers > [BTB/External breaker #] > Wire this feedback from the breaker, to
Feedback > [BTB/External breaker] # Digital input Continuous inform the controller when the breaker is
open * open.

Breakers > [BTB/External breaker #] > Wire this feedback from the breaker, to
Feedback > [BTB/External breaker] # Digital input  Continuous inform the controller when the breaker is
closed * closed.

NOTE * # is the number of the breaker with its redundant breaker feedback assigned to the controller.

6.3.6 External breaker

More information
See Externally controlled breakers for how the external breaker works.

6.3.7 Short circuit, and short circuit close attempts

You can connect the breaker's short circuit detection to the controller.

Digital input

Funcion i e Jomae

Required for short circuit detection, when the breaker is tripped
independently due to a short circuit. One input is required for each
breaker.

Continuous
The breaker activates this input when it detects a short circuit. The
controller then activates the [Breaker] short circuit alarm

Breakers >

[Breaker] > Digital
Feedback > [*B] input
short circuit

Short circuit close attempt parameters

In exceptional circumstances, where a short circuit input is configured, this function allows a breaker to attempt to close
during a blackout even though another breaker in the system was tripped by a short circuit. This may only be done in
systems that are designed for this type of operation. If you choose to attempt to close the breaker even though a short
circuit input was activated, this is your own responsibility.

A\ DANGER!

fi Breaker close after short circuit
Closing a breaker after a short circuit is extremely dangerous.

Power management rules > Configuration # > Blackout > Short circuit close attempts *

The Short circuit close attempts function is only active when there is a blackout.

e e

O close attempts: The power management will not close a breaker to connect to a system where a
short circuit was detected. The breaker must first be reset and the [Breaker] short circuit alarm

) deactivated and acknowledged.
Set point Qto1

1 close attempt: In exceptional circumstances, you may change this parameter to allow a breaker to
attempt to close once, even though a short circuit was detected by another breaker.
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NOTE *#is1to 8.

6.3.8 Breaker state outputs

Digital outputs (optional)
The outputs are not part of the breaker configuration and are optional.

e [ N [

Breakers > [Breaker] > State > [*B]

Digital output Continuous Activated when the breaker is open.
is open

Breakers > [Breaker] > State > [*B]

. Digital output Continuous Activated when the breaker is closed.
is closed

Breakers > [Breaker] > State > [*B] - . Activated when the system is synchronising
. . Digital output Continuous
is synchronising the breaker.

Breakers > [Breaker] > State > [*B] . . Activated when the system is de-loading the
. . Digital output Continuous
is de-loading breaker.

Only for compact breakers.

Breakers > [Breaker] > State > [*B] - .
. . Digital output Continuous . . .
13 PEEE LG Activated when the system is loading the

spring on a compact breaker.

Application
A digital output with a breaker state may be wired to a switchboard light, to help the operator.

For example, for a SHAFT generator controller, a digital output may have the shaft generator breaker > State >
SGB is de-loading function. A switchboard light is lit when the controller system is de-loading the shaft generator
breaker.

6.3.9 Breaker under-voltage coil configuration

You can configure a breaker to use an under-voltage coil. The controller can then know that the breaker is open when there
is a low voltage. This can be used in cases where there is no redundant breaker feedback connected and a blackout
occurs.

Use PICUS to configure the under-voltage coil setting on the breaker.

A1

U<

A2

More information
See the PICUS manual for how to configure the breaker for an under-voltage coil.

6.4  Synchronisation functions
6.41 Dynamic synchronisation

During dynamic synchronisation, the synchronising genset can run at a slightly different speed to the genset(s) on the
busbar. This speed difference is called the slip frequency. Dynamic synchronisation is recommended where fast
synchronisation is required, and where the synchronising genset is able to take load when the breaker closes.
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The synchronising genset is typically run with a positive slip frequency. That is, the synchronising genset runs at a slightly
higher speed than the genset(s) on the busbar. This is to ensure that the synchronising genset starts to deliver power
immediately after synchronisation, and thereby avoid a reverse power situation.

This type of synchronisation is relatively fast because of the minimum and maximum frequency differences.
Synchronisation is possible while the controller is still regulating the frequency towards the set point. The frequency does
not have to be the same as the busbar frequency. As long as the frequency difference is within the limits and the phases are
matched, the controller can send the close breaker signal.

NOTE Dynamic synchronisation is recommended where fast synchronisation is required, and where the incoming gensets
are able to take load when the breaker closes.

Parameters

Breakers > [Breaker] configuration > Synchronisation setting

e S

Sync. type Dynamic, Static Dynamic must be selected.

For synchronisation: Add Delta frequency min. to the busbar frequency, for
Delta frequency the minimum frequency of the synchronising generator.
-2.00 to 2.00 Hz

min.

If this value is too low, there can be reverse power when the breaker closes.

For synchronisation: Add Delta frequency max. to the busbar frequency, for

Delta f the maximum frequency of the synchronising generator.
SoRe SEEAUERSY 5 0010 2.00 Hz s J J¢

max.
Delta frequency max. must always be higher than Delta frequency min.

Delta voltage 2.0 t0 10.0 % of The maximum that the voltage of the synchronising generator may be
min. nominal voltage below the voltage of the busbar for the breaker to close.
Delta voltage 2.0t0 10.0 % of The maximum that the voltage of the synchronising generator may be
max. nominal voltage above the voltage of the busbar for the breaker to close.
Breaker close The time between when the close breaker signal is sent and when the

. 40 to 300 ms
time breaker actually closes.

o Frequency window example

) X

Busbar frequency: 50.1 Hz
Delta frequency min.: -0.1Hz
Delta frequency max.: 0.3 Hz

The generator frequency must be between 50.0 Hz and 50.4 Hz for synchronisation.

For a SHAFT generator controller, the synchronisation settings for power take home (PTH) can be configured separately.
These are under Synchronisation setting (PTH).

More information
See Power take home (PTH) for how to configure these settings.

Slip frequency
The slip frequency target is calculated as follows:

Slip frequency = (Delta frequency min. + Delta frequency max.)/2
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Slip frequency example

L

Delta frequency min.: -0.1Hz
Delta frequency max.: 0.3 Hz

The slip frequency is 0.1 Hz.

When the dynamic synchronisation starts, the frequency control function regulates the synchronising genset frequency
towards the following set point:

fset point = fousbar + Slip frequency

e Slip frequency bad example

\/
I

Delta frequency min.: -0.3 Hz
Delta frequency max.: 0.3 Hz

The slip frequency is 0.0 Hz. There is a risk that there will be a long synchronisation time, because there is no
change in the phase difference.

Speed up for slip frequency under 0.3 Hz
If the slip frequency is under 0.3 Hz, the controller automatically changes the slip frequency target until the phase
difference is 30 degrees. This cannot be configured or disabled.

Dynamic synchronisation principle
The dynamic synchronisation principle is shown in the following example.

GB1 GB2
rE = 1500 RPM rE ~— 1503 RPM
I 50.0 Hz I 50.1 Hz
1 1
Connected genset Synchronising genset
Synchronised
Rotation (relative) ‘ Rotation (relative)
= = = = =~ — —~ —
L1 L1 L1 L1 L2 L3 L1
L2 L3
L1 L1
L3 L2 L3 L2 L3 L2 L3 L2 L3 L2
L3 L1 L2
=~ A
—
= 270
©
Q
(%)
S
< 180
3
T 90
-
)
\S)
~ 0 >
~ 0 2.5 5.0 7.5 Time [s]
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The power sources are the connected gensets and the synchronising genset. Synchronisation minimises the phase
difference between the power sources.

In this example, the synchronising genset is running at 1503 RPM (about 50.1 Hz). The connected genset is running at 1500
RPM (50.0 Hz). This gives the synchronising genset a positive slip frequency of 50.1 Hz - 50.0 Hz = 0.1 Hz. If the slip
frequency is less than Delta frequency max., and more than Delta frequency min., then the controller can close the breaker
when the power sources are synchronised (subject to the voltages also being within the required limits).

In the example above, the difference in the phase between the synchronising genset and the busbar gets smaller and
smaller. When the difference in the phases is near zero, the controller will send the breaker close signal based on the
Breaker closing time (this is not shown in the example). In this way, the breaker physically closes when the genset and the
busbar phases are exactly aligned.

When the generator is running with a positive slip frequency of 0.1 Hz relative to the busbar, the phases of the two systems
will be aligned every 10 seconds:

Tsync = 1/ (fsync genset = fouspar) = 1/ (501 Hz - 50.0 Hz) =10 s

The phases for both three-phase systems rotate. However, in this example, the phasors for the busbar are shown as
stationary to simplify the explanation. This is because we are only interested in the phase difference.

Load distribution after synchronisation
When the breaker closes, the synchronising genset will take some of the load if it had a positive slip frequency. A negative

slip frequency will lead to reverse power in the synchronising genset.

The proportion of the load that the synchronising genset takes depends on the frequency difference, and the prime mover
characteristics.

The following example shows that at a given positive slip frequency, the synchronising genset will export power to the load
after the breaker closes.

Example of load distribution after synchronisation with a positive slip frequency

4 \ 4
GB‘II FW"“\ GBQI F%
0% A 100 % 0% R 100 %
Power Power

— I —
Connected genset Synchronising genset

The following example shows that at a given negative slip frequency, the synchronising genset will receive power from the
connected genset when the breaker closes. This can cause a reverse power trip.
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Example of load distribution after synchronisation with a negative slip frequency

2 4
GB1I Fuel injection GB2I Fuel injection
0% __»100% 0% 100%
Power Power
@ . ©

1 ]
Connected genset Synchronising genset

NOTE To avoid trips caused by reverse power, configure the synchronisation parameters for a positive slip frequency.

Close breaker signal

The controller always calculates when to send the close breaker signal to get the best possible synchronisation of the
power sources. The close breaker signal is sent just before the power sources are synchronised. The close breaker signal is
timed so that the breaker is closed when the difference in the phases of the L1 phasors is zero.

The timing of the close breaker signal depends on the Breaker closing time and the slip frequency.

For example, if the response time of the circuit breaker (tcg) is 250 ms, and the slip frequency (fg,) is 0.1 Hz:
degreesciose = 360 degrees x tcg x fg)ip = 360 degrees x 0.25 s x 0.1 Hz = 9 degrees

In this example, the controller activates the close breaker output 9 degrees before the phases are aligned.

6.4.2 Static synchronisation

During static synchronisation, the synchronising genset runs very close to the same speed as the generator on the busbar.
The aim is to let the gensets run at exactly the same speed, with the phases of the A-side and the B-side matching exactly.
Static synchronisation is most suited to systems with a very stable frequency.

Static synchronisation is recommended where a slip frequency is not acceptable.

Static synchronisation should only be used with an analogue output (that is, not relay outputs).

Static synchronisation application example

L

Use static synchronisation during commissioning, to synchronise the genset to the busbar while the breaker
closing is disabled. The commissioning engineer can then measure the voltages across the breaker, as a safety
check.

Inputs and outputs
This function uses the controller AC measurements, regulators, and breaker configuration.
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Parameters

Breakers > [Breaker] configuration > Synchronisation setting

e S

Sync.

Delta
min.

Delta
max.

Delta
min.

Delta
max.

type

frequency

frequency

voltage

voltage

Breaker close

time

Phase

window

Minimum time in
phase window

pa

o Dynamic
» Static

-2.00 to 2.00 Hz

-2.00 to 2.00 Hz

2.0 t0 10.0 % of nominal
voltage

2.0 10 10.0 % of nominal
voltage

40 to 300 ms

0.0 to 45.0°

0.1 s to 15 min

Frequency window example

Busbar frequency: 50.1 Hz
Delta frequency min.: -0.1Hz
Delta frequency max.: 0.3 Hz

Static must be selected. To see the static synchronisation parameters,
write the change to the controller, and refresh.

For synchronisation: Add Delta frequency min. to the B-side frequency, for
the minimum frequency of the synchronising generator.

This value must be negative for static synchronisation.

For synchronisation: Add Delta frequency max. to the B-side frequency,
for the maximum frequency of the synchronising generator.

Delta frequency max. must always be higher than Delta frequency min.

The maximum that the voltage of the synchronising generator may be
below the voltage of the busbar for the breaker to close.

The maximum that the voltage of the synchronising generator may be
above the voltage of the busbar for the breaker to close.

The time between when the close breaker signal is sent and when the
breaker actually closes. This is not used for static synchronisation.

The maximum phase difference allowed for synchronisation.

To close the breaker, the measurements must show that the controller will
be able to keep the phase difference within the phase window for this
minimum time.

The generator frequency must be between 50.0 Hz and 50.4 Hz for synchronisation.

NOTE For static synchronisation, on average, the frequencies need to be nearly identical.

For a SHAFT generator controller, the synchronisation settings for power take home (PTH) can be configured separately.

These are under Synchronisation setting (PTH).

af

More information
See Power take home (PTH) for how to configure these settings.

Static synchronisation principle, with phasor diagrams

The static synchronisation principle is shown below. Phase regulation for synchronisation reduces the phase difference to
meet the static synchronisation requirements.
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Figure 6.1 Static synchronisation principle

GB | GB \
—
1500 RPM —
1501 RPM
sooHz ||| & s003Hz ||| &
/———1—15 c————5
Connected genset Synchronising genset
Synchronised
Rotation (relative) ‘ Rotation (relative)
o o o o T T T ~
L1 Lt
L1 L1
‘/LA A/LA A A L3 . L3 A/LA
L3 L2 L3 L2 L3 L2 L3 L2 L3 L2
L2

L2 L2
i CLOSE

—

30

— tminimum

20

Phase
window

L1 (genset) - L1 (busbar) [°]

0 »
Time [s]

Phase regulation for synchronisation
When static synchronisation is started, if the frequency difference is outside the frequency window, the frequency
regulation regulates the synchronising genset frequency towards the busbar frequency.

When the genset-busbar difference is 200 mHz, the phase synchronisation function takes over. The phase regulator for
synchronisation aims to minimise the angle between the synchronising genset and the busbar.

Close breaker signal

The output Breaker > [Breaker] > Controls > [*B] Close is activated when the phase difference between the
synchronising generator and the busbar is kept within the Phase window while the Minimum time in phase window timer
runs. The voltage differences must also be within the configured range (Delta voltage min. and Delta voltage max.). This is
shown in the following drawing. In addition, the frequency differences must be within the configured range (Delta frequency

min. and Delta frequency max.).

The response time of the breaker is not relevant when using static synchronisation.
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Figure 6.2 Voltage and phase difference for static synchronisation

- Phase window + Phase window

|

IVbusbar

A
Vusbar + Delta voltage max

Vusbar — Délta voltage min

Vgenset

Load distribution after synchronisation

The difference between the frequencies of A-side and B-side is low. The load distribution therefore does not change much
when the breaker closes.

6.4.3 Regulator parameters for synchronisation

During synchronisation the controller regulates the governor to change the frequency or phase. These settings are only
used during synchronisation, and can be configured to optimise the synchronisation speed for the system.

If the controller can regulate the AVR, it also regulates the voltage. Note that there are no special parameters for voltage
regulation for synchronisation.

Analogue synchronisation parameters
Regulators > GOV > Analogue > Frequency synchronisation

oot arge

Kp 0.00 to 60.00 The PID gain for the regulator.

The PID control integral time.

Ti 0.00 s to 1 min . . L
To turn off the integral component, set Ti to 0. This might cause unexpected regulator
behaviour.

Td 0.00to 2.00 s The PID control derivative.

Regulators > GOV > Analogue > Phase synchronisation

The phase synchronisation parameters are only used when static synchronisation is selected.
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oot Range s

Kp 0.00to 60.00 The PID gain for the regulator.

The PID control integral time.

Ti 0.00 s to 1 min . . R
To turn off the integral component, set Ti to 0. This might cause unexpected regulator
behaviour.

Td 0.00to 2.00 s The PID control derivative.

Relay synchronisation parameters

Regulators > GOV > Relay configuration > Frequency synchronisation

N S

Kp 0.0 to 1000.0 The gain for the regulator.

Regulators > GOV > Relay configuration > Phase synchronisation

Note: When static synchronisation is required, DEIF does not recommend using digital outputs to regulate the governor. The
phase synchronisation parameter is only used when static synchronisation is selected.

e S

Kp 0.0 to 1000.0 The gain for the regulator.

6.5 Synchronisation and breaker alarms

6.5.1 Breaker synchronisation failure

Sync“
This alarm alerts the operator about a breaker synchronisation failure. 1
The alarm is based on the synchronisation of the A-side to the B-side, as measured by the g Q
controller. The alarm is activated if the controller has not been able to synchronise within Delay
the delay time. 0

Breakers > [Breaker] monitoring > Synchronisation failure

Delay 30.0 s to 5 min

6.5.2 De-load failure

This alarm alerts the operator to breaker de-load failure.

Value“ g Dela A
% Delay £

The alarm is based on the load across the breaker, as measured by the controller. When
the controller internal set point has ramped down to the breaker open point, the timer
starts. The controller activates the alarm if the load across the breaker is not reduced to

Set
the Open point (de-loading) within the delay time. point
0 >
. L . . . () Time
The Open point (de-loading) is configured under Breakers > [Breaker] configuration >

Configuration.
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Breakers > [Breaker] monitoring > De-load failure

Delay

L

\/
I

1

0.0sto1h

Effect of de-load ramp example
Power A

The genset is running at 50 % of nominal power. The 50 %

breaker open point is 5 % of nominal power. The graph

shows the power set point in blue, and the genset power

in black. The breaker opens in time, and there is no de-

load error. 5%

&

Open

point

Effect of slow de-loading example
Power A

The genset is running at 50 % of nominal power. The 50 %

breaker open point is 5 % of nominal power. The graph
shows the power set point in blue, and the genset power
in black. The de-loading is a lot slower than the power

Open

B4
>

set point ramp down. The breaker does not open in time, 5%

point

and there is a de-load error alarm.

More information
See Regulation for more information about de-loading.

6.5.3 Vector mismatch

This alarm alerts the operator to a vector mismatch during synchronisation.

Time

The alarm is based on the difference between the phases on either side of the breaker, L3
as measured by the controller. The alarm is activated when synchronisation is ON and L3
the difference in the phases is more than the set point.

On the diagram to the right, the phasor diagram for the B-side is black, and the mismatch  Value
that is allowed by default is green. The phasor diagram for the A-side is red. L2 is outside
the allowed window.
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Breakers > [Breaker] monitoring > Vector mismatch
Set point 1to 20°

Delay 5.0 s to 1 min*

NOTE * DEIF recommends that this delay is lower than the genset Breaker synchronisation failure delay.

Frequency-based inhibit

The Vector mismatch alarm is inhibited outside of the synchronisation window. That is, it is inhibited if the frequency from
the A-side is more than the Delta frequency min. below the B-side frequency, or the Delta frequency max. above the B-side
frequency. These parameters are defined under Synchronisation settings.

6.5.4 Breaker opening failure

Breaker
This alarm alerts the operator to a breaker open failure. open{‘
1
The alarm is based on the breaker feedback signal(s) (a digital input, or two digital inputs)
to the controller. The alarm timer starts when the controller sends the signal to open the g A
breaker. The alarm is activated if the breaker feedback does not change from closed to Delay
open within the delay time. 0 @ Ti;e

The alarm is always enabled when at least one breaker feedback is configured. The alarm always has the Latch enabled.

If no breaker feedback is configured in the Input/output for the breaker, then the alarm parameters are not visible.

Breakers > [Breaker] monitoring > Opening failure

Delay 0.1t0 60.0 s

6.5.5 Breaker closing failure

Breaker
This alarm is for breaker closing failure. closed
1
The alarm is based on the breaker feedback signal, which is a digital input to the
controller. The alarm timer starts when the controller sends the signal to close the Z A
breaker. The alarm is activated if the breaker feedback signal does not change from open Delay
to closed within the delay time. 0 @ Tinie

This alarm is always enabled when at least one breaker feedback is configured for the breaker. The alarm always has the
Latch enabled.

If no breaker feedback is configured in the Input/output for the breaker, then the alarm parameters are not visible.

Breakers > [Breaker] monitoring > Closing failure

Delay 0.1t060.0 s
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6.5.6 Breaker position failure

This alarm is for breaker position failure. The

alarm is present where both open and closed ﬂ‘ ﬂ‘
feedback are configured. Breaker1 Breaker T
open open
The alarm is based on the breaker feedback feedback feedback
signals, which are digital inputs to the 0 > 0 >
controller. The alarm is activated if the breaker
Closed and Open feedbacks are both missing 1 — 1
for longer than the delay time. The alarm is Breaker Breaker
also activated if the breaker Closed and Open closed closed
feedbacks are both present for longer than the feedback feedback
! p g 0 - 0 .
delay time.
| L2 A 2 A
When both breaker feedback functlor?s are Breaker Delay Breaker Delay
configured for the breaker, the alarm is always position position
Enabled and has the Latch enabled. OK OK
0 Time 0 Time

If only one or no breaker feedbacks are configured in the Input/output for the breaker, then the alarm parameters are not
visible.

Breakers > [Breaker] monitoring > Position failure

Delay 01to 5.0 s

All controllers in section in switchboard control

If the Breaker position failure alarm is activated, the controller cannot be sure whether the breaker is open or closed. The
power management therefore forces all the controllers in the section under switchboard control. The controllers remain
under switchboard control until the position failure is fixed.

6.5.7 Breaker trip (external)

Breaker A Z Del A
This alarm alerts the operator to an externally-initiated breaker trip. Closed eay
The alarm is activated if the controller did not send an open signal, but the breaker
feedback shows that the breaker is open.
Open

Time

Breakers > [Breaker] monitoring > Tripped (external)

By default, the alarm has the Latch enabled. The delay is always 0.1 s.
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6.5.8 Breaker short circuit

A

1

The alarm response is based on the digital input with the Breakers > Feedback > Breaker >
[*B] short circuit function (see below). This digital input is typically wired to the Feedback >
breaker's short circuit feedback output. Short circuit
0 >
Time
Parameter

Breakers > [Breaker] monitoring > Short circuit

Digital input

N I

o Required for short circuit detection, when the breaker is tripped
independently due to a short circuit. One input is required for each
Continuous breaker.
» The breaker activates this input when it detects a short circuit. The
controller then activates the [Breaker] short circuit alarm.

Breakers >

[Breaker] > Digital
Feedback > [*B] input
short circuit

6.5.9 Breaker configuration failure

This alarm blocks breaker operation if the breaker is not properly configured. The alarm is activated if a breaker is present
on the single-line application drawing, but the Input/output functions that are required for the breaker type are not fully
configured.

This alarm is always enabled, and has the alarm action Block with Latch enabled. You cannot see or change the parameters
for this alarm.

6.5.10 Any tie breaker position failure

This alarm is for tie breaker position failure.

A A
, al
The alarm is based on the tie breaker Breaker Breaker
feedback signals, which are digital inputs to open open
the controller. The alarm is activated if the feedback feedback
breaker Closed and Open feedbacks are both 0 > 0 >
missing for longer than the delay time. The
alarm is also activated if the breaker Closed 1 — 1
and Open feedbacks are both present for B;?‘Zigzr Bcrlizgzr
longer than the delay time. foodback foodback
0 » 0 >
The alarm is activated in ALL of the controllers
in the sections connected to the tie breaker. 1 Z A 1 Z A
Breaker Delay Breaker Delay
position position
OK OK
0 > 0 >
Time Time

This alarm is always enabled. The alarm action is Warning. The parameters for this alarm are not visible.
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All affected controllers under switchboard control

If the Any tie breaker position failure alarm is activated, the controller cannot be sure whether the breaker is open or closed.
The power management therefore forces ALL of the controllers in the sections connected to the tie breaker under

switchboard control. The controllers remain under switchboard control until the position failure is fixed.

If the controller should remain in switchboard control after the position failure has been fixed, then configure the latch on

this alarm.

NOTE This alarm is only activated if the controller is in contact with the tie breaker's controller.

6.5.11 Any bus tie breaker position failure

This alarm is for any bus tie breaker position
failure.

The alarm is based on the breaker feedback
signals, which are digital inputs to the
controller. The alarm is activated if the breaker
Closed and Open feedbacks are both missing
for longer than the delay time. The alarm is
also activated if the breaker Closed and Open
feedbacks are both present for longer than the
delay time.

The alarm is activated in ALL of the controllers
in the sections connected to the bus tie
breaker.

This alarm is always enabled.

ﬁk

1
Breaker

open
feedback
0

1
Breaker

closed
feedback

\

\

0

1

Breaker
position
OK

0

Delay

A

»

»

Time

System > Monitoring > Any bus tie breaker position failure

All affected controllers in switchboard control

If the Any bus tie breaker position failure alarm is activated, the controller cannot be sure whether the breaker is open or
closed. The power management system therefore forces ALL the controllers in the sections connected to the bus tie

breaker in switchboard control. The controllers remain in switchboard control until the position failure is fixed.

ﬂ

1
Breaker

open
feedback
0

1

Breaker
closed
feedback

\/

0

1

Breaker
position
OK

Delay

0

Time

If the controller should remain in switchboard control after the position failure has been fixed, then configure the latch on

this alarm.

NOTE This alarm is only activated if the controller is in contact with the bus tie breaker's controller.

Effect of redundant breaker feedback

If redundant breaker feedback is configured for the bus tie breaker, then this alarm only activates when a bus breaker
position failure is detected on all breaker feedbacks.
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/. Regulation

VA About regulation

711 How it works
The GENSET and EMERGENCY genset controllers can use analogue and/or relay control functions for regulation.
The controller sets the regulation mode according to the system conditions.

When the controller is in Switchboard control, or when certain alarm conditions are active, regulation must be done
manually.

More information
See Switchboard control for how to control the regulators manually through the controller.

All the input and output information in this chapter is written from the DEIF controller point of view, except if clearly stated
otherwise.

Overview of analogue control

Analogue control generally achieves finer control results than relay control. Analogue control also allows the controller to
use a pulse width modulation (PWM) output, for governors and automatic voltage regulators that support this as an input
(as an alternative to an analogue input to the governor or AVR). DEIF recommends that you use the full capability of
analogue control in situations which require precision, such as static synchronisation.

Overview of relay control

Relay control is not able to produce the same precision as a well-tuned analogue controller. However, setting up relay
control is simpler. To extend the life of relays, the controller has a range around the reference where the controller does not
send regulation pulses to the governor or automatic voltage regulator. This range is called the regulation deadband.
Analogue regulation does not have a deadband area, which contributes to more accurate regulation of the governor or AVR.

71.2 Analogue regulation

More information
See Analogue outputs for how to configure the analogue output(s) and PWM.

Configuring analogue outputs
Assign the analogue output regulation function(s) to the analogue output terminals under Configure > Input/output.

e Regulators > GOV > GOV output [%]

e Regulators > AVR > AVR output [%]

Configure the parameter to Analogue (where [Regulator] is Governor or AVR).

Regulators > [Regulator] general configuration > Regulator output

e Analogue / ECU (for GOV)
Output type e Analogue / DVR (for AVR)
e Relay

Configuring pulse width modulation

Some governors require a pulse width modulation (PWM) input. The controller converts the analogue output to a PWM
signal for the PWM terminals.
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Connect the governor to the controller's PWM terminals.

Assign the Regulators > GOV > GOV output [%] functiontothe PWM terminals.

More information
See Pulse width modulation (PWM) output characteristics for the relationship between duty cycles and the PWM
output.

Analogue PID controller
A schematic of the analogue PID controller is given below. Analogue control works as follows:
1. The controller measures the operating value(s).

2. The controller deducts the measured value from the reference value to determine the error (also known as the
deviation).

3. The error is the input for the PID controller. The controller sends the PID controller output to the output modifier.
4. The output modifier converts the output from the PID controller as required for the governor or AVR.
5. The governor or AVR then regulate the genset fuel or excitation.

Figure 7.1 Simplified overview of the analogue PID controller

Controller

P-part
(1)

(O]

=

@®

>

@ Error| Gain I-part Output

o _ | - >

S 2 (Kp) ( 1 modifier ] ¢
@ Tixs e —
S R

[h'd

Measured value

PID control
The PID controller consists of three parts.

_ Contribution (Laplace domain) Configurable parameters

Proportional part 1 Kp
Integral part 1/(Tixs) Kp, Ti
Derivative part Tdxs Kp, Td
Gain

The gain (Kp) determines the magnitude of the signal.

The same gain (Kp) is applied to each part of the analogue controller. That is, increasing the gain not only increases the
proportional part, but also increases the integral part and the derivative part.
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Proportional part
The proportional part contributes the gain x error to the PID output.

Gain (Kp) is the only term in the proportional part of the controller. That is, the contribution of the proportional part of the
controller is directly proportional to the calculated error. For example, if Kp is 15 and the calculated error is +0.02, the

proportional contribution is +0.30.

A high Kp makes the system respond strongly to the error. However, the response can be too large, and can lead to long
settling times. A high Kp may make operation unstable.

A low Kp makes the system respond more weakly to the error. A low Kp can reduce the settling time. However, the response
can be too small, and therefore ineffective.

Integral part
The integral part eliminates the steady-state error.

The integral part is determined by:
+ The gain x error

* The integration time (Ti)

e The error history

Ti is the time it takes for the contribution of the integral part to be equal to the contribution of the proportional part. If Tiis
reduced, the contribution of the integral part is increased.

Do not set Ti too low. This can make the operation unstable (the effect is similar to a very high gain).
The figures below show the effect of Ti (a constant error is used to simplify the example).

When the system is far away from the reference point the integral part will have a large contribution to the correction. When
the system is close to the reference value, the integral part can have a small contribution to the correction.

<«— | contribution

-« «Ti

< / | contribution <
% P contribution % P contribution
£ / 5 /
5 Error 5 Error
O O

N N B B R R S

0 1 2 3 Time[s] 0 1 2 3 Time [s]

The integral contribution results from integrating the error.
Set Ti to zero to turn off the integral part.

Derivative part
The derivative part stabilises operation, allowing higher gain and lower integral action times. The derivative part can
improve the settling time.

The derivative part is determined by:

« The amplified error

e The derivative time (Td)

« The current rate of change of the error
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The derivative part uses the current rate of change over Td to predict the future error. If Td is higher than the optimal time,
the settling time can be very long. For very high values, the system might not be able to settle at the reference value (the
effect is similar to a very high gain).

From experience, the derivative part can improve regulation during load sharing, power regulation and static
synchronisation, when the parameter is properly tuned.

Use the derivative part if the situation requires very precise regulation (for example, static synchronisation). If the derivative
part is used, it is important to tune it properly.

Set Td to zero to turn off the derivative part.

71.3 Relay regulation

Relay control uses the [Regulator] increase and [Regulator] decrease relays to increase or decrease the control signal,
based on the output of the controller (where [Regulator] is either GOV, or AVR).

Configuring digital outputs
To use relay outputs to interface with the governor or AVR, assign the digital output regulation functions.

Configure the parameter to Relay (where [Regulator] is Governor or AVR).

Regulators > [Regulator] > General configuration > Regulator output

o Off

e Analogue / ECU (for GOV)
e Analogue / DVR (for AVR)
e Relay

Output type

Relay regulation ranges

The controller determines whether the output should be increased or decreased by comparing the measured value to the
reference. The controller determines how far the deviation (also known as the error) is from the reference, multiplies it by
the gain, and selects the output range. The output can be in one of three ranges, which are summarised in the table below:

See the diagrams below.

The measured value is far away from the reference value. The [Regulator] increase * or

Closed or [Regulator] decrease * relay is activated for the maximum time allowed by the Period time
Constant . . . . .
range intermittent and the Maximum ON time percentage. If the measured value is still far away after the
9 open/close maximum time was reached, then the relay is reactivated after the Period time is reached.
See point 1 on the figures below for an example where the Maximum ON time is set to 100
%.
The measured value is approaching the reference value, but is not in the deadband range
yet. The [Regulator] increase * or [Regulator] decrease * relay pulses. The signal from the
relay is thus intermittent.
Variable Intermittent y . . p ; .
range open/close The length of the pulse is dependent on the distance from the reference value, the period

time and the controller gain, Kp. If the measured value is further away from the reference
value, the controller uses a longer pulse. If the measured value is closer to the reference
value, the controller uses a shorter pulse. You can define the minimum pulse width.
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See points 2, 3, 4 and 5 on the figures below.

The measured value is so close to the reference value that it is within the deadband
percentage of the reference value. The deadband is specific to the control type that is
Deadband active, and you can define the deadband value. The [Regulator] increase * and [Regulator]

range g decrease * relays remain deactivated continuously.

See point 6 on the figures below.

NOTE * [Regulator] is either GOV, or AVR.

If the output is in either the constant or the variable range, the controller activates the configured relay (governor increase
or decrease, or AVR increase or decrease) for the required time. The figures below show how the time decreases from the
value set for Period time to the value set for Minimum ON time as the measured value gets closer to the reference for high
Kp values and low Kp values. The Maximum ON time parameter is set to 100 %.

Figure 7.2 Up and down relay on time for different errors (deviations from the reference)

Relay up
on time [%]

— High Kp
--- Low Kp

— 100

— 75

A

» Frequency [Hz]

— 100

Relay down
on time [%]

Figure 7.3 Relay action (based on measurements at the end of the period time)

Relay

status o e e o e e

ON
d d = d
B
» Period [ms]

Period time ‘

min
min

Pulse properties

A relay regulator output has these main properties:
¢ Period time

¢ Minimum ON time
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¢ Maximum ON time

The Period time defines the time from the start time of one pulse to the start time of the next pulse.

The Minimum ON time sets the minimum amount of time a relay is allowed to be closed. This should be similar to the
minimum time required for the system to respond to the output signal.

The Maximum ON time sets the maximum amount of time a relay is allowed to be closed when the regulation is in the
constant range. The parameter is a percentage of the Period time.

The pulse length is never shorter than the Minimum ON time. If the Maximum ON time is 100 %, when the pulse length is
equal to or greater than the period time, the output is constant. The error where this shift occurs depends on Kp and the

period time. As Kp increases, the variable range decreases. As Kp decreases, the variable range increases.

71.4 Regulation mode overview

The genset regulation system consists of a number of basic control modes for the governor, and for the AVR. Each
controller processes the input information and calculates what action the genset should take to reach the required operating
value. The calculated value is then modified according to the governor or AVR interface, and sent to the governor or AVR.

Active modes for different system conditions

Condition

| — | | —|
[ G [
11 11 | | | | I1 11 | | | |

C

| — | | —|
[ G [
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The generator breaker is open
and the genset is running.

This can be a stand alone genset,
or a genset in a system.

The generator breaker is open
and the controller receives a
close breaker command.

The controller sends commands
to synchronise the genset to the
busbar frequency, voltage and
phase (static synchronisation).

The genset is connected to the
busbar and is producing power.

The genset can be a stand alone
genset, or a genset running in
parallel to another power
producing component on the
busbar.

Frequency
regulation

Frequency
synchronisation
Phase
synchronisation
(only for static
synchronisation)

Power regulation
Power load share

Voltage
regulation

Voltage
regulation

Reactive
power
regulation
Power
factor
regulation
Reactive
power load
share
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Condition

IT IT

<)

[ ]

—/———5

71.5

—

S

[ ]

—/————

Freeze regulation

The genset is running in parallel
with another power producing
component on the same busbar.
The genset controller receives a
open breaker command.

The controller sends commands
to de-load the generator breaker.

There is at least one genset
connected to the busbar. The
SHAFT generator or SHORE
connection controller receives a
close breaker command.

All the gensets connected to the
same busbar that the equipment
is connecting to, receive their set
points from power management.

There is at least one genset
connected to the busbar. The
SHAFT generator or SHORE
connection controller receives
an open breaker command.

All the gensets connected to the
same busbar that the equipment
is disconnecting from, receive
their set points from the power
management.

A bus tie breaker controller
receives a close breaker
command between two live
busbars.

All the connected gensets on
both busbars receive their set
points from the power
management.

A bus tie breaker controller
receives an open breaker
command.

All the connected gensets on the
busbar that is splitting sections
receive their set points from the
power management.

o Reactive
* Power regulation power
regulation
+ Frequency
synchronisation
¢ Phase « \oltage
synchronisation regulation
(only for static
synchronisation)
o Reactive
» Power regulation power
regulation
* Frequency
synchronisation
e Phase + Voltage
synchronisation regulation
(only for static
synchronisation)
e Reactive
o Power regulation power
regulation

You can use the Freeze regulator digital input to override the regulation settings on a genset. The Freeze regulator
command stops regulation on the governor and the AVR when it is activated.
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Digital input

N T S

Regulators > Common > S . The operator activates this input to override any regulation
Digital input Continuous .
Freeze regulator settings on the governor and the AVR.

When the Freeze regulation input is active the Regulator status screen on the display will show No regulation.

7.2 Governor regulation modes
7.21 How it works

The genset regulation system consists of a number of regulation modes for the governor. Each regulator processes the
input information and calculates the regulation to reach the required operating value. The resulting value is then modified
according to the governor interface, and sent to the governor.

NOTICE

Parameters require input/output configuration

To see the parameters, you must have a governor configured in the controller with Input/output (relay output or
analogue output).

7.2.2 Frequency regulation

When a genset is running with an open generator breaker, the controller uses frequency regulation to keep the frequency at
the nominal set point.

Alternatively the frequency set point can be configured using Modbus.

More information
See External communication using Modbus for how the frequency set point is configured using Modbus.

The frequency regulation parameters define the regulation when the controller regulates the frequency.

Analogue governor output: Frequency parameters
Regulators > GOV > Analogue > Frequency regulation

oot Range——— s

Kp 0.00 to 1000.00  The PID gain for the regulator.

The PID regulator integral time.

Ti 0.00 to 1000.00 s . . .
To turn off the integral component, set Ti to 0. This might cause unexpected regulator
behaviour.

Td 0.00 to 1000.00 s The PID regulator derivative.

Relay governor output: Frequency parameters
Regulators > GOV > Relay configuration > Frequency regulation

e e

Kp 0.00 to 1000.00 This is the gain for the regulator.

Deadband  0.2t010.0 % The deadband for the regulator, as a percentage of the nominal frequency.
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7.2.3 Power regulation

When there is a genset (or emergency genset in harbour mode) connected to the busbar along with other gensets, and/or
shaft generator, and/or shore connection, then the controller can use power regulation (that is, active power).

The controller also uses power regulation when ramping up the power to a genset (increasing the load), or ramping down
the power of a genset (decreasing the load).

If multiple gensets are connected to the same busbar section, a GENSET controller can regulate the power from its genset.
Connected gensets automatically run at the same engine speed. Therefore, decreasing the fuel to one genset automatically
increases the active power from the other genset.

More information
See Regulation required for de-loading.

Alternatively the power set point can be configured using Modbus.
If a single genset is connected to the busbar, changing the governor input only changes the frequency of the genset and

not the power.

More information
See External communication using Modbus for how the power set point is configured using Modbus.

Analogue governor output power parameters

The power regulation parameters define analogue regulation when the controller regulates the governor to change the
genset active power output.

Regulators > GOV analogue configuration > Power regulation

T e

Kp 0to 60 The PID gain for the regulator.

The PID control integral time.
Ti 0 s to 1min

To turn off the integral component, set Ti to 0. This might cause unexpected regulator behaviour.
Td Oto2s The PID control derivative time.

Relay governor output power parameters

The power regulation parameters define relay regulation when the controller regulates the governor to change the genset
active power output.

Regulators > GOV relay configuration > Power regulation

e S

Kp 0 to 100 This is the gain for the regulator.

Deadband 0.21010.0 % The deadband for the regulator, as a percentage of the nominal power.

7.2.4 Power load sharing
Active power (kW) is shared in the system by controlling the fuel supply of the gensets.

During load sharing the controller regulates the governor output to the gensets. The power management calculates the
GENSET controller load set point and communicates this over the DEIF network. By default, all gensets will share an equal
portion of the load. Asymmetric power load sharing is also available. For asymmetric load sharing, some gensets can be
prioritised to provide an optimum portion of the load per genset, while the other gensets absorb the varying load in the
system.
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More information
See Load sharing for information about asymmetric load sharing.

Analogue governor output power load sharing parameters

The power load sharing parameters define analogue regulation when the controller regulates the governor to control the
genset active power output for load sharing.

Regulators > GOV analogue configuration > Power load sharing regulation

T

Kp 0.00 to 60.00
Ti 0.00 s to 1 min
Td 0.00t02.00s

P weight 0.0to 100.0 %

The PID gain for the regulator.

The PID control integral time.

To turn off the integral component, set Ti to 0. This might cause unexpected regulator
behaviour.

The PID control derivative.

If P weight is 100 %, the controller ignores the frequency set point to achieve the power set
point. If P weight is O %, the controller ignores the power set point, to achieve the frequency
set point.

DEIF recommends that you start with the default value, and then, if necessary, adjust this
parameter. If P weight is too low, the load sharing will not be effective and the load will float
between the controllers. If P weight is too high, the frequency regulation will be too slow, for
example, when a new heavy consumer connects.

Relay governor output power load sharing parameters

The power load sharing parameters define relay regulation when the controller regulates the governor to control the genset
active power output for load sharing.

Regulators > GOV relay configuration > Power load sharing regulation

oot JRange e

Kp

f deadband

P weight

P deadband

0 to 100

0.2 to 10.0

o

0.0 t0 100.0
%

0.2 to 10.0

(o]

This is the gain for the regulator.

The frequency deadband for the regulator, as a percentage of nominal frequency.

The default deadband is £ 1 %. That is, for a genset with a nominal frequency of 50 Hz, the
deadband is 1 Hz. When the controller frequency set point is 50 Hz, the regulator will not
control the frequency if it is between 49.5 and 50.5 Hz.

If P weight is 100 %, the controller ignores the frequency set point to achieve the power set
point. If P weight is 0 %, the controller ignores the power set point, to achieve the frequency
set point.

DEIF recommends that you start with the default value, and then, if necessary, adjust this
parameter. If P weight is too low, the load sharing will not be effective and the load will float
between the controllers. If P weight is too high, the frequency regulation will be too slow, for
example, when a hew heavy consumer connects.

The power deadband for the regulator, as a percentage of hominal power.
The default deadband is + 2 %. That is, for a genset with a nominal power of 100 kW, the

deadband is 4 kW. When the controller power set point is 50 kW, the regulator will not control
the power if it is between 48 and 52 kW.
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7.2.5 Frequency synchronisation

During the synchronisation sequence, the controller uses frequency synchronisation regulation to match the genset
frequency to the frequency of the busbar.

More information
See Regulation required for synchronisation and Regulator synchronisation parameters.

7.2.6 Phase synchronisation

For static synchronisation, during the synchronisation sequence, the controller uses phase synchronisation regulation to
match the genset phases to the phases of the busbar.

More information
See Regulation required for synchronisation and Regulator synchronisation parameters.

7.3  AVRregulation modes
7.31 How it works

The genset regulation system consists of a number of basic control modes for the AVR. Each controller processes the input
information and calculates what action the genset should take to reach the required operating value. The calculated value is
then modified according to the AVR interface, and sent to the AVR.

NOTICE

Parameters require the output configuration

To see the parameters, you must have an AVR configured in the controller with relay outputs or analogue
output.

7.3.2 \Voltage regulation

The controller regulates and maintains the genset voltage at its nominal set point by sending a signal to the AVR to adjust
the exciter current.

Before the generator breaker is closed, the controller uses voltage regulation to match the genset voltage with the voltage
of the other gensets on the busbar. This minimises the circulating current in the system after gensets are connected to the
busbar. The controller calculates the necessary values to eliminate the circulating current between the generators before
the busbar is connected to a load. Then the controller uses the AVR output to send the adjusted values to the AVR. If a
genset is already connected to a load, the controller must match the generator voltages before closing an additional
generator breaker.

Alternatively the voltage set point can be configured using Modbus.

More information
See External communication using Modbus for how the voltage set point is configured using Modbus.

Analogue AVR output voltage parameters
The voltage regulation parameters define analogue regulation when the controller regulates AVR to change the voltage.
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Regulators > AVR analogue configuration > Voltage regulation

e

Kp 0.00 to 60.00 The PID gain for the regulator.

The PID control integral time.

Ti 0.00 s to 1 min ) . o
To turn off the integral component, set Ti to 0. This might cause unexpected regulator
behaviour.

Td 0.00to 2.00 s The PID control derivative.

Relay AVR output voltage parameters
The voltage regulation parameters define relay regulation when the controller regulates the voltage.

Regulators > AVR relay configuration > Voltage regulation
Parametsr rarge —— oo
Kp 0 to 100 This is the gain for the regulator.

Deadband 0.0t0 10.0 % The deadband for the regulator, as a percentage of the nominal voltage.

7.3.3 Reactive power regulation

By controlling the AVR current for the genset, the controller controls the reactive power (kvar) of the genset. The controller
sends a signal to the AVR to change the excitation of the generator. This changes the phase angle between the current and
the voltage, hereby regulating the reactive power.

If a genset is connected to the busbar along with other power generating assets, the controller can use reactive power
regulation to ensure that the genset provides the same amount of reactive power to the busbar.

The controller also uses reactive power regulation when ramping up the reactive power of a genset (increasing the load),
and when ramping down the reactive power of a genset (decreasing the load).

If multiple gensets are connected to the same busbar section, the controller can regulate its genset to provide the required
amount of reactive power. Connected gensets automatically run at the same engine speed. Therefore, decreasing the
excitation in the generator automatically decreases the reactive power that it provides, and increases the load on the other
power generating assets. Increasing the excitation in the generator automatically increases the reactive power that the
genset provides, and decreases the load on the other power generating assets.

Alternatively the reactive power set point can be configured using Modbus.

More information
See External communication using Modbus for how the reactive power set point is configured using Modbus.

Analogue AVR output reactive power parameters

The reactive power regulation parameters define analogue regulation when the controller regulates the genset reactive
power output.

Regulators > AVR analogue configuration > Reactive power regulation

e

Kp 0.00 to 60.00 The PID gain for the regulator.

- _ The PID lintegral time.
Ti 0.00 s to 1 min € control integral time
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oot Range s

To turn off the integral component, set Ti to 0. This might cause unexpected regulator
behaviour.

Td 0.00to0 2.00 s The PID control derivative.

Relay AVR output reactive power parameters

The reactive power regulation parameters define relay regulation when the controller regulates the genset reactive power
output.

Regulators > AVR relay configuration > Reactive power regulation

e L

Kp 0 to 100 This is the gain for the regulator.

Deadband  0.0to10.0 % The deadband for the regulator, as a percentage of the nominal reactive power.

7.3.4 \Voltage droop

If a genset is connected to the busbar, with or without other power generating assets connected to the same busbar
section, the controller can use voltage droop to regulate the genset voltage/reactive power.

This setting does not provide optimal regulation of the genset, and should only be used if there is a specific design reason
for its use. For example, another genset that cannot communicate with the controller is connected to the same busbar
section.

During voltage droop regulation the controller regulates the AVR output to follow the droop setting of the controller.

More information
See Droop for the relationship between the controller droop and the AVR droop.

Parameters
Regulators > AVR > [Analogue or Relay configuration] > Voltage droop

T

The droop percentage that the controller emulates. The controller droop does not have to be
the same as the genset's AVR droop.

Droo 9
P GBI A high droop setting results in high voltage/reactive power deviations from nominal voltage.

A too low droop setting results in not adding the necessary stability to the system.

The droop setting for an analogue regulator is not linked to the droop setting for a relay regulator. This means that if you
change from an analogue output to a relay output (or from a relay output to an analogue output), you must check the droop
setting and correct it if required.

7.3.5 Reactive power load sharing

During reactive power (kvar) load sharing, the controller uses the nominal voltage as a reference to regulate the AVR output
to the genset. The nominal voltage reference can be adjusted by contributing a weighted amount of the reactive power set
point to the reference value.

Reactive power load sharing can be used in a system where more than one genset is connected to the same busbar
section. At least two of these gensets must have reactive power load sharing activated in order to share the load between
them.
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All gensets on the same busbar section that have reactive power load sharing active, will share an equal percentage of the
load.

More information
See Load sharing under Power management.

Digital input
Funcion o e o
Regulators > AVR > Modes > Deactivate S The input disables any active AVR regulation
. Digital input Pulse
regulation mode.

Analogue AVR output reactive power load sharing parameters

The reactive power load sharing parameters define analogue regulation when the controller regulates the AVR to change
the genset reactive power output for load sharing.

Regulators > AVR > Analogue > Reactive power load sharing regulation

oot ange——Noes

Kp 0.00to 60.00 The PID gain for the regulator.

The PID control integral time.

Ti 0.00 s to 1 min ) ) o
To turn off the integral component, set Ti to 0. This might cause unexpected regulator
behaviour.

Td 0.00t0 2.00 s The PID control derivative.

If Q weight is 100 %, the controller uses the reactive power and voltage set points equally
during load sharing regulation. If Q weight is 0 %, the controller ignores the reactive power
set point during load sharing regulation.

Q weight 0.0to 100.0 % . . . .
DEIF recommends that you start with the default value, and then, if necessary, adjust this

parameter. If Q weight is too low, the reactive power load sharing will not be effective and the
load will float between the controllers. If Q weight is too high, the voltage regulation will be
too slow, for example, when a new heavy consumer connects.

Relay AVR output reactive power load sharing parameters

The reactive power load sharing parameters define relay regulation when the controller regulates the AVR to change the
genset reactive power output for load sharing.

Regulators > AVR > Relay configuration > Reactive power load sharing regulation
parameter Jrange —ees
Kp 0 to 100 This is the gain for the regulator.

V deadband 0.0t010.0 %  The voltage deadband for the regulator, as a percentage of the nominal voltage.

The reactive power deadband for the regulator, as a percentage of the nominal reactive
power.

Q deadband 0.0 to 10.0 %

If Q weight is 100 %, the controller uses the reactive power and voltage set points equally
during load sharing regulation. If Q weight is 0 %, the controller ignores the reactive power
set point during load sharing regulation.

Q weight 0.0 t0 100.0 % . . . .
DEIF recommends that you start with the default value, and then, if necessary, adjust this

parameter. If Q weight is too low, the reactive power load sharing will not be effective and
the load will float between the controllers. If Q weight is too high, the voltage regulation will
be too slow, for example, when a new heavy consumer connects.
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7.4 External communication
7.41 How it works

For certain actions and in some regulation modes it is possible to for the controller to receive its set point from an external
source. This source can for example be an analogue input, or a set point from CustomLogic, Modbus, or CODESYS (if
installed).

NOTICE

Parameters require input/output configuration

The parameters are only visible, if a governor and/or AVR is configured in the controller Input/output (relay
output or analogue output).

7.4.2 External communication using an analogue input

To receive the controller regulation set points through the controller analogue inputs, the function must first be configured
in Input/output. When the function is active, the controller ignores the internal set points that are calculated by the PMS and
uses the set points it receives from the analogue input instead.

You can either activate the function under Parameters, or by activating a digital input that is configured to activate the
function, or using Modbus.

Inputs

Funcion o e e

When configured, the controller receives the frequency
Regulators > GOV > Analogue % of nominal  offset value from this analogue input. The offset is added
Frequency offset [%] input frequency or subtracted from the nominal frequency.

frew = fnom + (from x Frequency offset)

When configured, the controller receives the active

Regulators > GOV > Power Analogue % of nominal ; . . .
) 5 . power set point from this analogue input. The internal
set point [%] input power . PR
controller value for the active power set point is ignored.
When configured, the controller receives the voltage
Regulators > AVR > Analogue % of nominal  offset value from this analogue input. The offset is added
Voltage offset [%] input voltage or subtracted from the nominal voltage.
Vihew = Vinom + (Vhom x Voltage offset)
Regulators > AVR > % of nominal When COhfIgL.JI’ed, the cpntroller rec.e|ves the rgactwe
. . Analogue . power set point from this analogue input. The internal
Reactive power set point . reactive . .
o input controller value for the reactive power set point is
[5] power .
ignored.
Regulators > AVR > Cos Analogue When conflggred, the coptroller regewes the cos phi set
. : . = point from this analogue input. The internal controller
phi set point input

value for the cos phi set point is ignored.

Regulators > GOV >

, When activated, the controller changes Regulators >
External set points >

Digital input  Pulse GOV general configuration > External offset >
Frequency offset enable to Enabled.

Activate external f
offset

Regulators > GOV >

i When activated, the controller changes Regulators >
External set points >

D@haanut Pulse GOV general configuration > External offset >
Frequency offset enable to Not enabled.

Deactivate external f
offset
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Funeion o e oy

Regulators > GOV >

External set points >

Activate external P
point

Regulators > GOV >
External set points
Deactivate external
point

Regulators > AVR >

External set points
Activate external V
offset

Regulators > AVR >
External set points
Deactivate external
offset

Regulators > AVR >
External set points
Activate external Q
point

Regulators > AVR >
External set points
Deactivate external
point

Regulators > AVR >
External set points

set

P set

set

Q set

>

Activate external cos phi

set point

Regulators > AVR >
External set points
Deactivate external
phi set point

Governor parameters

>
Ccos

Digital input

Digital input

Digital input

Digital input

Digital input

Digital input

Digital input

Digital input

Pulse

Pulse

Pulse

Pulse

Pulse

Pulse

Pulse

Pulse

When activated, the controller changes Regulators >
GOV general configuration > External offset

P set point enable to Enabled.

When activated, the controller changes Regulators >
GOV general configuration > External offset
P set point enable to Not enabled.

When activated, the controller changes Regulators >
AVR general configuration > External offset

Voltage offset enable to Enabled.

When activated, the controller changes Regulators >
AVR general configuration > External offset
Voltage offset enable to Not enabled.

When activated, the controller changes Regulators >
AVR general configuration > External offset

Q set point enable to Enabled.

When activated, the controller changes Regulators >
AVR general configuration > External offset

Q set point enable to Not enabled.

When activated, the controller changes Regulators >
AVR general configuration > External offset

Cos phi set point enable to Enabled.

When activated, the controller changes Regulators >
AVR general configuration > External offset

Cos phi set point enable to Not enabled.

Regulators > GOV general configuration > External offset

To see these parameters, you must assign a governor output function.

These parameters allow analogue inputs to determine the genset's frequency or power set point.

>

If an analogue input is configured, the Modbus value for the external offset will reflect the analogue input value. The

Modbus external offset cannot be configured until the analogue input for the external offset is cleared.

Not enabled: The controller ignores the Frequency offset [%]

Frequency °
offset enable o Epabled
o External
Frequency
offset source External >
Off
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Not enabled  Not

enabled

External

analogue input and Modbus input.

Enabled: During frequency regulation, the controller uses the
Frequency offset [%] analogue input or Modbus input to determine

the frequency set point.

External: The controller uses the Frequency offset [%] analogue

input or Modbus input.
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e

P set point
enable

P set point
source

AVR parameters

Not enabled
Enabled

External

External >
Off

Not
enabled

External

External -> Off: If the Frequency offset [%] analogue input and/or
Modbus input fails (that is, when the input is outside the configured
scale), then the controller ignores the input.

Not enabled: The controller ignores the Power set point [%]
analogue input and Modbus input.

Enabled: During power regulation, the controller uses the Power set
point [%] analogue input or Modbus input as the power set point.

External: The controller uses the Power set point [%] analogue input
or Modbus input.

External -> Off: If the Power set point [%] analogue input and/or
Modbus input fails (that is, when the input is outside the configured
scale), then the controller ignores the input.

Regulators > AVR general configuration > External offset

To see these parameters, you must assign an AVR output function.

These parameters allow analogue inputs to determine the genset's voltage, reactive power or cos phi set point.

If an analogue input is configured, the Modbus value for the external offset will reflect the analogue input value. The
Modbus external offset cannot be configured until the analogue input for the external offset is cleared.

S

Voltage
offset enable

Voltage
offset source

Q set point
enable

Q set point
source

Cos phi set
point enable

Cos phi set
point source

Not enabled
Enabled

External

External >
Off

Not enabled
Enabled

External

External >
Off

Not enabled
Enabled

External

External >
Off
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Not
enabled

External

Not
enabled

External

Not
enabled

External

Not enabled: The controller ignores the Voltage offset [%] analogue
input and Modbus input.

Enabled: During voltage regulation, the controller uses the Voltage
offset [%] analogue input or Modbus input to determine the voltage
set point.

External: The controller uses the Voltage offset [%] analogue input
or Modbus input.

External - Off: If the Voltage offset [ %] analogue input and/or
Modbus input fails (that is, when the input is outside the configured
scale), then the controller ignores the input.

Not enabled: The controller ignores the Reactive power set point [%]
analogue input and Modbus input.

Enabled: During reactive power regulation, the controller uses the
Reactive power set point [ %] analogue input or Modbus input as the
reactive power set point.

External: The controller uses the Reactive power set point [%]
analogue input or Modbus input.

External -> Off: If the Reactive power set point [%] analogue input
and/or Modbus input fails (that is, when the input is outside the
configured scale), then the controller ignores the input.

Not enabled: The controller ignores the Cos phi set point analogue
input and Modbus input.

Enabled: During reactive power sharing, the controller uses the Cos
phi set point analogue input or Modbus input as the cos phi set point.

External: The controller uses the Cos phi set point analogue input or
Modbus input.
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poameter—Range———oeaur s

« External - Off: If the Cos phi set point analogue input and/or
Modbus input fails (that is, when the input is outside the configured
scale), then the controller ignores the input.

7.4.3 External communication using Modbus

If you want to send set point values over Modbus, instead of using the controller internal set points, then you must
configure and activate the set point function on the controller. When the function is active, the controller ignores the internal
set points configured in the parameters and uses the set points it receives over Modbus.

Digital inputs

These inputs are only visible if a regulation output (either relay or analogue) is configured.

Funion g e Toe

Regulators > GOV > External Diaital When activated, the controller changes Regulators > GOV
set points > Activate external | 'gita Pulse general configuration > External offset >
input
f offset Frequency offset enable to Enabled.
Regulators > GOV > External Digital When activated, the controller changes Requlators > GOV
set points > Deactivate . Igltta Pulse general configuration > External offset >
npu
external f offset P Frequency offset enable to Not enabled.
Regulators > GOV > External Dicital When activated, the controller changes Regulators > GOV
set points > Activate external | Igita Pulse general configuration > External offset > P set
, input )
P set point point enable to Enabled.
Regulators > GOV > External Diaital When activated, the controller changes Regulators > GOV
set points > Deactivate . Iglta Pulse general configuration > External offset > P set
. npu
external P set point P point enable to Not enabled.
Regulators > AVR > External Digital When activated, the controller changes Regulators > AVR
set points > Activate external | e Pulse general configuration > External offset >
input
V offset Voltage offset enable to Enabled.
Regulators > AVR > External Dicital When activated, the controller changes Regulators > AVR
set points > Deactivate . Iglta Pulse general configuration > External offset >
npu
external V offset P Voltage offset enable to Not enabled.
Regulators > AVR > External Diaital When activated, the controller changes Regulators > AVR
set points > Activate external | 'gita Pulse general configuration > External offset > Q set
, input ,
Q set point point enable to Enabled.
Regulators > AVR > External Digital When activated, the controller changes Regulators > AVR
set points > Deactivate . Igltta Pulse general configuration > External offset > Q set
] npu
external Q set point P point enable to Not enabled.
Regulators > AVR > External Dicital When activated, the controller changes Regulators > AVR
set points > Activate external | Igltta Pulse general configuration > External offset > Cos
q q npu
cos phi set point P phi set point enable to Enabled.
Regulators > AVR > External Diaital When activated, the controller changes Regulators > AVR
set points > Deactivate . Iglta Pulse general configuration > External offset > Cos
inpu

external cos phi set point

phi set point enable to Not enabled.

It is also possible to activate and deactivate the external communication set points using Modbus. This is only possible if

the function has not been assigned to a digital input in PICUS.
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More information
See Discrete output coil (01; 05; 15) in the Modbus tables for more information about the Modbus fucnctions and
their properties.

Parameters

The parameters are not visible in the controller or PICUS. To configure these parameters, you must have a Modbus
interface to the controller.

Modbus Modbus Valid Scaling

Parameter address function Modbus (10) Comment

codes range

If the operator activates Activate external f
offset, the frequency offset is determined by

the value set in Modbus.
Regulators >

GOV > Frequency 8008 03;06;16  -100to 100 1 % .
offset The value entered is the percentage of the

nominal frequency that is added or
subtracted from the nominal frequency to
determine the new set point.

If the operator activates Activate external P
set point, the power set point is determined

Regul .
egulators > by the value set in Modbus.

GOV > Power set 8009 03; 06; 16 0to 100 0 %

point
The value is a percentage of the controller
nominal power.

If the operator activates Activate external V
offset, the voltage offset is determined by

the value set in Modbus.
Regulators >

AVR > Voltage 8010 03;06;16  -100to 100 1 % .
offset The value entered is the percentage of the

nominal voltage that is added or subtracted
from the nominal voltage to determine the
new set point.

If the operator activates Activate external Q
set point, the reactive power set point is

Regulators > determined by the value set in Modbus.

AVR > Reactive  80M 03; 06; 16 0 to 100 0 %

power set point .
The value is a percentage of the controller

nominal reactive power.

Regulators > If the operator activates Activate external
AVR > Cos phi 8012 03; 06; 16 60 to 100 2 = Cos phi set point, the cos phi set point is
set point determined by the value set in Modbus.

More information
See Holding register (03; 06; 16) in the Modbus tables for more information about the Modbus functions and their
properties.

7.5  Governor
7.51 Governor regulation function

A governor is external equipment used to control the engine speed for the genset. During frequency regulation, when the
speed drops below the required speed, the governor increases the fuel supply to the engine which increases the engine
speed. Similarly, by decreasing the fuel supply, the engine speed also decreases. The frequency of the genset is directly
related to engine speed and the number of poles in the generator.
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The governor must allow external adjustment (digital inputs or analogue input), to let the GENSET controller bias the
governor internal set point.

Digital inputs

Funcion 10— pe Jome

The operator activates this input to use curve 1 during power ramp up

Regulators > GOV > . and power ramp down.
Command > Activate P@Hfl Pulse
inpu
ramp 1 P If ramp 2 was selected as the active ramping method when you activate
ramp 1, the ramping method is immediately changed to ramp 1.
The operator activates this input to use curve 2 during power ramp up
Regulators > GOV > Didital and power ramp down.
Command > Activate 'Igﬂf Pulse
inpu
ramp 2 2 If ramp 1 was selected as the active ramping method when you activate

ramp 2, the ramping method is immediately changed to ramp 2.

Parameters for governor general configuration

The governor general configuration settings apply to all the controller's governor regulation outputs (for example, relay,
analogue, pulse width modulation, and so on).

Regulator output

If a governor analogue regulation output and both governor relay regulation outputs are configured, then one output must
be selected as the output that sends feedback to the governor.

Regulators > GOV > General configuration

rmamter—JRange e

Off: The controller does not attempt to regulate the governor, and ignores any
configured hardware.

.+ Off Relay: The controller uses the relay outputs to regulate the governor (only visible if

e Relay both relays for the governor regulation are configured).

e Analogue [/ ECU
Analogue / ECU: The controller uses an analogue output or engine interface
communication (to the engine control unit) to regulate the governor. This option is
only visible if a governor analogue regulator output and/or EIC is configured.

Regulator
output

Regulation delay

This parameter sets the time the controller waits before starting to regulate the genset. The delay time starts after the
running feedback confirms that the genset is running. It is not desirable to start regulation exactly when running feedback is
achieved. Frequency and voltage are still low compared to the nominal value at this point. The regulation delay is intended
to delay regulation until the frequency and voltage have stabilised at their preset values. This prevents regulation overshoot
at start-up.

Regulators > GOV > General configuration

oot range e

The controller waits for the amount of time specified by this parameter, before
Regulator delay 0sto2.75h regulating the genset.
This time can for example be used to set the regulation mode.

Parameters for governor regulation set point

The governor regulation set point settings apply to all the controller's governor regulation outputs (for example, relay,
analogue, pulse width modulation, and so on).
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Active power ramp up

This parameter defines the speed of the ramp up of the genset active power when the genset is connected to a busbar or
when the fixed power set point changes. The ramping functionality ramps the regulation set points to follow the
configurable curve towards the final set point. This reduces the mechanical strain on the genset when the breaker closes
and the genset starts to supply power to the system. Limiting the power ramp up speed also increases the system stability.

The parameter consists of two curves. Each curve can consist of 2 to 10 coordinates for the time and the percentage of the
genset nominal power.

Regulators > GOV regulation set points > Active power ramp up
paramete [Fange—eres
[s] 0to 3600 s The time coordinate for the active power ramp up curve.

The percentage of nominal active power of the genset coordinate for the active power ramp up
curve.

[5] 0to 100 %

o Active power ramp up example

You want a 100 kW genset to ramp up to 50 % of its nominal power at 5 %/s, and 10%/s between 50 % and a 100
% of its nominal power. This means that it will take at least 15 seconds to ramp up the genset load from 0 kW to
100 kW.

The coordinates for the primary power ramp up curve are: (0's; 0 %), (10 s; 50 %) and (15 s; 100 %).

Regulators / GOV regulation set points/ Active power operation ramp
Operation ramp up

Table

X (s) ¥i%)

This means that the controller regulates the genset to follow a slope of 5 kW/s for the first 50 % of the genset's
nominal power. And the controller regulates the genset to follow a slope of 10 kW/s between 50 % and a 100 % of
the genset's nominal power.

If the genset load is 0 kW, and 50 kW is required from the genset, it takes at least 10 seconds to ramp up the
genset load.

If the genset load is 0 kW, and 70 kW is required from the genset, it takes at least 12 seconds to ramp up the
genset load.
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Active power ramp down

This parameter defines the speed of the ramp down of the genset active power when the fixed power set point changes or
when the genset disconnects from the busbar. This reduces the mechanical strain on the genset and breaker when the
breaker opens and the genset stops supplying power to the system. Limiting the power ramp down speed also increases
the system stability.

The parameter consists of two curves. Each curve can consist of 2 to 10 coordinates for the time and the percentage of the
genset nominal power.

Regulators > GOV regulation set points > Active power ramp down

oot fonge—hores——

[s] 0to 3600 s The time coordinate for the power ramp down curve.

[5] 0t0o100 %  The percentage of nominal power of the genset coordinate for the power ramp down curve.

s Power ramp down example

\/
I

You want a 100 kW genset to ramp down to 50 % of its nominal power at 10 %/s, and 5%/s between 50 % and a O
% of its nominal power. This means that it will take at least 15 seconds to ramp down the genset load from 1000
kW to 0 kW.

The coordinates for the primary power ramp up curve are: (0 s; 100 %), (5 s; 50 %) and (15 s; 0 %).

Operation ramp down

This means that the controller regulates the genset to follow a slope of 10 kW/s between 100 % and 50 % of the
genset's nominal power. And the controller regulates the genset to follow a slope of 5 kW/s between 50 % and a 0
% of the genset's nominal power.

If the genset load is 50 kW, and 0 kW is required from the genset, it takes at least 10 seconds to ramp down the
genset load.
If the genset load is 70 kW, and 0 kW is required from the genset, it takes at least 12 seconds to ramp down the
genset load.

7.5.2 Governor analogue regulation function

You can configure an analogue output on the controller to regulate the governor. You can also set a number of parameters
for the governor analogue regulation function.
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Inputs and Outputs

T N L

Regulators > GOV >

Command > Reset GOV to Digital input  Pulse When the operator activates this digital input, the analogue

output is reset to the GOV output offset value.

offset
The controller adjusts this output to regulate the governor.

Regulators > GOV > GOV  Analogue -100 to 100

output [%] output % DEIF' recommends that you use the full rangg of the output,
that is from -100 % to 100 %, when you configure the
output.

NOTE The setup and parameters for governor regulation using pulse width modulation (PWM) is exactly the same as for
an analogue output.

More information
See Input/Output in the PICUS manual for how to configure an analogue output.

Parameters
To see the governor analogue control parameters, you must assign the function to an analogue output.

When you start and/or run a genset, you might want to adjust the starting point for analogue regulation. This is done by
changing the output offset.

Regulators > GOV > Analogue > Offset

T S

The offset is added to the GOV analogue output. The number of the
offset relates to the nominal settings set. If you select Nominal
settings 1, then the controller uses GOV output offset 1. The nominal
settings set also determine the values of other nominal settings and
engine RPM.

GOV output offset
GOV output offset
GOV output offset
GOV output offset

When the genset starts, it starts from the offset value, allowing the
-100.0 to 100.0  genset to reach the set point quickly. Ideally, the governor should be
% tuned so that if there is no signal, the genset runs at its nominal

frequency if there is no load. However, if this is not possible, GOV

output offset allows you to compensate the output to the governor.

Sw N

To set this parameter, start with GOV output offset = 0 %. Change
the offset value in small increments to fine tune the frequency output
of the genset. When you reach the desired genset frequency output,
the offset is tuned.

7.5.3 Governor relay regulation function

You can configure relay outputs on the controller to regulate the governor. You can also set a number of parameters for the
governor relay regulation function.

Digital outputs

Foncion 1o Tpe oo

Regulators > GOV > . Variable- The controller activates this output to regulate the governor
. Digital output . .
Controls > GOV increase length pulse  to increase the engine speed or power.

Regulators > GOV > Digital outout Variable- The controller activates this output to regulate the governor
Controls > GOV decrease 9 P length pulse  to decrease the engine speed or power.

Designer's handbook 4189341396C EN Page 181 of 489



Parameters
These parameters are only visible, if you assign the functions to digital outputs.

Regulators > GOV > Relay configuration > Automatic configuration

ot Jnge oo

You can make the governor response faster by decreasing the Period
time. However, if the rest of the system is slow anyway, you can

reduce the wear on the relays by increasing the Period time.
250 ms to 32.5

S

Period time

Although a relay controller is capable of fast responses, the Period
time should be similar to the response of the system to extend the
relay life.

The Minimum ON time must be long enough to ensure that the
governor can detect the shortest pulse that the controller sends to it.
You can increase the Minimum ON time to force a slow system to
respond more to the controller's regulation.

If the controller needs to increase the governor output, the GOV
increase digital output is activated for at least the Minimum ON time.
While the controller is increasing the governor output, the GOV
decrease digital output is not activated.

Minimum ON time M0 msto6.5s

If the controller needs to decrease the governor output, the GOV
decrease digital output is activated for at least the Minimum ON time.
While the controller is decreasing the governor output, the GOV
increase digital output is not activated.

You can decrease the Maximum ON time to force a fast system to
respond less to the controller's regulation.

If the controller needs to increase the governor output, the GOV

increase digital output is activated for no longer than the Maximum
0.00to 100.00  ON time. While the controller is increasing the governor output, the
% GOV decrease digital output is not activated.

Maximum ON time

If the controller needs to decrease the governor output, the GOV
decrease digital output is activated for no longer than the Maximum
ON time. While the controller is decreasing the governor output, the
GOV increase digital output is not activated.

7.6 Automatic voltage regulator

7.61 AVRregulator

An AVR is used to control the excitation of the genset. When the current to the exciter is increased, the magnetic field of the
exciter also increases. During voltage regulation, this increases the voltage output from the genset. Similarly, by decreasing
the current to the exciter, the voltage output from the genset is decreased. Reactive power is adjusted to increase or
decrease voltage.

The AVR must allow external adjustment (digital inputs or analogue input), to let the genset controller bias the AVR internal
set point.

The sections below describe the common input parameters for the automatic voltage regulator (AVR).
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Parameters

The AVR general configuration and AVR regulation set points settings apply to all the controller's AVR regulation
outputs (for example, relay or analogue).

To see these parameters, you must configure an AVR output function.

If an AVR analogue regulation output and both AVR relay regulation outputs are configured, then one output must be
selected as the output that sends feedback to the AVR.

Regulators > AVR general configuration > Regulator output

rmamrer—Jrarge e

Off: The controller does not attempt to regulate the AVR, and ignores any
configured hardware.

o Off
Regulator ¢ Relay Relay: The controller uses the relay outputs to regulate the AVR (only visible if
output « Analogue / Digital both relays for the AVR regulator are configured).
AVR

Analogue / Digital AVR: The controller uses an analogue output or digital AVR to
regulate the AVR (only visible if an analogue AVR regulator output is configured).

This parameter sets the time the controller waits before starting to regulate the genset. The delay time starts after the
running feedback confirms that the genset is running. It is not desirable to start regulation exactly when running feedback is
achieved. Frequency and voltage are at this point, still low compared to nominal value. The regulation delay is intended to
delay regulation until the governor and AVR have settled frequency and voltage on their preset values. This prevents
regulation overshoot at start-up.

Regulators > AVR general configuration > Regulation delay

T e

The controller waits for the amount of time specified by this parameter, before regulating

the genset.
Regulator delay Ostolh

This time can for example be used to set the regulation mode.

The ramp up curve defines the speed of the ramp up of the genset reactive power when the genset is connected to a
busbar or when the fixed reactive power set point changes. The ramping functionality ramps the regulation set points to
follow the configurable curve towards the final set point. This reduces the mechanical strain on the genset when the
breaker closes and the genset starts to supply power to the system. Limiting the power ramp up speed also increases the
system stability.

The curve can consist of 2 to 10 coordinates for the time and the percentage of the genset nominal reactive power.

Regulators > AVR regulation set points > Reactive power ramp up
S
[s] 0.0to1h The time coordinate for the reactive power ramp up curve.

The percentage of nominal reactive power of the genset coordinate for the reactive power
ramp up curve.

o°
[

-100 to 100 %

o Reactive power ramp up using reactive power curve example

\/
I

You want a 100 kvar genset to ramp up to 50 % of its nominal reactive power at 5 %/s, and 10%/s between 50 %
and a 100 % of its nominal reactive power. This means that it will take at least 15 seconds to ramp up the genset
reactive power from 0 kvar to 100 kvar.
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The coordinates for the primary power ramp up curve are: (0's; 0 %), (10 s; 50 %) and (15 s; 100 %).

This means that the controller regulates the genset to ensure that the reactive power ramp up does not exceed 5
kvar/s for the first 50 % of the genset's nominal reactive power. And the controller regulates the genset to ensure
that the reactive power ramp up does not exceed 10 kvar/s between 50 % and a 100 % of the genset's nominal
reactive power.

If the genset reactive power is 0 kvar, and 50 kvar is required from the genset, it takes at least 10 seconds to ramp
up the genset reactive power.
If the genset reactive power is O kvar, and 70 kvar is required from the genset, it takes at least 12 seconds to ramp
up the genset reactive power.

The ramp down curve defines the speed of the ramp down of the genset active power when the fixed power set point
changes or when the genset disconnects from the busbar. This reduces the mechanical strain on the genset and breaker
when the breaker opens and the genset stops supplying power to the system. Limiting the power ramp down speed also
increases the system stability.

The curve can consist of 2 to 10 coordinates for the time and the percentage of the genset nominal reactive power.

Regulators > AVR regulation set points > Reactive power ramp down
paramete Fange s
[s] 0to 3600 s The time coordinate for the reactive power ramp down curve.

The percentage of nominal reactive power of the genset coordinate for the reactive power

[%] -100 to 100 %
ramp down curve.

o Reactive power ramp down example

\/
I

You want a 100 kvar genset to ramp down to 50 % of its nominal reactive power at 10 %/s, and 5 %/s between 50
% and a 0 % of its nominal reactive power. This means that it will take at least 15 seconds to ramp down the genset
reactive power from 100 kvar to O kvar.

The coordinates for the power ramp up curve are: (0 s; 100 %), (5s; 50 %) and (15 s; 0 %).

This means that the controller regulates the genset to ensure that the reactive power ramp down does not exceed
10 kvar/s between 100 % and 50 % of the genset's nominal reactive power. And the controller regulates the genset
to ensure that the reactive power ramp down does not exceed 5 kvar/s between 50 % and a 0 % of the genset's
nominal reactive power.

If the genset reactive power is 50 kvar, and O kvar is required from the genset, it takes at least 10 seconds to ramp
down the genset reactive power.
If the genset reactive power is 70 kvar, and 0 kvar is required from the genset, it takes at least 12 seconds to ramp
down the genset reactive power.

7.6.2 AVR analogue regulation function

You can configure an analogue output on the controller to regulate the AVR. You can also set a number of parameters for
the AVR analogue regulation function.

Inputs and outputs

rocion o T e o

Regulators > AVR > Command > Reset . . When the operator activates this digital input, the
Digital input Pulse .
AVR to offset output is set to the offset value.

The controller adjusts this output to regulate the

Regulators > AVR > AVR output [%] Analogue output - AVR
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NOTE The setup and parameters for AVR regulation using pulse width modulation (PWM) is exactly the same as for an
analogue output.

Parameters

To see the AVR analogue control parameters, you must assign the Regulators > AVR > AVR output [%] functionto an
analogue output (that is, AO or PWM).

When you start and/or run a genset, you might want to adjust the starting point for analogue regulation. This is done by
changing the output offset.

Regulators > AVR > Analogue > Offset

e L

The offset is added to the AVR analogue output. The number of the offset relates to the
nominal settings set. If you select Nominal settings 1, then the controller uses AVR
output offset 1. The nominal settings set also determine the values of other nominal

BV, OUIERIS settings and engine RPM.

offset 1

AVR output . 5 . .

offset 2 -100.0 to When the gensejc is stgrted, it will start from the offset value, allowmg the ggnset tg
AVR output 100.0 % reach the set point quickly. Ideally, the AVR should be tuned so that if there is no signal,
offset 3 the genset runs at its nominal voltage if there is no load. However, if this is not possible,
AVR output AVR output offset allows you to compensate the output to the AVR.

offset 4

To set this parameter, start with AVR output offset = 0 %. Change the offset value in
small increments to fine tune the voltage output of the genset. When you reach the
desired genset voltage output, the offset is tuned.

7.6.3 AVRrelay regulation parameters

You can configure relay outputs on the controller to regulate the AVR. You can also set a number of parameters for the AVR
relay regulation function.

Digital outputs

T S S

Regulators > AVR > Digital output Variable-length The controller activates this output to send a signal
Controls > AVR increase 9 P pulse to the AVR to increase the voltage or reactive power.

The controller activates this output to send a signal
to the AVR to decrease the voltage or reactive
power.

Regulators > AVR > - Variable-length
Digital output
Controls > AVR decrease pulse

Parameters

These parameters adjust the controller's relay control output. To see these parameters, you must assign the functions to
digital outputs.

Regulators > AVR > Relay configuration > Automatic configuration

oo [ronge s

You can make the AVR response faster by decreasing the Period time. However, if the rest of

, the system is slow anyway, then decreasing the Period time will provide no additional benefits.
Period 50 ms to

time 15 s
Although a relay controller is capable of fast responses, it is recommended to set the Period

time to be similar to the response of the system.

The Minimum ON time must be long enough to ensure that the AVR can detect the shortest
Minimum ON 10 msto 3 pulse that the controller sends to it. You can increase the Minimum ON time to force a slow
time s system to respond to the controller's regulation.
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ot Jrange s

If the controller needs to increase the AVR output, the AVR increase digital output is activated
for at least the Minimum ON time. While the controller is increasing the AVR output, the AVR
decrease digital output is not activated.

If the controller needs to decrease the AVR output, the AVR decrease digital output is activated
for at least the Minimum ON time. While the controller is decreasing the AVR output, the AVR
increase digital output is not activated.

You can decrease the Maximum ON time to force a fast system to respond less to the
controller's regulation.

If the controller needs to increase the AVR output, the AVR increase digital output is activated
Maximum ON 0 to 100 for at least the Minimum ON time. While the controller is increasing the AVR output, the AVR
time % decrease digital output is not activated.

If the controller needs to decrease the AVR output, the AVR decrease digital output is activated
for at least the Minimum ON time. While the controller is decreasing the AVR output, the AVR
increase digital output is not activated.

7.7  Configuration alarms

7.71 GOV relay setup incomplete

The alarm is based on the Input/output configuration of the controller. The controller activates the alarm when only one of
the following digital outputs is configured:

e Regulators > GOV > Control > GOV increase

e Regulators > GOV > Control > GOV decrease

The alarm action is Warning and the alarm remains active until the configuration is corrected.

The alarm is always enabled. The alarm parameters are not visible.

7.7.2 AVRrelay setup incomplete

The alarm is based on the Input/output configuration of the controller. The controller activates the alarm when only one of

the following digital outputs are configured:

e Regulators > AVR > Control > AVR increase

e Regulators > AVR > Control > AVR decrease

The alarm action is Warning and the alarm remains active until the configuration is corrected.
The alarm is always enabled. The alarm parameters are not visible.

7.7.3 GOV output selection failure

The controller activates the alarm if an output, either relay or analogue, was selected as the regulation output, but the
selected output is then removed from the Input/output configuration.

The alarm remains active until either:
e The deleted output is added to the Input/output configuration

 The correct manual output is selected under Regulators > GOV general configuration > Regulator output >
Output type

The alarm is always enabled. You cannot see or change the alarm parameters.

Designer's handbook 4189341396C EN Page 186 of 489



7.7.4 AVR output selection failure

The controller activates the alarm if an output, either relay or analogue, was selected as the regulation output, but the
selected output is then removed from the Input/output configuration.

The alarm remains active until either:
e The deleted output is added to the Input/output configuration

e The correct manual output is selected under Regulators > AVR: common settings > Regulator output >
Output type

The alarm is always enabled. You cannot see or change the alarm parameters.

7.8  Regulation alarms
7.81 GOV regulation error
This alarm shows when there is an error with the governor controlled regulation.

The alarm is based on the difference between the measured value and the required set point, as a percentage of the set
point. The larger the set point, the more the measured value is allowed to differ from the set point.

The alarm activates if the measured value is outside of the permitted range for longer than the delay.

This alarm is not activated when the genset frequency swings in and out of the permitted range above and below the set
point. This is because this alarm only activates when the measured value is constantly above the upper limit, or constantly
below the lower limit for the entire delay period.

Parameters

Do not set the alarm set point lower than the deadband percentage for relay regulation. Doing so might activate the alarm in
an area where regulation is not possible.

Regulators > GOV > Monitoring > Regulation error

Set point (absolute value) 1.0 to 100.0 % regulation deviation

Delay M0sto1h

e Alarm deviation examples

) X

1. The controller is trying to control the genset to run at 50 Hz, and the measured frequency is 49.5 Hz.
« The deviation from the set point is |[(49.5 Hz - 50 Hz)| / 50 Hz =0.01 = 1 %.
+ The deviation is less than the alarm set point, and the alarm is not activated.

2. The controller is trying to control the genset to run at 60 Hz and the measured speed is 62 Hz.
 The deviation from the set point is |(62 Hz - 60 Hz)| / 60 Hz = 0.03 = 3.3 %.
+ The deviation is less than the alarm set point, and the alarm is not activated.

3. The controller is controlling 1500 kW genset, and is running fixed power regulation with a set point of 1000 kW.
The measured power is 600 kW.

« The deviation from the set point is |(600 kW - 1000 kW)| / 1000 kW = 0.4 = 40 %

e The deviation is more than the alarm set point. If the measured power is stays below 700 kW for longer than
the delay, then the alarm activates.
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7.8.2 AVRregulation error
This alarm shows when there is an error with the AVR controlled regulation.

The alarm is based on the difference between the measured value and the required set point, as a percentage of the set
point. The larger the set point, the more the measured value is allowed to differ from the set point.

The alarm activates if the measured value is outside of the permitted range for longer than the delay.

This alarm is not activated when the genset voltage swings in and out of the permitted range above and below the set point.
This is because this alarm only activates when the measured value is constantly above the upper limit, or constantly below
the lower limit for the entire delay period.

Parameters

Do not set the alarm set point lower than the deadband percentage for relay regulation. Doing so might activate the alarm in
an area where regulation is not possible.

Regulators > AVR > Monitoring > Regulation error

Set point (absolute value) 1.0 to 100.0 % regulation deviation

Delay 1M0sto1h

e Alarm deviation examples
)\ -

1. The controller is running fixed voltage regulation with a set point of 400 V, and the measured voltage is 250 V.
« The deviation from the set point is |(250 V - 400 V)| / 400 V x 100 = 38 %.

e The deviation is more than the alarm set point. If the measured power is stays below 280 V for longer than
the delay, then the alarm activates.

2. The controller is running fixed reactive power regulation with a set point of 0 % of nominal reactive power, and
the measured value is 2 % of nominal reactive power.

e The deviation from the set point is 2 %.
e The deviation is less than the alarm set point, and the alarm is not activated.
3. The controller is running fixed cos phi regulation with a set point of 0.9 I, and the measured value is 0.95 C.
« The deviation from the set point is [(0.95C - 0.9 1)| / 0.9 1 x 100 = 17 %.
e The deviation is less than the alarm set point, and the alarm is not activated.
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8. Power management

8.1 Power management principles
811 How it works

Power Management makes sure that the required power is available. The power management system makes sure the
system runs as efficiently as possible, and responds appropriately to changes. This requires the controllers to share
information and work together.

Power management scope

The functions of the power management:

« Takes action to prevent blackouts

« Restores power after a blackout

+ Automatically starts and stops gensets/inverters based on the load
e Shares the load between the generators or inverters

+ Manages the genset or inverter priority

e Loads and de-loads generators or inverters

* Handles the inverter

« Handles the shaft generator

+ Handles shore connection

+ Handles the bus tie breaker

* Includes the position of externally controlled breakers in power management calculations
« Manages heavy consumers

« Calculates the available power in the system

Control and modes

The controllers should normally be in power management control. The GENSET, HYBRID, and EMERGENCY genset
controllers can then be in either AUTO or MANUAL mode. The power management functions best when all the controllers
are in AUTO mode. MANUAL mode allows operator or external system (for example, a PLC) commands. Controllers should
not normally be in MANUAL mode.

A controller is in Switchboard control when the operator or an external signal activates the Mode > Switchboard control
digital input, or deactivates the Mode > PMS control digital input. For certain errors, the power management can also
force controllers in switchboard control.

More information
See Control and modes in System principles for general mode information.

You can select that a mode change (AUTO/MANUAL) applies to only the controller, or to all controllers in the same busbar
section.

More information
See Mode change in section for how to configure this setting.
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Power management and controller modes

AUTO The power managed when there is at least one GENSET controller in
AUTO mode, and where that genset is either connected or ready to
start. However, the power management is limited if there are not

enough GENSET controllers in AUTO mode to supply the load.
9 Controller

AUTO

MANUAL The power cannot be managed automatically if all the GENSET
controllers are in MANUAL mode. The controllers can share the load
and restore power after a blackout. However, there is no automatic
genset start or stop. The power management does not include the
available power from connected GENSET controllers in MANUAL mode 1 Controller

in the available power calculations. ‘
MANUAL

Disabled Power management is disabled if a controller for connected equipment
is under switchboard control. However, load sharing is still active in
those controllers that the power management controls.

If there is a blackout, then the equipment under switchboard control is i Controller

no longer connected automatically. The power management is then fully
enabled for the controllers under PMS control and manages the
blackout recovery.

Switchboard

Power availability
The controllers share information across the DEIF network, so that each controller can calculate the available power for the
section.

The PMS power available calculation is used to determine when to start and stop gensets or inverters, and to respond
appropriately to requests from heavy consumers.

More information
See Power calculations for more information.

Efficient operation
The power management with gensets, that is genset start, stop and load sharing, can be configured to maximise the
system's fuel efficiency.

The power management with hybrid inverters, that is inverter start, stop, and load sharing, can be configured to maximise
the system's use of the power source.
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Multi-master control

The power management calculations are all done by each controller, for true multi-master control. This means that if a
controller fails, the system can continue to function (as far as possible).

Protections

Most power management failures activate the standard controller alarms. Only the alarms that are specific to power
management are described in this chapter.

Power management communication

For this example, the power management rules for the section specify the minimum P available limit.

Controller 2

=

T

11

Genset status
Nominal power
Actual power
Controller 1
X

EE Genset status

Nominal power

T Actual power

Genset status
Nominal power
Actual power

Controller 3

Each controller calculates:

Nominal power = 3 Nominal power for connected gensets in the section
Consumed power = Y Actual power from the connected gensets in the section
Available power = Nominal power - Consumed power

Genset priority order

Genset start

How it works:

1.
2.
3.

The controllers each communicate their status, nominal power, and the power that the controller measures.

Each controller does the power management calculations.

If the controllers calculate that the load-dependent start limit (P available limit) is exceeded, then the controller for the

next genset in the priority order starts that genset.

8.1.2 Power management functions

These power management functions apply to the GENSET or HYBRID controller, and also to the other controllers working
together as a system.

e Blackout prevention

o Precautionary genset/inverter start (either automatically or by operator action)

Reliable power o De-load before opening breakers

o Genset/inverter breaker does not open if this would cause overload or a blackout

o Fast load-reduction and configurable specific load reduction
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Configurable recovery after blackout

Efficient operation

Load control

Genset priority selection

Heavy consumer
management

Busbar section
management

Load sharing

Intelligent load calculations

Advanced load-dependent start and stop calculations

Advanced (individually configurable) asymmetrical load sharing

Secured operation (power reservation)

Load transfer (for synchronisation, de-loading and load sharing)

Load-dependent start (two sets of parameters available)

o

o

For example, Normal start and Faster start (low available power)
Based on active or apparent power, or on percentage of nominal power

Load-dependent stop (two sets of parameters available)

o

o

For example, Normal stop and Faster stop (high available power)
Based on active or apparent power, or on percentage of nominal power

Power management system calculates control set points

o

o

Based on system configuration, controller modes, and load sharing
Frequency, power, voltage, power factor and/or var

External analogue inputs as control set points

Manual

o

o

o

Set using the user-configured dashboard soft-key, or Modbus
Delayed priority shift
Modbus

Dynamic (first genset to connect has the highest priority)

Running hours

Up to 6 fixed and/or variable heavy consumers per controller

Pre-programmed heavy consumer management sequence (with configurable
parameters)

Digital or analogue feedback from the heavy consumer *

Configurable power management rules for each section

Up to 4 externally-controlled breakers per controller **

o

Bus tie breakers and/or shore connection breakers

Ring busbar

Active power (kW) load sharing (GOV)
Reactive power (kvar) sharing (AVR)

Load sharing between gensets

o

Over the DEIF network

Load sharing options for each busbar section

o

o

o

Equal load sharing (symmetrical)
Asymmetric P load sharing for gensets
Asymmetric Q load sharing for gensets

HYBRID inverter with asymmetric load sharing with configurable constant discharge

and genset start if required

Shaft generator base load, with asymmetric load sharing for the gensets
Shore connection base load, with asymmetric load sharing for the gensets
One genset base load, with asymmetric load sharing for the other gensets

NOTE * For some controllers, the default hardware does not include analogue inputs. Extra hardware must be installed if
analogue feedback from the heavy consumer is required.
** Up to 3 externally-controlled breakers per EMERGENCY genset controller.
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8.1.3 Creating the power management application

Power management requires a single-line application drawing.

More information
See Single-line application drawing, and the PICUS manual for how to configure and write the single-line
application drawing. See Change controller type if you need to change the controller type.

8.1.4 Busbar sections

There can be bus tie breakers in the single-line application drawing. When all the bus tie breakers are closed, the plant
effectively has a single busbar. However, when one or more bus tie breakers are open, the power management has to
manage busbar sections.

The power management manages the power for the busbar sections, according to a set of power management rules. The
busbar sections are dynamic (that is, the busbar sections change whenever bus tie breakers are opened or closed).

Each BUS TIE breaker controller can create a new busbar section, as shown in the example below.

Example of busbar sections created by bus tie breakers and externally controlled bus tie breakers

Bus tie Externally controlled Bus tie
breaker 1 bus tie breaker 1 breaker 2
i . Section 1 i Section 2 @
Busbar A ‘ ‘ Busbar B Busbar A ‘ ‘ Busbar B

o —~

BUS TIE breaker BUS TIE breaker
controller controller

Externally controlled
bus tie breaker 2

Section 4 j Section 3

More information
See Externally controlled bus tie breaker how to configure and control an externally controlled bus tie breaker.

When the breaker(s) are open, each busbar section is independent from the other section(s). The controllers in the section
manage the power independently for that section.

If the breaker(s) are closed, then the connected busbar sections together form one busbar section, as shown in the
example below. The controllers in the connected busbar section manage the power for the combined busbar section.
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Example of busbar sections created by closing a bus tie breaker and an externally controlled bus tie breaker

Bus tie Externally controlled Bus tie
breaker 1 bus tie breaker 1 breaker 2
i , Section 1-2-3 ? Section 1-2-3 I_?
Busbar A ‘ ‘ Busbar B Busbar A ‘ ‘ Busbar B

o -

BUS TIE breaker BUS TIE breaker
controller controller

Externally controlled
bus tie breaker 2

Section 4 i Section 1-2-3

You can use CustomLogic to set conditions to determine the power management rules for a section. Alternatively, you can
configure digital inputs to determine the power management rules for a section.

NOTE The busbar sections are numbered here to make it easier to understand sections. However, busbar section
numbers are not used in PICUS. When CustomLogic is used to set the power management rules for one controller
in the section, then all the controllers in that section start to use the same power management rules.

More information
See Section power management for the power management rules for each busbar section.

8.1.5 Ring busbar connection

BUS TIE breaker controllers and/or externally controlled bus tie breakers can be installed in system with a ring busbar.

Bus tie Bus tie Bus tie
breaker 1 breaker 2 breaker 3
i . Section 1 I_& Section 2 I_&
Busbar A ‘ ‘ Busbar B Busbar A ‘ ‘ Busbar B Busbar A ‘ ‘ Busbar B

o - -

BUS TIE breaker BUS TIE breaker BUS TIE breaker
controller controller controller

Externally controlled
bus tie breaker

Section 4 i Section 3

NOTE A ring busbar connection is only allowed if there are at least two bus tie breakers in the single-line application
drawing. These bus tie breakers can be controlled by BUS TIE breaker controllers and/or externally controlled.
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Parameters

System power management > Bus tie breaker > Closed ring

Not enabled

* The power management does not allow the last open bus tie breaker to
close to create a ring busbar. If the operator presses the close button,
then an info message appears on the display unit.

Enabled

« The power management allows the last open bus tie breaker to close
to create a ring busbar.

Ring close e Not enabled Not
allowed e Enabled enabled

NOTICE

Externally controller bus tie breakers

If externally controlled bus tie breaker(s) are present in the system and these are open, then the power management can
close all the bus tie breakers controlled by the BUS TIE breaker controller, even though Not enabled is selected under
Close last BTB in a ring allowed. After this, it is possible to manually close the externally controlled bus tie breaker(s) and
create a ring, even though Not enabled is selected under Close last BTB in a ring allowed.

If all the bus tie breakers in a ring are closed, and the operator presses the open button for a BUS TIE breaker controller,
then that bus tie breaker opens without de-loading.

8.1.6 Local parameters

Local parameters only apply to one controller. Configure them under Local power management. These parameters are not
automatically shared with other controllers in the system.

8.1.7 Mode changes and sections
You can configure the mode change to apply to only the local controller or to all controllers in the same section.
NOTE This function also applies to applications without BTBs.

Parameters

Local power management > Mode > Update

oot Range—Josr

Decides how change mode should be applied within the section.

. e Local update Local update
Selection Local update
+ Update all e Only the local controller changes mode.
Update all

o All controllers in the section change mode.

NOTE Joining or splitting sections does not cause any mode changes.

8.1.8 Section power management

For each controller, you can configure parameters for the section power management rules. You can use up to eight sets of
power management rules.
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By default, all controllers use Power management rules 1. When the power management rules are changed for one
controller, then all the controllers in the section automatically use the same power management rules.

You can use CustomLogic to assign a set of power management rules to a controller, based on the operating conditions.
Alternatively, you can configure a digital input to activate a specific set of power management rules.

Inputs and outputs

N I

Power management > When this input is activated, the controller uses the same power
Deactivate selected Digital Continuous management rules as the other controllers in the section are using.
power management input When activated, this input overrides any set of power management
rule rules required by the controller's CustomLogic or a digital input.

The controller starts using the specified set of power management
rules when this input is activated. As a result, the other controllers in
the section also start using the specified set of power management

rules.
Power management > .
. Digital .
Activate power . ¢ Continuous
e I T
management rule # * p You can crgatg a po.wer. management rule conflict .|n the section if this
input function is active in two controllers for two different sets of
power management rules at the same time. A conflict activates the
Different power management rules activated alarm, and forces all the
controllers in the section to switchboard control.
Power management > L. . . . .
T Digital Continuous The (?c?ntroller activates this relay when the controller is using the
output specified set of power management rules.

rule # active*

NOTE *#is1to 8.

Parameters
Configure the parameters under Power management rules > Configuration # (#is1to 8).

More information
The descriptions for the power management rules parameters are included in various topics in this chapter.

Power management rules within a section

All controllers in a section must use the same power management rules at the same time. If different power management
rules are assigned to two or more controllers in the section, then the controllers activate the Different power management
rules activated alarm.

o Bus tie breaker example

D

Two sections may each use their own set of power management rules when the bus tie breaker between them is
open. The sections must use the same set of power management rules when the bus tie breaker is closed.

Power management rules when splitting a section

The power management system (PMS) uses the section's power management rules when splitting a section. The PMS does
not try to anticipate what the power management rules will be after the split.

s Splitting a section example

\ A

If the Power management rules # > Number of gensets connected > Maximum is 2 before the split, then
PMS will ensure that there are no more than 2 gensets connected to each section during the split.
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Power management rules when joining two sections

The PMS uses the least restrictive section's power management rules when joining two sections. The PMS does not try to
anticipate what the power management rules will be after sections are joined.

,q Joining a section example
)\ -

Section 1 uses Power management rules 7, and Section 2 uses Power management rules 8. Power management
rules 7 > Number of gensets connected > Maximum is 2 and Power management rules 8 > Number of gensets
connected > Maximum is 3. There must therefore be a maximum of 3 gensets connected in total before the join.

Section power management rules example
Figure 8.1 Single-line diagram for the example

CustomLogic is configured as follows:
« When bus tie breaker E is closed, CustomLogic assigns Power management rules 1to controller A.
o Since they are in the same section, the PMS applies Power management rules 1to controllers B, C and D too.
« When bus tie breaker E is open, CustomLogic assigns Power management rules 2 to controller A.
o Since itis in the same section, the PMS applies Power management rules 2 to controller B too.
« When bus tie breaker E is open, CustomLogic assigns Power management rules 3 to controller C.
o Since itis in the same section, the PMS applies Power management rules 3 to controller D too.

Based on this configuration, when bus tie breaker E is closed:
« All controllers (A to E) use Power management rules 1.

Figure 8.2 Split busbar operation for the example

Busbar A Busbar B
E

When bus tie breaker E is open:

« GENSET controllers A and B and BUS TIE breaker controller E use Power management rules 2.
e« GENSET controllers C and D use Power management rules 3.

More information
See CustomLogic, Advanced examples in the PICUS manual for detailed information on how to configure this.
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Power management rules and BUS TIE breaker controllers
You can configure power management rules in a BUS TIE breaker controller.

If the bus tie breaker is closed, the power management rules for the BUS TIE breaker controller are treated in the same way
as the power management rules for any other controller in the section.

If the bus tie breaker is open, the power management rules only apply to the section connected to Busbar A of the BUS TIE
breaker controller.

8.1.9 System power management

System power management parameters apply to the whole application, and are configured under System power
management. When you write changes in these parameters, the system power management parameters are automatically
updated in all the controllers in the system.

8.1.10 Parallel operation

In general, parallel operation is when two or more power sources supply power to the same busbar. The frequency and
voltage of the power sources must be synchronised in order for the breakers to close for parallel operation.

Rules for parallel operation
« Gensets or inverters can run in parallel with each other indefinitely.

* Generally, the shaft generator, shore connection and emergency genset run in parallel with the gensets or inverters for
only the short time it takes to switch between them, and not for extended periods.

« Multiple shore connections can run in parallel with each other if multiple shore connections are enabled and they have
the same power source.

« Shaft generators never run in parallel with each other if both are generating power.
« Multiple shaft generators can be connected to the same busbar if power take home is active.
« A shaft generator and a shore connection never run in parallel with each other.

o The SC-SG parallel alarm trips the shore connection breaker if this ever occurs.

« The shaft generator can run in parallel with gensets or inverters indefinitely if a Base load control set point is used on
the power from the shaft generator.

* The shore connection can run in parallel with gensets or inverters indefinitely if a Base load control set point is used on
the power from the shore connection.

More information
See each [Controller type] for more information on parallel operation alarms.

Emergency genset: Test function

During the emergency genset test, the emergency genset can be configured to run in parallel with the rest of the system for
a limited period. However, the emergency genset capacity is not included in the power management calculations while the
test is running.

If a blackout occurs during an emergency genset test, the EMERGENCY genset controller ends the test immediately.

More information
See EMERGENCY genset test functions for how the test functions work.

Emergency genset: Harbour operation

When harbour operation is active in the EMERGENCY genset controller, the emergency genset is treated as if it is an
ordinary genset, and can run in parallel with the other gensets indefinitely. During harbour operation, the EMERGENCY
genset controller must be in AUTO mode. The emergency genset capacity is included in the power management
calculations.
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When harbour operation is active, the emergency genset is always first in the priority order. The power management
system sends a start command to the emergency genset, if it is not running when harbour operation starts. The other
gensets may be stopped, but the emergency genset keeps running to supply the busbar.

More information
See Harbour operation for how harbour operation works.
8.111 Manage missing controllers

For various reasons, communication may be lost with one or more of the controllers in the section. To protect the section,
by default the power management automatically changes the remaining controllers to switchboard control. However,
parameters are available so that you can configure a different response if one or more controllers are missing. You can set
the minimum number of missing controllers before the mode is changed under System > Monitoring > Missing

controllers.

NOTICE

Missing controllers

If controllers are missing, then the power management cannot know their operating information, including the
breaker positions. Evaluate the risks before configuring these parameters.

Parameters

System > Monitoring

porameer——renge ————oes

If the minimum number of controllers are missing:

Switchboard control
Mode while

» Switchboard control « The power management changes the mode of the remaining controllers
controller

g » No mode change to switchboard control.
No mode change
o The power management changes the mode of the remaining controllers

to the mode specified in PMS mode while controller missing.

If the minimum number of controllers are missing, and Switchboard control is
not specified in Mode while controller missing:

No mode change

The power management does not change the mode of the remaining
PMS mode while ¢ No mode change

controller « MANUAL mode controllers.
missing « AUTO mode MANUAL mode
* The power management changes the remaining controllers to MANUAL
mode.
AUTO mode
 The power management changes the remaining controllers to AUTO
mode.

8.2 Connected, consumed and available power
8.21 Power calculations

The controllers continuously calculate the nominal, consumed and available power for each section. The power
management system (PMS) uses these values.
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The controller uses two sets of power calculations:

« PMS power: The power sources that are under power management control and available for automatic power
management functions in the section.

« Connected power: All the power sources in the section.

PMS power

PMS power is used for the power management calculations. PMS power only includes the power supplied by sources under
PMS control.

The power is included in the PMS power calculations as follows:
e« GENSET controller:
o The controller is in AUTO mode.
o The genset is running.
o The generator breaker is closed (that is, the genset is connected).
« HYBRID controller:
o The controller has PTO (Power Take Off) mode active.
o Power is not included if the controller is in Standby or PTI mode.
o The controller is in AUTO mode.
o The inverter is running.
o The inverter breaker is closed (that is, the inverter is connected).
« EMERGENCY genset controller:
o The controller is in AUTO mode.
o The genset is running.
o The generator breaker and tie breaker are closed (that is, the genset is connected to the section).
« SHAFT generator controller:
o The controller is under PMS control.
o The breaker is closed.
o NOTE: Power take home (PTH) is a load, and not included in the PMS power.
« SHORE connection controller:
o The controller is under PMS control.
o The breaker is closed.
o NOTE: Ship-to-ship is a load, and not included in the PMS power.

Connected power
The connected power shows the overall supply and load situation for the section, without being restricted by the power

management state of the power sources. It includes all the sources that are connected to the section (that is, breaker
closed and supplying power).

The power from controllers under switchboard control is included in the connected power.

Nominal power
The nominal power (also called P nom.) is the power that the connected sources can supply.

For PMS power, the nominal power is the sum of the nominal power for the connected gensets in AUTO mode (and, if
applicable, a shaft generator or shore connection under PMS control).

For connected power, the nominal power is the sum of the nominal power for the connected sources:

Nominal power = X Nominal power of connected sources
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Consumed power
The consumed power (also called P used) is produced by the gensets (and, if applicable, also the shaft generator and shore
connection). The controllers can therefore use the sources' AC measurements to calculate the consumed power.

The consumed power calculations assume that no unknown power sources are connected to the busbar.

The consumed power is also the sum of the power consumed by all of the loads in the system, for example, motors, pumps
and lighting.

For PMS power, the consumed power is the sum of the power produced by the connected sources in AUTO mode (and, if
applicable, a shaft generator or shore connection under PMS control).

For connected power, the consumed power is the sum of the power produced by the connected sources.

Consumed power = 2 Power from sources

Available power
The available power (also called P avail.) is the difference between the nominal power and the consumed power.

For PMS power, the available power calculation uses the connected consumed power, and NOT the PMS consumed power.
The PMS available power thus shows whether the PMS generators can meet the section's power needs. If a generator in
MANUAL mode or under switchboard control is supplying the section, the PMS available power can be negative.

For connected power, the available power is the difference between the nominal power and the consumed power for the
connected sources.

Available power = Nominal power - Total consumed power

The section can use the available power immediately, without starting more gensets. The section should always have some
available power for sudden load increases.

Interaction between the power types
The following graph shows an example of how the nominal power, consumed power and available power could interact over

time.

The example is a system with three gensets, with nominal powers of 1000 kW, 1200 kW and 1500 kW respectively.
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Power A

kW] 1000 kW, 1200 kW and 1500 kW genset
3500 r
Nominal
3000 power
Consumed
2500 | 1000 kW and power 1000 kW and
1200 kW genset 1200 kW genset

2000

1500
1000 kW genset

/\/
|

0 : - : - -
o [ 2] 3 [ 4] o time

At the start of the period, the 1000 kW genset is running.

1000

500

N =

The load gradually increases, and so the power management system starts the 1200 kW genset. The available power
jumps up when the genset starts.

w

The load continues to increase, and so the power management system starts the 1500 kW genset.

B

The system runs, consuming power from all three gensets.
5. Towards the end of the period, the load decreases, so that the power management system stops the 1500 kW genset.

Available power delay

To avoid over-loading a connected genset when a new genset connects to the busbar, the power management system can
communicate the new available power after a delay. When you delay communicating the new available power, the system
has time to reduce the load on the genset that is already connected before the consumers increase the load on the busbar.

The Delay parameter delays the communication of the new available power to the display unit, CustomLogic, Modbus and
other external components. The controllers in the system immediately know how much power is available and can perform
load sharing immediately once a new genset connects.

Local power management > Delays > P delay after genset connects

e S

Delay Oto30s The delay is not active for the first genset that connects to a busbar.

8.2.2 Power reservation

The power reservation inputs and parameters are used in the PMS available power calculation for the section. If these
inputs and/or parameters are changed, the changes are broadcast to the rest of the section and also saved in the other
controllers in the section.

NOTE Do not specify too much available power. The load-dependent start parameters ensure that the section normally
has some available power. Secured mode and Reserved power each provide additional available power. Therefore
Secured mode and Reserved power are not normally used simultaneously.

Secured mode

In Secured mode, the power management system (PMS) reduces the PMS power available by the nominal power of the
largest connected genset:

Available power = Nominal power - Consumed power - Nominal power of the largest connected genset
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Digital inputs

T S 7

Power management > Activate L Secured mode is activated in the section when this input is
Digital input Pulse

secured mode activated.

Power management > Deactivate L Secured mode is deactivated in the section when this input
Digital input Pulse . .

secured mode is activated.

If there have been conflicting secured mode digital input pulses in a section, then the most recent input is used.

Secured mode digital output (optional)

If you want the controller to activate a digital output when secured mode is activated, then assign this function to a digital
output.

e S S

Power management > Secured mode .. . Activated when secured mode is active in the
. . . Digital output Continuous .
active 1n section section.

Reserved power
For Reserved power, the power management reduces the PMS power available by the reserved power Set point:

Available power = Nominal power - Consumed power - Reserved power

Parameters

Power management rules > Configuration # > Power reservation > Reserved power *

oot [nge

Not enabled: The PMS ignores the reserved power set point. Available power =

Nominal power - Consumed power
Enable Not enabled, Enabled

Enabled: The system subtracts the reserved power from the available power.

Set point T1kW to 9 GW The reserved power that the controller must subtract from the available power.

If this parameter is set too high, then heavy consumers might not be able to connect.
NOTE *#is1to 8.

8.2.3 Power analogue outputs

You can configure analogue outputs with functions for a power value in a section. The controller calculates these values
from the information from all the controllers in the section.

Power value analogue outputs

Functon o Junts ___oetals

Power management > Section Analogue The available power to supply the total load in the

| PMS P avail. [kW] output 0 kW to 10 MW section from gensets connected in AUTO mode.
The power used from gensets connected in AUTO in
. C s seotd A the section.
ower managemen ection na ogue
0 kW to 10 MW

| PMS P used [kW] output
Note: If you need the total power consumption in the

section, use Conn. P used.
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Functon o Junts __pewls

Power management > Section Analogue 0 KW t6 10 MW The total nominal power for the gensets connected in
| PMS P nom. [kW] output AUTO mode in the section.

The PMS available power as a percentage of the PMS
nominal power in the section.

Power management > Section Analogue

| PMS P avail. [3] OUtpL -100t0 100 %  This can be negative. For example, the gensets in

AUTO mode cannot supply the whole load, and a
generator under switchboard control is supplying
power to the section.

Power management > Section
g Analogue -100 to 100 % The PMS power used as a percentage of the PMS

| PMS P used [%] output nominal power in the section.

Power management > Section i
w g 1 Analogue 0 KW t0 10 MW The total available power from all the connected

| Conn. P avail. [kW] output generators in the section.

Power management > Section
J Analogue 0 kW to 10 MW The total load in the section.

| Conn. P used [kW] output
Power management > Section Analogue 0 KW t6 10 MW The total nominal power for the connected gensets in
| Conn. P nom. [kW] output the section.

Power management > Section i
g Analogue 100 t0 100 % The total available power as a percentage of the

| Conn. P avail. [%] output connected nominal power in the section.

Power management > Section Analogue The load as a percentage of the connected nominal

-100 to 100 %

| Conn. P used [%] output power in the section.
Power management > Number Analoaue The number of feeders (DG or HYBRID) connected in
of feeders connected in 9 Value PMS in AUTO mode to the busbar in the dynamic
output .
PMS section.
Applications

An analogue output with a power value may be wired to a switchboard instrument, to help with troubleshooting. For
example, use Section | PMS P avail. [%] to troubleshoot load-dependent start and stop.

8.3 Genset priority
8.3.1 Genset start and stop priority order

Each genset has a priority that the power management can use to determine which genset to start (or stop) when a genset
start (or stop) is needed. The operator can determine the genset priority. Alternatively, the power management can
determine the genset priority.

The priorities are used to create a genset priority order, as shown in the following example. The gensets with priority 1and 2
are running, while the gensets with priority 3 and 4 are stopped. All the GENSET controllers are in AUTO mode.

— | — — —
G ° G ° G ° G °
I I [T T I I [T [T I I T [T I I [T T
( ) ( ) ( ) ( )
Priority 1 Priority 2 Priority 3 Priority 4
Genset stop f f Genset start

- @® O -

If a genset start is needed, the first non-running genset in the priority order is started. Note that the GENSET controller must
also be in AUTO mode, and the genset must be Ready for operation.
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In this example, the genset with priority 3 is started. If the genset fails to start, or if the power management needs another
genset to start, the next genset in the order (the genset with priority 4) is started.

Similarly, if a genset stop is needed, the last running genset in the priority order is stopped. In this example, the genset with
priority 2 is stopped.

NOTE Poorly selected genset priorities can lead to inefficient operation in a system that consists of gensets of different
sizes. This is because the power management ensures that the gensets run according to their priority order, even if
it is not the most efficient configuration.

e Genset priority example

\/

The system consists of genset A (1000 kW), genset B (500 kW) and genset C (200 kW). The system requires 800
kW.

o |If genset A has priority 1, then only genset A will run to supply the load.

« However, if genset C has priority 1, and genset B priority 2, then all three gensets have to run. This is because
the power management ensures that the gensets run according to their priority order to provide the power
required by the load.

Priority in the system

The power management has one genset priority order, which includes all the GENSET controllers in the system. The genset
priority order does not change when bus tie breakers open to create new sections. The order does not change when bus tie
breakers close to join sections.

Priority in sections
Within a section, the power management uses the genset priority order for the GENSET controllers that are in the section.

If a bus tie breaker opens and splits the section, then the genset priority order for each section consists of only the GENSET
controllers in each section.

Similarly, if a bus tie breaker closes to join two sections, then the genset priority order for the new section consists of all the
GENSET controllers in the new section.

e Priority in a section example

) X

The system has six GENSET controllers. Gensets A, B and C are in section 1. Gensets D, E and F are in section 2.
The bus tie breaker between sections 1and 2 is open.

The genset priority order is:
e GensetF, priority 1

e Genset C, priority 2

e Genset D, priority 3

e Genset A, priority 4

e Genset B, priority 5

e Genset E, priority 6

For section 1, the genset priority order is: C, A, B. For section 2, the genset priority order is: F, D, E.
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8.3.2 Priority selection method

System power management > Priority > Selection

T

Manual: The genset priority is defined using a digital input, a user-configured dashboard
soft-key, or the Modbus interface.

mf See Manual genset priority.

Delayed priority shift: This is the same as Manual priority, however, after a change in
priorities, the new priority order will not start (or stop) a genset until the next genset start
(or stop) is required by power management.

e Manual
- e M see Manual genset priority.
priority shift
Method « Dvnamic Dynamic: Dynamic priority selection assigns the genset priority according to the order in
y . which the gensets connect to the busbar. This genset priority selection method maximises
* Running system reliability by prioritising the gensets that start quickly and penalising slow starts and
hours genset failure.

nf] See Dynamic genset priority .

Running hours: The genset priority is assigned to ensure that the genset running hours are
all within the same range or offset. The controller ignores the user-configured dashboard
soft-key.

M see Running hours for genset priority.

8.3.3 Manual priority

The controller priorities are always synchronised. If you manually change the priority in one controller, then the priorities in
all the other controllers are automatically updated.

If Manual, Delayed priority shift or Dynamic is selected as the priority selection method, then you can select the genset
priorities manually. For Manual and Delayed priority shift, the priorities are only set by the operator, and the controllers do
not automatically change the genset priorities.

A new genset priority order should be carefully considered, since it may cause genset starts and stops. You can select
Delayed priority shift before changing the priority, to prevent genset starts and stops while changing the priority. If all the
GENSET controllers are in MANUAL mode while you set the genset priority, this prevents unwanted automatic genset starts
and/or stops.

Digital inputs (optional)

N [ S T

Power management > 1lst L. L. . L.
Digital input Pulse This input makes the controller the first priority.

priority

Power management > Last L The last priority request is a pulse signal. The controller
. Digital input Pulse s .

priority becomes the last priority in the genset priority order.

More information
See Last priority for how this request works.

Setting the genset priority using the 1st priority input
You can set the genset priority manually by using the 1st priority input on the gensets in the reverse of the priority order you
want. You can also use a user-configured dashboard soft-key or Modbus interface.
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o st priority example

\ A

The system consists of gensets A, B, C and D. You want genset A to have priority 1, genset B to have priority 2,
genset C to have priority 3 and genset D to have priority 4.

1. Activate the 1st priority input or use a user-configured 1st priority button on the dashboard on the controller in
the following order: D, C, B, A. Wait about 10 seconds between each input activation.

2. The priority order is then A, B, C, D.

Alternatively, if a button is wired to a digital input, with the Power management > 1st priority function configured, then
pressing this button has the same effect as as using a user-configured dashboard button.

Delayed priority shift
If Delayed priority shift is selected, then after a change, the new priority order only comes into effect during the next load-

dependent start/stop. If this is not selected, changes to the priority order may immediately result in genset starts and stops,
since the gensets that are running must correspond to the new genset priority order.

o Delayed priority shift example

) X

The priority order is A, B, C, D. The gensets are all the same size. Genset A is running.

The operator changes Genset A's priority to 3. The priority order is now B, C, A, D. When the power management
requires a genset start, Genset B starts. At the same time, Genset C also starts. When Genset B and C are
connected, and the load-dependent stop timer expires, then Genset A stops.

8.3.4 Dynamic priority

For Dynamic priority, the power management assigns the genset priority according to the order in which the gensets
connect to the busbar. This genset priority selection method maximises system reliability by prioritising the gensets that
start quickly and penalising slow starts and genset failure.

Manual genset priority inputs also change the dynamic genset priority.
There are no parameters specific to Dynamic priority.

Rules for dynamic genset priority selection

« Each genset's priority is according to the order in which it connects to the busbar. This applies to both AUTO and
MANUAL mode. The first genset to connect gets priority 1, the second genset gets priority 2, and so on.

o The controller also monitors the order in which the gensets connect during blackout recovery.

« If the operator puts a GENSET controller in MANUAL mode and opens the breaker, then that genset gets the lowest
priority.

« If a genset breaker trips, then that genset gets the lowest priority. The gensets in the priority order behind that genset
each move up one place.

* The dynamic genset priority also changes in response to inputs from the user-configured dashboard soft-key button on
the GENSET controller display, as well as inputs from Power management > 1lst priority digital input.

o Dynamic genset priority example
J\ -

The system consists of four gensets and the load requires one genset.
1. Genset A is running, and the priority order is A, B, C, D.
2. Genset A's breaker trips and there is a blackout.

3. The power management moves Genset A to the back of the priority order (because its breaker tripped). The
new priority order is B, C, D, A.
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4. The blackout recovery sequence sends commands to the first two gensets in the priority order to start (B and
C). Genset C starts and connects to the busbar first. Genset B does not start. The blackout recovery sequence
therefore starts and connects genset D.

5. The new priority order is C, D, A, B. This is because genset C connected first, and genset B did not start.

8.3.5 Running hours for priority

You can use running hours for priority to ensure that all the gensets have about the same running hours. This method
checks the running hours at regular intervals. It places the gensets with the lowest running hours at the front of the priority
order, while the gensets with the highest running hours are at the back of the priority order. If the genset priorities are
different from the running gensets, the genset(s) with the lowest number of running hours is started, and the genset(s) with
the highest number of running hours is stopped.

If two (or more) gensets have exactly the same number of running hours, the genset priority is decided using the controller
Controller ID numbers. The controller with the lowest Controller ID has the first priority.

Parameters

System power management > Priority > Running hours

oot JRange—— s

Total counter
The priority is based on the total running hours for each genset.
o Total counter * P y 9 9
Method Trip counter

e Trip counter
« The priority is based on the running hours for each genset since the timer was last

reset (similar to a trip meter in a car).

Swap timer 1to 20000 h The regular interval for re-evaluating the genset priority, based on running hours.

Total counter
By default, the priority order calculation is based on each genset's absolute running hours.

Trip counter

You can use Trip counter to avoid a situation where gensets with significantly different running times are over- or under-
used. For example, if Total counter is used, then an older genset might not run at all until the newer gensets get up to
the same number of running hours.

Example Swap timer for the Total and Trip methods
There are three gensets (A, B, C) in the system. The Swap timer is 100 hours. All the gensets have 0 running hours.

The following graph shows how the running hours priority determines which gensets run, as well as the effect when more
than one genset is required.
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The operation is as follows:
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ACB BCA
100 200
115 115
100 160

The genset priority is A, B, C. Genset A runs.

8.3.6 Priority digital outputs

This only applies to GENSET or HYBRID controllers.

Time =
[hours]

At 60 hours, the load increases, and an additional genset is required. Genset B starts.

The swap timer reaches 100 hours. The genset priority changes to C, B, A. Genset C starts. Genset A stops.
At 175 hours, the load decreases, and only one genset is required. Genset B stops.

The swap timer reaches 200 hours. The genset priority changes to A, C, B. Genset A starts. Genset C stops.
At 240 hours, the load increases, and an additional genset is required. Genset B starts.

The swap timer reaches 300 hours. The genset priority changes to B, C, A. Genset B starts. Genset A stops.

You can configure a digital output with a function for the priority.

Digital outputs

e S S

Power management > Is

first priority

Power management > Is
first standby

Power management > Is
second standby
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Digital output Continuous

Digital output Continuous

Digital output Continuous

Activated when the controller has the first priority in the
section.

Activated when the controller controls the first power source in
the section that the power management system would attempt
to connect when another power source is required.

Activated when the controller controls the second power
source in the section that the power management system
would attempt to connect when another power source is

required.
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8.3.7 Last priority
This only applies to GENSET or HYBRID controllers.

You can configure either a digital input or use a CustomLogic function to force the controller to be the last priority. Where
multiple controllers get the command, then the last controller to get the command is the last priority. If another controller
gets the command again after that, then the last controller becomes the last priority.

Digital input

e N S

Power management > Last L The last priority request is a pulse signal. The controller becomes
. Digital input Pulse Lo .
priority the last priority in the priority order.

8.4 Genset start and stop
8.41 How it works

The power management automatically starts and stops gensets. Gensets are started to ensure that the required power is
always available. Gensets are stopped when enough power is available, for more efficient operation.

AUTO mode for automatic genset starts and stops

The load-dependent start function sends a genset start command when an additional genset is required to satisfy the
system's power requirements. The load-dependent stop function sends a genset stop command when the system's power
requirements will be satisfied even after that genset is stopped.

The load-dependent start function is active whenever at least one GENSET controller is in AUTO mode. However, the
function will only start additional gensets when there are additional GENSET controllers are available in AUTO mode.

The load-dependent stop function is active whenever at two GENSET controllers are in AUTO mode. However, the power
management will not stop the last connected genset.

Only GENSET controllers in AUTO mode are included in the available power calculations. Power from GENSET controllers
that are in MANUAL mode is not included.

Section-based power management rules
The load-dependent start and stop function parameters are included in the section-based power management rules.

Overriding automatic genset stops
There may be times when you do not want the load-dependent stop function to be active (for example, during harbour

manoeuvring). You can override load-dependent stops using a digital input (Power management > Block load-
dependent stop).

Blackout and genset starts

The blackout recovery sequence responds immediately to a dead busbar. In contrast, a precautionary genset start
responds to busbar instability.

More information
See Blackout recovery and Precautionary genset start.

The EMERGENCY genset controller response to a blackout is based on its own AC measurements. The EMERGENCY
genset controller response is independent of the power management response.

More information
See EMERGENCY genset controller for more information on the EMERGENCY genset controller blackout response.
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8.4.2 Load-dependent start configuration

Load-dependent start defines when the power management automatically starts gensets. The power management starts
gensets when the section load increases, for example, if the operator starts some equipment. An additional Protective start
setting can be configured to attempt to avoid unwanted starts of additional gensets due to a temporary situation. If you
have heavy consumers that temporarily push the apparent power above 100% while starting, you might want to use active
power instead.

If the PMS available power is negative, the power management starts another genset immediately, and does not wait for the
load-dependent start timer.

These parameters apply to GENSET controllers in AUTO mode and HYBRID controllers in PTO mode.
You can configure up to 8 different configurations (# is 1to 8).
Define the overall load-dependent start and stop configuration.

Power management rules > Configuration # > Load-dependent start/stop > Configuration

pormeer— Jfange —Noes

Calculationin P
Power e Calculationin P ¢ The calculations are based on the active power (P).
selection e Calculationin S Calculationin S

e The calculations are based on the apparent power (S).

Power

e The calculations are based on the PMS available active power in kW, or the PMS

available apparent power in kVA.
e Power Percent
Method . .
e Percent e The calculations are based on the total consumed active (or apparent) power as a

percentage of PMS nominal active (or apparent) power.
NOTE The Percent method can be better if the genset sizes are very different.

Define the first set of start parameters. By default, the power management uses these parameters.

Power management rules > Configuration # > Load-dependent start/stop > Start 1

e

Not enabled

o The power management ignores this set of parameters.
e Not enabled

Enable
e Enabled
Enabled
o The power management uses this set of parameters.
Calculation in P and Method = Power must be selected, otherwise this parameter is
, ignored.
P available
1kW to 9 GW

limit
If this amount of PMS power is not available for the delay period, the power
management starts the next genset in the priority order.

Calculation in S and Method = Power must be selected, otherwise this parameter is

: ignored.
S available

Limit 1kVA to 9 GVA
If this amount of PMS apparent power is not available for the delay period, the power
management starts the next genset in the priority order.
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Parameter

Load limit

Delay

1t0 100 %

5stolh

range oy

Method = Percent must be selected, otherwise this parameter is ignored.

The load percentage is the total power consumed, as a percentage of the PMS nominal
power. If the load percentage exceeds this parameter for the Delay period, the power
management automatically starts and connects another genset.

If Calculation in P is selected, this limit is based on the percentage of active power.

If Calculation in S is selected, this limit is based on the percentage of apparent power.

If the load exceeds the limit for the whole of the delay period, then the power
management starts the next genset in the priority order.

Define the second set of start parameters. By default, the power management ignores these parameters.

Power management rules > Configuration # > Load-dependent start/stop > Start 2

e S

Enable

P available
limit

S available
limit

Load limit

Delay

Example

pa

« Not enabled
e Enabled

TkW to 9 GW

1kVA to 9 GVA

110 100 %

5stolh

Start load limit example

Not enabled
» The power management ignores this set of parameters.
Enabled

+ The power management uses this set of parameters for load-dependent start. The
Start 1 parameters can also be active. The controller starts an additional genset if this
is required by either set of parameters.

Calculation in P and Method = Power must be selected, otherwise this parameter is
ignored.

If this amount of PMS power is not available for the delay period, then the power
management starts another genset, according to the priority order.

Calculation in S and Method = Power must be selected, otherwise this parameter is
ignored.

If this amount of PMS apparent power is not available for the delay period, the power
management starts another genset, according to the priority order.

Method = Percent must be selected, otherwise this parameter is ignored.

The load percentage is the total power consumed, as a percentage of the PMS nominal
power. If the load percentage exceeds this parameter for the Delay period, then the
power management automatically starts and connects another genset.

If Calculation in P is selected, then this limit is based on the percentage of active power.

If Calculation in S is selected, then this limit is based on the percentage of apparent
power.

If the load exceeds the limit for the whole of the delay period, the power management
starts another genset, according to the priority order.

The system consists of three gensets. Genset A has a nominal power of 1000 kW. Gensets B and C each have a
nominal power of 500 kW. The total power consumed in the system (that is, the load) is 900 kW. The Power
selection is Calculation in P. The Method is Percent. The Load limit is 90 %.
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Example 1: Gensets A and B are running. The total nominal power connected is Genset A nominal power + Genset
B nominal power = 1500 kW.
The load percentage is 900 kW /1500 kW = 0.6 = 60 %. The power management does not start another genset.

Example 2: Only Gensets B and C are running. The total power connected is 1000 kW. The load percentage is 900
kW /1000 kW = 0.9 = 90 %. If the load percentage remains at 90 % (or more) for the Delay time, the power
management starts another genset.

Two sets of load-dependent start parameters
You can use both sets of load-dependent start parameters:
« Configure one parameter set for low available power, with a long timer setting.
o The timer period helps to ensure that the genset start really is needed.
« Configure the other parameter set with a low timer setting for very low available power.
o This ensures that the power management responds quickly to a very low available power.

e Two sets of start parameters example Available
A ower A
~ . o oo M
The graph shows available power and time, with two Limit 1

sets of start parameters. In this example, Limit 1is
exceeded for Timer 1, and so the power management

t2
starts a genset. Limit 2

time

Protective start

You can additionally configure a setting to use active power (kW), apparent power (kVA), or both. The default is both (kW
and kVA).

In certain systems, you may want to avoid unwanted starts. For example, if you have heavy consumers that could push the
apparent power above 100% while they are starting. In this situation, it might be useful to use active power (kW) for this
setting.

Power management rules > Configuration # > Load-dependent start/stop > Protective start

e g e |

Protective start kW, kVA, kW and kVA
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8.4.3 Load-dependent start flowchart

PMS control
GENSET in
AUTO

. |

Available
power < load-
dependent
start limit

Yes
2. Y

Genset System may
available to become
start No overloaded
1. The controller checks if the PMS available power is below the start limit.
3 Y Yes 2. The controller checks if a genset can be started.

Z « If a genset cannot be started the system may become overloaded.
3

. The controller starts the load-dependent start timer.
Load-dependent

start timer starts 4. The controller checks if the PMS available power remains below the start
limit.
5. If the timer expires the power management starts the next available
4. genset in the priority order.
Available
power < load- ™
dependent
start limit
5.

Start next
genset in
priority queue

8.4.4 Load-dependent stop configuration

This configuration defines when the power management automatically stops gensets. The power management stops
gensets when the section load decreases.

These parameters apply to GENSET controllers in AUTO mode and HYBRID controllers in PTO mode. You can configure up
to 8 different configurations (# is 1to 8).

Digital input (optional)

e S S

Power management > Block Digital inout  Continuous The power management prevents load-dependent stops
load-dependent stop 9 P in the section while this input is activated.

Define the overall load-dependent start and stop configuration.
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Power management rules > Configuration # > Load-dependent start/stop > Configuration

et honge e

Calculationin P
Power e Calculationin P ¢ The calculations are based on the active power (P).
selection « Calculationin S Calculationin S
e The calculations are based on the apparent power (S).
e Power: The calculations are based on the PMS available active power in kW, or
the available apparent power in kVA.

e Power o Percent: The calculations are based on the total consumed active (or apparent)

Meth . 7
ethod « Percent power as a percentage of PMS nominal active (or apparent) power.

Note: The Percent method can be better if the genset sizes are very different.

Define the first set of stop parameters. By default, the power management uses these parameters.

Power management rules > Configuration # > Load-dependent start/stop > Stop 1

oot JRnge—— Noes

.« Not enabled Not enabled: The power management ignores this set of parameters.

Enable
e Enabled .
Enabled: The power management uses this set of parameters.
Calculation in P and Method = Power must be selected, otherwise this parameter is
) ignored.
P available
1kW to 9 GW

limit
If this amount of PMS power would be available for the Delay period if a genset was
stopped, then the power management stops a genset, according to the priority order.

Calculation in S and Method = Power must be selected, otherwise this parameter is

ignored.
S available
L 1kVA to 9 GVA . . L
limit If this amount of PMS apparent power would be available for the Delay period if a genset
was stopped, then the power management stops a genset, according to the priority
order.

Method = Percent must be selected, otherwise this parameter is ignored.

For the stop Load limit, the load percentage is the total power consumed, as a

percentage of the PMS nominal power that would be connected if a genset was

stopped. If the load percentage is lower than this limit for the Delay period, then the
Load limit 1to 100 % power management automatically disconnects and stops a genset.

If Calculation in P is selected, then this limit is based on the percentage of active power.

If Calculation in S is selected, then this limit is based on the percentage of apparent
power.

If the load is less than the limit for the whole of the Delay period, then the power

Dela 5sto1h . .
Y management stops a genset, according to the priority order.

Define the second set of stop parameters. By default, the power management ignores these parameters.

Power management rules > Configuration # > Load-dependent start/stop > Stop 2

e

e Notenabled Not enabled: The power management ignores this set of parameters.
+ Enabled

Enable
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Enabled: The power management uses this set of parameters for load-dependent stop.
The Stop 1 parameters can also be active. The controller will stop a genset if either set of
parameters allow the stop.

Calculation in P and Method = Power must be selected, otherwise this parameter is

, ignored.

P available

Limit TkW to 9 GW
If this amount of PMS power would be available for the Delay period if a genset was
stopped, then the power management stops a genset, according to the priority order.
Calculation in S and Method = Power must be selected, otherwise this parameter is
ignored.

S available

L TkVA to 9 GVA . . L

limit If this amount of PMS apparent power would be available for the Delay period if a genset
was stopped, then the power management stops a genset, according to the priority
order.

Method = Percent must be selected, otherwise this parameter is ignored.

For the stop Load limit, the load percentage is the total power consumed, as a

percentage of the PMS nominal power that would be connected if a genset was

stopped. If the load percentage is lower than this limit for the Delay period, then the
Load limit 1to 100 % power management automatically disconnects and stops a genset.

If Calculation in P is selected, then this limit is based on the percentage of active power.

If Calculation in S is selected, then this limit is based on the percentage of apparent

power.

If the load would be less than the limit for the whole of the Delay period if a genset was
Delay 5sto1h ] e

stopped, the power management stops a genset, according to the priority order.
Example

’ Stop load limit example

\ A

The system consists of three gensets. Genset A has a nominal power of 1000 kW. Gensets B and C each have a
nominal power of 500 kW. The priority is A, B, C. The total power consumed in the system (that is, the load) is 700
kW. The Power selection is Calculation in P. The Method is Percent. The Load limit is 60 %.

Example 1: Gensets A, B and C are running. For the load percentage calculation, the total nominal power
connected if genset C was stopped is Genset A nominal power + Genset B nominal power = 1500 kW.

The load percentage is 700 kW / 1500 kW = 0.47 = 47 %. If the load percentage remains below the Load limit for
the Delay time, the power management stops genset C.

Example 2: Only gensets A and B are running. For the load percentage calculation, the total nominal power
connected if Genset B was stopped is Genset A nominal power = 1000 kW. The load percentage is 700 kW / 1000
kW = 0.7 = 70 %. The power management does not stop genset B.

Two sets of load-dependent stop parameters
You can use both sets of load-dependent stop parameters:
« Configure one parameter set for high available power, with a long timer setting.
o The timer period helps to ensure that the genset stop really is needed.
« Configure the other parameter set with a low timer setting for very high available power.
o This ensures that the power management responds quickly to a very high available power.
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e Two sets of stop parameters example Available @
power A t2

\/
I

The graph shows available power and time, with two Limit 2
sets of stop parameters. In this example, Limit 2 is
exceeded for Timer 2, and so the power management
stops a genset.

Limit 1

time

Conditions that block load-dependent stops
The following can block load-dependent stops in the section:
* The load-dependent stop will mean that the minimum number of gensets are not running
o See Power management rules > Configuration # > Number of gensets connected > Minimum
* A heavy consumer is active, and Block stop when active is enabled.

o See Power management rules > Configuration # > Load dependent start/stop > Heavy consumer >
Block stop when active

e The digital input function Block load dependent stop is assigned, and the digital input is activated.

o See Power management > Block load-dependent stop
8.4.5 Load-dependent stop flowchart

PMS control
GENSET in
AUTO

. |

Available
power > [oad-
dependent
stop limit

Yes
2. \J

X 1
Load-dependent e . L .
stop timer starts e The Io;ad—dependent stop limit + the nominal power of the lowest priority running
genset.

The controller checks if the PMS available power is more than the stop limit.

-l

2. The controller starts the load-dependent start timer.
3. The controller checks if the PMS available power remains below the start limit.

Available
power > |load-
dependent
stop limit

4. If the timer expires the power management stops the last running genset in the priority
order.

Stop last
genset in
priority queue
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8.4.6 Power method for load-dependent start and stop

For the Power method, the power management starts or stops gensets with GENSET controllers in AUTO mode, based on
the section's PMS available power.

The Power method may be based on active power (P, in kW) (Calculation in P) or apparent power (S, in kVA) (Calculation in
S). The available power genset start and stop function calculations are the same for apparent power as they are for active
power.

Calculation in S is typically selected if the connected load is inductive and the power factor is below 0.7.

The following example shows how the parameters interact with the PMS nominal power, connected consumed power and
PMS available power.

Load-dependent start

If the PMS available power is less than the Load-dependent start limit for the specified time, then the first genset that is
ready to start (in the priority order) is started and connected.

Load-dependent stop

The power management calculates what the PMS available power would be if the connected genset that is last in the
priority order is stopped. If this is higher than the Load-dependent stop limit for the specified time, that genset will be
stopped.

Example

The system consists of two gensets, each with a nominal power of 1500 kW. The load-dependent start set point is 150 kW.
The load-dependent stop set point is 300 kW.

e The load-dependent start delay (t1) is 1 minute.
e The load-dependent stop delay (t2) is 5 minutes.

Power i
kW] A o Nominal power

2700

2400

2100 e Available powero
Stop limit

t2

\/M

1800 |

1500

1200

900

600

300 Start limit

O 1 1 1 1 1 1 1 >
time

1. One genset is running and the PMS nominal power is 1500 kW. The consumed power rises, and so the PMS available
power drops.

2. The PMS available power is 150 kW. The load-dependent start timer starts.

3. The PMS available power remains below 150 kW, and so the power management sends a command to the second
genset to start.
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4. The second genset starts, and both gensets supply the load.

5. The consumed power drops to 1200 kW. The PMS available power is now 1800 kW. This is equal to the nominal power of
the genset that is last in the priority order plus the load-dependent stop set point. Therefore, the load-dependent stop
timer starts.

6. The PMS available power remains above 1800 kW, and so the power management send a command to the second
genset to stop.

7. The second genset stops, and the first genset supplies the load.
8.4.7 Power method and hysteresis
For the power method:

Hysteresis = Load-dependent stop limit - Load-dependent start limit

For stable operation, the load-dependent stop limit must be larger than the load-dependent start limit.

The following graph of PMS available power shows an example of the hysteresis between the stop and start for the power
method. The section consists of two equally sized gensets. The start and stop delays are 0 seconds. At the beginning of the
period shown on the graph, the section is not powered.

Power \
y
kW] Nominal power
(4] 8
- Q
o Available power %
N
e e 2
| % s Consumed power g
- (2] S [ 7)
(0] [0
" 2 2
(0] [0
Stop o o
limit
Hysteresis
Start / } y 0o \
limit e

The PMS available power jumps up when genset 1 starts and connects to the busbar.

As time passes, the section load increases, which makes the PMS available power fall.

The PMS available power falls until it reaches the load-dependent start limit. Genset 2 is started.

The PMS available power jumps up when genset 2 starts, then drops as the section load continues to increase.

aos W

The section load decreases, and the available power increases, until PMS available power = genset 2 nominal power +
load-dependent stop limit.

6. Genset 2 stops. The PMS available power drops to the load-dependent stop limit.
The section load continues to decrease, and the PMS available power continues to increase.

8.4.8 Percent method for load-dependent start and stop

For the Percent method, the power management starts/stops gensets with GENSET controllers in AUTO mode based on the
load measured at each genset.
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The controller calculates the genset load percentage:

Genset load percentage = Measured genset load / Nominal genset power

The Percent method is a simple, robust method. However, the available power is proportional to the section load. The
available power may therefore be too low at low loads, and/or too high at high loads. If this is a problem, use the Power
method.

Load-dependent start

If the genset load percentage is higher than the Load-dependent start limit, then the first genset that is ready to start (in the
priority order) is started and connected.

Load-dependent stop

The power management calculates what the genset load percentage would be if the connected genset that is last in the
priority order is stopped. If this is lower than the Load-dependent stop limit, that genset will be stopped.

Example

The following graph shows how the genset load percentage start and stop function works. The system consists of three
1000 kW gensets that use load sharing.

Genset load-dependent start limit: 90 %

Genset load-dependent stop limit: 70 %

Power A
kW]
Genset 1, Genset 2
3000 f & Genset 3
Nominal power
2500 | 0
Genset 1 & Genset 1 &
2000 | Genset 2 Genset 2
1500 F Consumed power
1000 Genset 1 Available power G o Genset 1
500 |
0 . ) . .

time
1. Genset 1is running.

2. The load builds up until it reaches 900 kW, which is 90 % of genset 1's nominal power. The power management starts
the next genset in the priority order.

3. Genset 2 starts, and the load builds up until it reaches 1800 kW, which is 90 % of the nominal power for genset 1and
genset 2. The power management starts the next genset in the priority order.

4. Genset 3 starts, and gensets 1, 2 and 3 run. After a while the load starts to decrease.

5. The load reaches 1400 kW, which is 70 % of the nominal power for genset 1 and genset 2, after genset 3 is stopped. The
power management therefore stops the last running genset in the priority order.

6. Genset 3 stops, and gensets 1and 2 run. The load decreases.
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7. The load reaches 700 kW, which is 70 % of the nominal power for genset 1, after genset 2 is stopped. The power
management therefore stops the last running genset in the priority order.

8. Genset 2 stops, and genset 1runs. The load is less than 90 %, so no additional gensets start. There are no other running
gensets, so the genset stop function is inactive.

8.4.9 Percent method and hysteresis

For the percent method the load-dependent start and stop hysteresis depends on:

e The nominal power of the gensets

e The priority of the gensets

e The number of connected gensets

¢ The load-dependent stop limit must be LOWER than the load-dependent start limit.

Equally sized gensets example

L

The section has three 1000 kW gensets. The priority order is A, B, C. start 1 > Load limit is 90 %, and Stop
1 > Load limit is 70 %.

Genset A always runs.
Genset B starts when the load is 900 kW, and stops when the load is 700 kW. The hysteresis is 200 kW.
Genset C starts when the load is 1800 kW, and stops when the load is 1400 kW. The hysteresis is 400 kW.

o Different gensets example

\/
I

Genset A has a nominal power of 2000 kW and has first priority. Genset B has a nominal power of 1000 kW and
has second priority. Genset C has a nominal power of 500 kW and has third priority. Start 1 > Load limit is
90 %, and Stop 1 > Load limitis 70 %.

Genset A always runs.
Genset B starts when the load is 1800 kW, and stops when the load is 1400 kW. The hysteresis is 400 kW.
Genset C starts when the load is 2700 kW, and stops when the load is 2100 kW. The hysteresis is 600 kW.

8.4.10 Non-connected genset

The non-connected genset function stops a genset from running for too long without connecting. The function is only
active when the controller is in AUTO mode. That is, if a genset is running with its breaker open, this function stops the
genset when its timer expires.

The function may be needed in the following situations:
« The operator first starts the genset with the GENSET controller in MANUAL mode, and then switches to AUTO mode.
« There has been a precautionary genset start, but the busbar stabilised, and the started genset was not needed.

Local power management > Non-connected genset > Stop timer

ot JRange

The timer starts when both of these conditions are met:

1. The genset start sequence is finished.

2. The genset is ready to connect.

. The timer resets if any of the following happens:

Delay 10.0 s to 10 min
e The breaker close sequence starts.
* The stop sequence starts.
o There is a genset alarm.

When the timer expires, the controller stops the genset engine.
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How the non-connected genset function works

Non-connected genset running in AUTO

The timer starts ....
g Controller

AUTO

°||[e]

... the timer expires.

The power management stops the genset.
g Controller

AUTO

® ||[e]

8.4.11 Precautionary genset start

During critical operations, you may want to have a genset running and ready to connect. You can therefore configure an
input with the Precautionary genset start function.

In addition, for busbar frequency and voltage alarms, the power management system automatically starts a genset as a
precaution.

There is a maximum of one precautionary genset start per section. That is, only one genset starts when the section has
more than one activated Precautionary genset start inputs and/or multiple alarm conditions for a precautionary genset start.
The display unit for the GENSET controller shows the controller status text: Precautionary standby.

How the precautionary genset start works

When a precautionary genset start is needed, the power management system automatically starts the first available genset
in the priority order for the section. However, the power management system does not connect the genset (that is, the
generator breaker does not close). This genset acts as a running standby.

If a precautionary genset start is needed, and the power management system or an operator closes the generator breaker
of the running standby, then the power management system starts the next genset in the priority list as the running standby.

If the power management system disconnects a higher priority genset, then that genset becomes the running standby. The
lower priority genset is treated as a non-connected genset.

When the input or the alarm is deactivated, then the running standby is not needed. The genset runs until the Local power
management > Non-connected genset > Stop timer > Delay timer expires and the power management system stops the
genset. Alternatively, an operator or external signal can put the controller into MANUAL mode and stop the genset.

NOTE Precautionary genset start does not start the emergency genset.

Precautionary genset start based on an input
You can wire this input to any GENSET controller(s) in the section.
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Table 8.1 Digital input (optional)

N S

When this digital input is activated, the power management
Digital input Continuous system ensures that there is a running standby in the
section.

Power management >
Precautionary genset start

Precautionary genset start in section digital output
Table 8.2 Digital output (optional)

e S S

Power management > Precautionary . . Activated when the precautionary genset start is
. . Digital output Continuous . .
genset start in section active in the section.

Precautionary genset start based on an alarm

When a controller activates a busbar voltage or frequency alarm, the power management system automatically starts the
first available genset in the priority order. However, the power management system does not connect the genset. The
genset start is a precaution, for rapid recovery if there is blackout, or if more power is needed.

By default, all the busbar alarms for a GENSET controller include the Generator breaker open inhibit. Therefore, only the
connected gensets activate busbar alarms, and thus a precautionary genset start. Note that the power management system
starts only one genset, even though there might be multiple busbar alarms.

Voltage alarms that activate a precautionary genset start

Voltage alarms

Busbar over-voltage 1
Busbar over-voltage 2
Busbar under-voltage 1

Busbar under-voltage 2

Frequency alarms that activate a precautionary genset start

Frequency alarms

Busbar over-frequency 1
Busbar over-frequency 2
Busbar under-frequency 1

Busbar under-frequency 2

The precautionary genset start is based on the busbar voltage and frequency alarms. You cannot disable the precautionary
genset start based on an alarm. However, you can change the busbar voltage and frequency alarm parameters.

8.4.12 Number of gensets connected
These parameters determine the Maximum and Minimum number of connected gensets required for the section.

Maximum
Defines the maximum number of gensets connected for GENSET controllers in AUTO mode.
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NOTICE

Blackout due to insufficient power.
A This parameter could cause a blackout due to insufficient power. If the maximum number of gensets are already
connected, the controllers will not automatically connect additional gensets.

Power management rules > Configuration # > Number of gensets connected > Maximum

T S

Not enabled
 Notenabled « The power management system ignores this limit.

Enable
+ Enabled Enabled
o The power management system uses this limit.
In AUTO mode, the load-dependent start function will not start another genset if this would
result in more gensets running than this set point. This parameter only applies to the number
Set point 1to 64 of connected GENSET controllers in AUTO mode.
The system is limited to a maximum of 12 controllers.
Minimum

Defines the minimum number of gensets connected with their GENSET controllers in AUTO mode. Note that gensets with
GENSET controllers in MANUAL mode or in switchboard control are not included. You can use these parameters to
guarantee a minimum level of power available.

Power management rules > Configuration # > Number of gensets connected > Minimum set

[1/2]

pramete [Range s

Not enabled
« Notenabled « The power management system ignores this limit.
* Enabled Enabled

o The power management system uses this limit.

Enable

The minimum set point.

The power management system starts more gensets if fewer gensets are connected than
this set point.
Set point (Qto 32

The load-dependent stop function does not stop another genset if this would result in fewer
connected gensets than this set point. The minimum number of gensets continue to run,
even if the load is low and the load-dependent stop function otherwise would stop one or
more gensets.

8.5 Blackout
8.5.1 Blackout and blackout recovery conditions

Blackout recovery is the power management system's attempt to recover from a blackout by connecting to another power
source, or starting one or more gensets automatically, when a dead busbar is detected.

When there is at least one controller under power management control, the blackout recovery sequence always responds to
a blackout and cannot be disabled.
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Blackout conditions

A blackout is present if the following conditions are all met, at all controllers in the section *:

e The phase-to-phase voltage is less than 10 % of the nominal voltage (V|- < 10 % of Vom).
o This percentage is fixed.

o If one or more controllers in the section do not detect a blackout, the controller(s) that detected the blackout activate
the Blackout detection mismatch alarm.

« The generator breakers are open.
o That s, there are no gensets, shaft generator or shore connections connected.
* The blackout detection delay timer has run out (Busbar > AC setup > Blackout detection > Blackout delay).

NOTE * If a controller cannot communicate with the other controllers in the section, then that controller is forced to
switchboard control (and does not start blackout the blackout recovery sequence).

If one or more of the blackout conditions disappear, there is no longer a blackout.

Conditions that prevent blackout recovery

If any of the following conditions are present in the section, the power management will not start the blackout recovery
sequence:

o Adigital input is configured with the Power management > Block blackout start function, and activated.

« A breaker position is unknown.
e There is a short circuit.

o A digital input with the function Breakers > [Breaker] > Feedback > [*B] short circuit was activated.

o The parameter Power management rules # > Blackout > Short circuit close attempts * allows at most
one short circuit in the section. The controller that detected the short circuit cannot close its breaker. However, one
other controller in the section can try once to close its breaker during blackout recovery.

e There is a blocking alarm.
o The alarm action determines whether the alarm is a blocking alarm.
« All of the controllers that could be part of the blackout recovery are under switchboard control.

NOTE *#is1to8.

More information
See Switchboard control for information on events that force controllers in switchboard control.

8.5.2 Blackout recovery configuration

When a blackout is detected, all GENSET controllers or HYBRID controllers in PTO that are in MANUAL mode are changed
to AUTO mode.

Digital input (optional)

e [ £ [

Power management > Block A . Blackout recovery is prevented in any section where
Digital input Continuous .. . .
blackout start this input is activated.

Parameters for GENSET or HYBRID controllers

Local power management > Blackout

oo JRange e

1 Not enabled
Allow
- * Notenabled « The power management system does not attempt to close the inverter breaker if a
- e« Enabled blackout is detected.
Enabled
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e S

e When a blackout is detected, the inverter breaker can close automatically if the
inverter voltage and frequency are okay.

The blackout recovery sequence first tries to restore power by:
1. Closing the bus tie breaker with auto close.

Connecting inverters with allow blackout recovery.
Connecting gensets with allow blackout recovery.
Connecting shaft generator with auto close.

goa W

Connecting shore connection with auto close.

Parameters for SHAFT generator controllers

Local power management > Blackout > Blackout close

T R

Not enabled

» The power management system does not attempt to close the shaft generator
breaker if a blackout is detected.

Enabled

e When a blackout is detected, the shaft generator breaker can close automatically if

Enable SG the shaft generator voltage and frequency are okay.
+ Not enabled
blackout

close * Enabled The blackout recovery sequence first tries to restore power by:

1. Closing the bus tie breaker with auto close.
Connecting inverters with allow blackout recovery.
Connecting gensets with allow blackout recovery.
Connecting shaft generator with auto close.
Connecting shore connection with auto close.

a s w N

Parameters for SHORE connection controllers

Local power management > Blackout > Blackout close

pormeer—range s

Not enabled

o The power management system does not attempt to close the shore connection
breaker if a blackout is detected.

Enabled
* When a blackout is detected, the shore connection breaker can close automatically if
Enable SC the shore connection voltage and frequency are okay.
¢ Not enabled
blackout
ilEae * Enabled

The blackout recovery sequence first tries to restore power by:
1. Closing the bus tie breaker with auto close.

Connecting inverters with allow blackout recovery.
Connecting gensets with allow blackout recovery.
Connecting shaft generator with auto close.

Connecting shore connection with auto close.

R
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Parameters for BUS TIE breaker controllers

Local power management > Blackout close

oo Jrarge s

Not enabled

» The power management system does not attempt to close the bus tie breaker if a
blackout is detected.

Enabled

o When a blackout is detected on either busbar, the bus tie breaker can close
Feclile =mE | e automatically if the voltage and frequency are okay on one of the busbars.
blackout enabled
close e Enabled The blackout recovery sequence first tries to restore power by:

1. Closing the bus tie breaker with auto close.
Connecting inverters with allow blackout recovery.
Connecting gensets with allow blackout recovery.
Connecting shaft generator with auto close.

Connecting shore connection with auto close.

CIREE RGOS

Other parameters
Local power management > Return modes > After blackout

This parameter is only visible in GENSET controllers. The GENSET controllers may each have different settings for this
parameter.

ot Range s

This parameter selects the controller mode after the blackout.

No mode change

O D IEER EE The GENSET controller mode is the same as before the blackout.

Mod .
oce MANUAL mode  \; ANUAL mode
* AUTOmode e The GENSET controller is changed to MANUAL mode after the blackout.
AUTO mode

e The GENSET controller remains in AUTO mode after the blackout.

Power management rules > Configuration # > Blackout > Blackout recovery *

e e

The power management system attempts to start this number of gensets, according to the
priority order. The power management system connects all the gensets that start.

Number of If a genset fails to start, the power management system tries to start the next genset, until the
gensets to 1to 64 required number of gensets have started.
start

If more gensets are connected than the load requires, the load-dependent stop timer starts.
When the timer runs out, the power management system automatically stops the gensets that
are not required.

Power management rules > Configuration # > Blackout > Short circuit close attempts *

oot Rangelores————

O close attempts

Set point 0to1 « The power management system will not close any breakers to connect to a system where a short
circuit was detected.
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e e

e The tripped breaker must first be reset.
e The GB short circuit alarm must be acknowledged and the latch reset.
1close attempt:

« In exceptional circumstances, you may change this parameter to allow one breaker to attempt to
close, even though a short circuit was detected by another breaker.

o The breaker that detected the short circuit cannot close. However, one other controller in the
section can try (once) to close its breaker during the blackout recovery.

NOTE *#is1to 8.

Alarms

More information
See Blackout detection mismatch for more information about the alarm.

More information
See Action suppressed for information about suppressing alarm actions during blackout recovery.
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8.5.3 Blackout recovery flowchart
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1. After a blackout is detected, the power management checks whether blackout recovery is possible. If any conditions
that prevent blackout recovery are present, then the blackout recovery is not attempted.

2. The power management checks whether there is power on another busbar.

« If there is power on another busbar, and the bus tie breaker can be closed automatically, the controller sends the
signal to the bus tie breaker to close. This resolves the blackout.

« If there is no other busbar, or if the bus tie breaker cannot be closed automatically, or if the bus tie breaker fails to
close, the controller attempts to use genset start to resolve the blackout.

3. The power management checks whether there are any GENSET controllers under power management control, with

gensets ready to start.

a. The power management changes all GENSET controllers in MANUAL mode to AUTO mode.

b. The power management sends a start signal to the number of gensets specified, according to their position in the
genset priority order. Gensets that are not ready to start are not sent a start signal.

c. The power management sends the first genset that has running feedback and its voltage and frequency within range

an acknowledge signal. The first genset closes its breaker immediately. If the breaker does not close within the
Closing failure time, the breaker close signal is sent to the next genset to start.
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d. Any other gensets that start are synchronised to the busbar, and their breakers are closed.

e. The blackout is resolved when a genset has successfully connected to the busbar. The power management
controller switches back to normal operation. All the gensets that were sent a start signal are allowed to start and
connect to the busbar. After the load-dependent stop timer expires, the power management controller will stop the
lowest priority gensets if they are not required to power the load.

4. If the genset starts do not resolve the blackout, the power management checks whether a shaft generator with auto
close ON is present and OK to supply power.

* Yes: The power management sends a breaker close signal to the controller. If the breaker closes, the blackout is
resolved.

5. The power management checks whether a shore connection with auto close ON is present and OK to supply power.

* Yes: The power management sends a breaker close signal to the controller. If the breaker closes, the blackout is
resolved.

More information
See Shaft generator breaker blackout close flowchart for how the SHAFT generator breaker closes in a blackout.

More information
See Shore connection breaker blackout close flowchart for how the SHORE connection breaker closes in a
blackout.

8.6 Load sharing
8.6.1 How it works

When gensets operate in parallel, supplying power to the same busbar, the operation cannot be stable unless the loading on
the gensets is controlled. To efficiently control the gensets' operation, the power management must perform load sharing
for the gensets.

The voltage and frequency for paralleled gensets on the same busbar are forced to exactly the same values. As a result, the
busbar voltage and genset speed alone do not provide the information needed for load sharing calculations.

The load sharing is achieved by using the DEIF network.

Load sharing possibilities

DEIF network (DEIF Ethernet network) o ([

8.6.2 Load sharing over the DEIF network
The controllers can share the load (both active power (P) and reactive power (Q)) over the DEIF network (Ethernet network).

However, the SHAFT generator and SHORE connection controllers can only supply a base load (by adjusting the power
from the gensets).

Load sharing over the DEIF network occurs automatically when the controllers are under power management control,
provided all the necessary 1/O settings and parameters are configured. The load sharing can be equal or asymmetrical.

NOTICE

DEIF network load sharing

Only DEIF controllers can be used for load sharing over the DEIF network. No other vendors' controllers can be
used for load sharing over the DEIF network.
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8.6.3 Equal load sharing

For equal load sharing, the gensets each run at the same percentage of nominal load. This allows differently sized gensets
to share the load.

Hardware
Name Ty fpet@s
DEIF network Ethernet For load sharing (active and/or reactive power).

GOV control Various For active power load sharing.

AVR control Various Optional. For reactive power sharing.

Control type

If a controller is in switchboard control, then that controller does not control the governor or AVR. It cannot participate in
load sharing.

For controllers in power management control (in AUTO and MANUAL mode), the power management shares the load
equally between the connected equipment. The shared load may be the total system load. However, if a controller is under
switchboard control, or if the SHAFT generator controller is supplying a base load, then the shared load is the remaining
load.

Equal load sharing example

L

800 kW is required from two running gensets (nominals loads of 600 kW and 400 kW respectively).

Together, the gensets run at 800 kW / (600 kW + 400 kW) = 0.8 = 80 % of their nominal load. That is, the 600 kW
genset supplies 480 kW, and the 400 kW genset supplies 320 kW.

8.6.4 Asymmetric P load sharing

Asymmetric power (P) load sharing allows you to select certain gensets to run at their optimum efficiency. The load on the
other gensets then fluctuates to absorb variations. It can also be used in mixed systems with both gensets and hybrid
controllers.

Asymmetric P load sharing can also be configured so that, as far as possible, a particular genset supplies a base load.

Asymmetric P load sharing can also be configured so that, if the asymmetric load sharing limit is exceeded, this can switch
to either equal load sharing (default) or to adjust the set point.

Asymmetric P load sharing is done by power management over the DEIF network.

Hardware
The following hardware is required for asymmetric P load sharing.

DEIF network The DEIF network is used for asymmetric P load sharing.
GOV control The controller must control the genset governor for active power load sharing.
Control types

For controllers in power management control, if enabled, the power management uses asymmetric P load sharing to share
the load between the connected assets. The shared load may be the total system load. However, if a connected controller is
in switchboard control, or if the SHAFT generator controller is supplying a base load, then the shared load is the remaining
load.
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If a controller is in switchboard control, then that controller does not control its load, and therefore it cannot participate in

load sharing.

Analogue and digital inputs (optional)

T [ i

Local power
management >
Asymmetric load
sharing > P set point
[%]

Power management >

Activate asymmetric P Digital input Pulse

load sharing

Power management >

Deactivate asymmetric Digital input Pulse

P load sharing

Parameters

Analogue
input Enabled and Source is External, then the controller uses this

When this input is configured, and Local power management

% of genset , , . . :
reeEl > Asymmetric load sharing > P configuration IS

power . . . .
analogue input as the set point for asymmetric P load sharing.

When this input is activated, the controller changes the
parameter value under Local power management >
Asymmetric load sharing > P configuration > Enable

to Enabled.

When this input is activated, the controller changes the
parameter value under Local power management >
Asymmetric load sharing > P configuration > Enable

to Not enabled.

These parameters only apply to the selected GENSET or HYBRID controller. Other GENSET or HYBRID controllers can have

different parameters.

Local power management > Asymmetric load sharing > P configuration

oot Jorge e

o Enabled
Enable

« Not enabled

o Parameter

o External
Source e External > Off

e External >

Parameter
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Not enabled
e The GENSET controller shares the load equally with the other GENSET controllers.

o If other GENSET controllers have asymmetric P load sharing enabled, then the
GENSET controller without asymmetric P load sharing shares the load equally with
the other gensets without asymmetric P load sharing.

Enabled
o Asymmetric P load sharing is active for the GENSET or HYBRID controller.

e The power management runs the genset(s) with asymmetric P load sharing enabled
at their set points while the remaining genset(s) supply a load that is between the
asymmetric P load sharing Minimum and Maximum.

« If more than one genset has asymmetric P load sharing enabled, then the genset with
the highest priority also has the highest asymmetric P load sharing priority.

The controller only uses these parameters when asymmetric P load sharing is enabled.

Parameter

» The controller uses the Set point parameter as the set point for asymmetric P load
sharing.

External

* The controller uses the analogue input with Local power management >
Asymmetric load sharing > P set point [%] as the set point for asymmetric P
load sharing.

External > Off

« This is used if the asymmetric P load sharing set point from an analogue input fails.
That is, when the input for Local power management > Asymmetric load
sharing > P set point [%] is outside the configured scale. If the external set
point fails, then the controller turns off asymmetric P load sharing.

External - Parameter
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et Range s

e o Thisis used if the asymmetric P load sharing set point from an analogue input
fails. That is, when the input for Local power management > Asymmetric
load sharing > P set point [%] is outside the configured scale. If the
external set point fails, then the controller ignores the analogue input and uses the
Set point parameter as the set point for asymmetric P load sharing.

The asymmetric P load sharing set point for the genset. Whenever possible, the power
management system adjusts the load of lower priority gensets, and gensets without
asymmetric P load sharing enabled, so that the gensets with asymmetric P load sharing
enabled can run at their set point.

110 100 % of
Set point nominal active
power

These parameters apply to all the GENSET or HYBRID controllers in the section.

Power management rules > Configuration # > Asymmetric load sharing > P configuration

e S

This minimum reduces frequency control problems for gensets running at a low
percentage of their nominal load. This minimum also reduces the risk of reverse

power.
1to 100 % of
Minimum nominal active - P
power If the load percentage for any genset is less than this minimum, the power
management either system stops or adjusts the asymmetric P load sharing. The
parameter Limit exceeded (see below) is used to determine if equal P load sharing
is used or to adjust the set point.
Minimum To switch to equal load sharing, the load percentage must be less than the
Osto1lh L - .
delay minimum for this period.

This maximum reduces the risk of genset overloading.

1to 100 % of . . .
If the load percentage for any genset is more than this maximum, the power

Maximum nominal active ) . . ;
power management either system stops or adjusts asymmetric P load sharing. The

parameter Limit exceeded (see below) is used to determine if equal P load sharing
is used or to adjust the set point.

Maximum 0stolh To switch to equal load sharing, the load percentage must be more than the

delay maximum for this period.

Limit Switch to equal This parameter controls how the load sharing is handled if either minimum or

exceeded Adjust set point maximum are exceeded.

Power management rules > Configuration # > Asymmetric load sharing > Start when an
asymmetric set point is exceeded *

e

* Enabled If enabled then the power management system starts the genset or inverter if the asymmetric
e Not enabled load sharing set point is exceeded.

Enable

To start the genset or inverter, the asymmetric load sharing set point must be exceeded for

Del
e Ostoilh this period.

NOTE * The load dependent stop is not blocked by this option. The limits should be considered to prevent unintended
load dependent stop.

Base load

For a selected genset to supply a P base load, asymmetric P load sharing must be enabled in its GENSET controller. If
asymmetric P load sharing is enabled in more than one controller, then the P base load genset must always have the
highest priority in the section. To ensure a constant P base load and prevent equal P load sharing, the Minimum load
parameter must not be too high.
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How it works

When asymmetric P load sharing is enabled for gensets, then, whenever possible, these gensets run at their asymmetric P
load sharing set points. If it is not possible for all the gensets with asymmetric P load sharing enabled to run at their set
points, then only the highest priority genset(s) run at their set points. The lowest priority connected genset(s) supply the
remaining, fluctuating load.

Asymmetric P load sharing is only possible when the remaining load on the low priority genset is between the minimum and
maximum load percentage. If this is not possible, the parameter Limit exceeded is used to either change to equal P load
sharing for ALL the gensets or to adjust the set point accordingly. All gensets not configured for base load will be kept at
the minimum or maximum and the gensets running with base load will get their set point adjusted starting with the lowest
priority.

Load-dependent start and stop

The load-dependent starts and stops are based on either active power (P, in kW) or apparent power (S, in kVA). The load-
dependent start and stop parameters are independent of the asymmetric P load sharing parameters.

The load-dependent start and stop parameters determine how many gensets are connected. The asymmetric P load
sharing parameters determine the load distribution among the connected gensets.

Active power and reactive power load sharing

Asymmetric P load sharing only applies to active power (P). The controllers can share the reactive power (Q) using either
asymmetric Q load sharing, or equal Q load sharing.

If asymmetric P load sharing is enabled, but equal Q load sharing is enabled, then the generators each supply the same
proportion of the reactive power (Q). When one genset has a small asymmetric P load, there can be a big difference
between the power factors of the generators that supply the highest and lowest active power.

o Power factor example for asymmetric P load sharing with equal Q load sharing

\ A

Three 100 kW gensets use asymmetric P load sharing to supply 165 kW. Genset A and Genset B each supply at 80
kW, while Genset C supplies at 5 kW.

If the total system reactive power is 30 kvar, then, with equal Q load sharing, each genset supplies 10 kvar.

The power factor for Genset A and Genset B is around 0.99, while the power factor for Genset C is 0.45.

If you enabled asymmetric P load sharing, you can make sure that the power factor is the same for each genset by enabling
Asymmetric Q load sharing with the same set points.

More information
See Asymmetric Q load sharing for how to configure these settings.
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8.6.5 Asymmetric P load sharing - Example 1

In this example, three GENSET controllers are configured so that when the asymmetric limits are exceeded, the load sharing
is changed to equal load sharing.

The following example is based on this configuration:

NOTE

Gensets A, B and C: Nominal load = 100 kW
All the gensets are in the same section
Asymmetric P load sharing

o Enabled for all gensets

o Set point = 80 % for all three gensets
o Minimum = 30 % for the section *

o Maximum = 95 % for the section

o Limit exceeded = Switch to equal
Genset A has the highest priority
Genset C has the lowest priority
Load-dependent start = 90 %
Load-dependent stop = 70 %

is higher than the default (5 %).

Loadd  Asymmetric load-sharing ALoad
% %
[‘gs e I Equal Load-dependent [%]

Start 90
80 Set point
Stop
Asymmetric 70
30 Minimum 3
Equal
0 Y 0

T T - TT T T 11 TT i I —
( ) e ) e )
Genset A Genset B Genset C
Priority 1 Priority 2 Priority 3

* To make the effect of asymmetric P load sharing clearer in this example, the asymmetric P load sharing Minimum

The sequences in the examples show how the load sharing occurs over time. Each sequence follows on from each other.
There are three load increases shown and in the last sequence how reduction of load is handled.
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Sequence 10of 4 : Load increase 1

5 5 S

C C C

Genset A Genset B Genset C
Priority 1 Priority 2 Priority 3
Parameters

s1 = Load-dependent start
s2 = Asymmetric P load sharing Minimum

Points on graph

1. Genset A runs with load. The load increases but does not pass the
load-dependent start set point. Asymmetric P load sharing is
irrelevant, since there are no gensets to load share with.

2. Genset A reaches the load-dependent start set point. The controller
starts Genset B.
3. Genset B is connected and starts taking load.

4. Genset A and Genset B share the load equally. Asymmetric P load
sharing is not used because it would require Genset B to run under
the asymmetric P load sharing minimum (set at 30 % in this
example).
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Sequence 2 of 4 : Load increase 2

S 5 S Load?t
fle] [Ee] [ED]]s] kW]

C C C

Genset A Genset B Genset C 150
Priority 1 Priority 2 Priority 3
Parameters 130
s1 = Asymmetric P load sharing Set point
Points on graph 110
1. Genset A and Genset B share the load equally. Asymmetric P load
sharing would required Genset B to run below the minimum. 90

2. The load increases.

v

3. The load on Genset B will be more than the minimum if Genset A uses p,er
asymmetric P load sharing. The power management system therefore [%] a

increases the load on Genset A until it reaches its asymmetric P load 100
sharing set point.
4. The load continues to increase. The power management system 80 s1 e /
keeps Genset A at its asymmetric P load sharing set point, and
adjusts the load on Genset B. P (4]
" 0 N\e
40
20
0 Time
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Sequence 3 of 4 : Load increase 3

S S S
(e IOfE) OfE)
C ) C ) C J
Genset A Genset B Genset C
Priority 1 Priority 2 Priority 3

Parameters

s1 = Asymmetric P load sharing Maximum
s2 = Load-dependent start
s3= Asymmetric P load sharing Set point

Points on graph

1. Genset A runs at its asymmetric P load sharing set point, and the load
on Genset B is adjusted.

2. Genset B reaches the asymmetric P load sharing maximum. The
power management system shares the load equally between Genset
A and Genset B.

3. The load increases. The load on the gensets exceeds the load-
dependent start, and the power management system starts Genset C.

4. Genset C is connected and starts taking load. Genset A and Genset B
can run at their asymmetric P load sharing set point, while the load on
Genset C is adjusted.
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Sequence 4 of 4 : Load decrease

S —. S S Load“
fle] [Ee] [ED]]s] kW]

C C C

Genset A Genset B Genset C 190
Priority 1 Priority 2 Priority 3
Parameters 170
s1 = Asymmetric P load sharing Set point
s2 = Load-dependent stop
s3 = Asymmetric P load sharing Minimum 150
Points on graph 130
1. The load decreases. %
2. Genset C reaches the asymmetric P load sharing minimum. p >
ower
3. The power management system shares the load equally between [%
0] A
Genset A, Genset B and Genset C. 100

4. The load decreases, and so the power management system stops
Genset C. Genset A runs at its asymmetric P load sharing set point
and the load on Genset B is adjusted. 80

60
40

20
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8.6.6 Asymmetric P load sharing - Example 2

In this example, three GENSET controllers are configured so that when the asymmetric limits are exceeded, the load sharing
set point is adjusted.

The following example is based on this configuration:

NOTE

Gensets A, B and C: Nominal load = 100 kW
All the gensets are in the same section
Asymmetric P load sharing

o Enabled for all gensets

o Set point = 80 % for all three gensets
o Minimum = 30 % for the section *

o Maximum = 95 % for the section

o Limit exceeded = Adjust set point
Genset A has the highest priority
Genset C has the lowest priority
Load-dependent start = 90 %
Load-dependent stop = 70 %

is higher than the default (5 %).

Loadd  Asymmetric load-sharing ALoad
% %
[‘gs e I Equal Load-dependent [%]

Start 90
80 Set point
Stop
Asymmetric 70
30 Minimum 3
Equal
0 Y 0

T T - TT T T 11 TT i I —
( ) e ) e )
Genset A Genset B Genset C
Priority 1 Priority 2 Priority 3

* To make the effect of asymmetric P load sharing clearer in this example, the asymmetric P load sharing Minimum

The sequences in the examples show how the load sharing occurs over time. Each sequence follows on from each other.
There are three load increases shown and in the last sequence how reduction of load is handled.
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Sequence 10of 4 : Load increase 1

5 5 S

C C C

Genset A Genset B Genset C
Priority 1 Priority 2 Priority 3
Parameters

s1 = Load-dependent start
s2 = Asymmetric P load sharing Minimum

Points on graph

1. Genset A runs with load. The load increases but does not pass the
load-dependent start set point. Asymmetric P load sharing is
irrelevant, since there are no gensets to load share with.

2. Genset A reaches the load-dependent start set point. The controller
starts Genset B.

3. Genset A drops 30 % and Genset B increases to the asymmetric P
load sharing minimum (set at 30 % in this example).
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Sequence 2 of 4 : Load increase 2

S J— o Load
fle] |[2e] [T]¢&] kW]

C C C

Genset A Genset B Genset C 150
Priority 1 Priority 2 Priority 3
Parameters
130

s1 = Asymmetric P load sharing Set point

s2 = Asymmetric P load sharing Minimum
110

Points on graph
1. Genset A and Genset B share the load. 90
2. The load rises. Genset A takes the increases load.

3. The load on Genset A has reached the asymmetric P load sharing set  pg ar L
point. The power management system therefore increases the load [%] a
on Genset B. 100

4. The load continues to increase. The power management system
keeps Genset A at its asymmetric P load sharing set point, and s1 0 /-
increases the load on Genset B. 80—

60| @
40 (5]
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Sequence 3 of 4 : Load increase 3

5 5 S

C C C

Genset A Genset B Genset C
Priority 1 Priority 2 Priority 3
Parameters

s1 = Asymmetric P load sharing Maximum
s2 = Load-dependent start

s3 = Asymmetric P load sharing Set point
s4 = Asymmetric P load sharing Minimum

Points on graph

1. Genset A runs at its asymmetric P load sharing set point, and
the load increases on Genset B.

2. Genset B reaches the asymmetric P load sharing maximum.
The load increases on Genset A.

3. The load increases. The load on the gensets A and B reach
the load-dependent start, and the power management
system starts Genset C.

4. Genset C is connected and starts taking load. Genset A and
Genset B can run at their asymmetric P load sharing set
point, while the load on Genset C is adjusted.
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Sequence 4 of 4 : Load decrease

5__ > S

C

C C

Genset A Genset B Genset C
Priority 1 Priority 2 Priority 3
Parameters

s1 = Asymmetric P load sharing Set point
s2 = Load-dependent stop
s3 = Asymmetric P load sharing Minimum

Points on graph

1.
2.
3.

The load decreases.
Genset C reaches the asymmetric P load sharing minimum.

Genset A remains at asymmetric set point, Genset B decreases load
and Genset C.

The load decreases, the power management system performs a load
dependant stop of Genset C. Genset A runs at its asymmetric P load
sharing set point and the load on Genset B is adjusted.
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8.6.7 Asymmetric P load sharing - Example 3

In this example, three GENSET controllers are configured so that when the asymmetric limits are exceeded, the load sharing
set point is adjusted.

In this example, one HYBRID controller with two GENSET controllers are configured so that when the asymmetric limits are
exceeded, the load sharing set point is adjusted. The HYBRID controller is also configured to keep both a constant

discharge at 60 % from PTO mode, and to automatically start gensets if necessary.

The following example is based on this configuration: Load 4 Asymmetric load sharing A Load
¢ Hybrid, Gensets A, B : Nominal load = 100 kW [%] 05 Maximum I Equal [%]
« Hybrid is configured to give a constant discharge at 60 “| GensetA&B Start 920
% 80 Set point
e All are in the same section Hybrid ' Stop 20
» Asymmetric P load sharing 60 Set point Asymmetric
o Enabled for all
o Set point = 60 % for hybrid with constant
discharge Minimum
o Set point = 80 % for gensets A and B 30 ¥
o Minimum = 30 % for the section * Equal
o Maximum = 95 % for the section 0 , 0
o Limit exceeded = Adjust set point
o Start when an asymmetric set point is exceeded = — 3 —
Enabled & S [ 1]] &G
« Hybrid has the highest priority 0 c—————
« Genset B has the lowest priority Hybrid Genset A Genset B
« Hybrid is in PTO mode Priority 1 Priority 2 Priority 3

NOTE

Load-dependent start = 90 %
Load-dependent stop = 70 %

is higher than the default (5 %).

* To make the effect of asymmetric P load sharing clearer in this example, the asymmetric P load sharing Minimum

The sequences in the examples show how the load sharing occurs over time. Each sequence follows on from each other.
There are three load increases shown and in the last sequence how reduction of load is handled.
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Sequence 10of 4 : Load increase 1

—S._ 5
Ofs] (e

C ) C )

Hybrid Genset A Genset B
Priority 1 Priority 2 Priority 3
Parameters

s1 = Load-dependent start
s2 = Hybrid load sharing set point (60 %)
s3 = Asymmetric P load sharing Minimum (30 %)

Points on graph

1. Hybrid runs with load. The load increases, reaching the Hybrid
asymmetric load set point (60%) and Genset A starts to take the
remaining load.

2. Genset A continutes at the asymmetric load share minimum (30%).

3. The load increases, Hybrid continues same discharge at the set
point (60%), Genset A takes the rest.

Sequence 2 of 4 : Load increase 2

—5‘ — —'5 —
v DE) ([ DIE)
C ) C J
Hybrid Genset A Genset B
Priority 1 Priority 2 Priority 3
Parameters

s1 = Load-dependent start
s2 = Hybrid load sharing set point (60 %)
s2 = Asymmetric P load sharing Minimum (30 %)

Points on graph

1. Hybrid continues discharge at 60%.

2. The load increases, Genset A takes more load.
3. The load increases, Genset A takes more load.
4

. Genset A reaches maximum 95%, Hybrid takes initial extra load. As
the Start when an asymmetric set point is exceeded is enabled,
Genset B starts and takes over the load increase. Genset A returns
back to set point 80%, Hybrid returns back to set point 60%,
Genset B continues at 30 % minimum.
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Sequence 3 of 4 : Load increase 3

& 5 - 5 - 2154
oiE O
C I — ) C I = ] 205
Hybrid Genset A Genset B
Priority 1 Priority 2 Priority 3 195
Parameters
s1= Asymmetric P load sharing Maximum Load 1g5
s2 = Load-dependent start [kw]
s3= Asymmetric P load sharing Set point 175
Points on graph 165
1. The load increases, Genset A reaches 80% set point and Genset B $ >
takes the remaining load. 0 Time
2. The load increases, Genset B takes more load. 4
100 s1
80
s2 0
Power 60
[%] (2]
40 s8 _—4m
20
0 Time
Sequence 4 of 4 : Load decrease
=) = 4
—3 — —3 —
| OlE gfl=)
Hybrid Genset A Genset B 190
Priority 1 Priority 2 Priority 3
Parameters . . ' Load 170
s1 = Asymmetric P load sharing Set point kW]
s2 = Load-dependent stop 15
s3 = Asymmetric P load sharing Minimum 0
. 130
Points on graph $
1. The load decreases, Genset B reduces load. 0 = >
ime
2. The load decreases, Genset A and B reduce load. Genset A )
reduces to preserve the minimum limit on Genset B.
3. The load decreases, Genset B stops and Genset A takes the 100 st
remaining load.
80 {}_
Power 60 £2
[%] o e
40 e
1S3 N
20
0 >
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8.6.8 Asymmetric Q load sharing

Asymmetric reactive power (Q) load sharing allows you to select certain gensets to run at their optimum reactive power
load efficiency. The reactive power load on the other gensets then fluctuates to absorb variations.

You can configure Asymmetric Q load sharing so that:
« Asfar as possible, a particular genset supplies a base reactive power load.

« If the asymmetric load sharing limit is exceeded, this can switch to either equal load sharing (default) or to adjust the set
point.

¢ Asymmetric Q load sharing is done by the Power Management System (PMS) over the DEIF Ethernet network.

Hardware
The following hardware is required for asymmetric Q load sharing.

DEIF network The DEIF Ethernet network is used for asymmetric Q load sharing.
AVR control The controller must control the genset AVR for reactive power load sharing.
Control types

For controllers in PMS control, if enabled, the PMS uses asymmetric Q load sharing to share the load between the
connected equipment. The shared reactive load may be the total system reactive power load. However, if a connected
controller is in switchboard control, then the shared reactive power load is the remaining reactive power load.

If a controller is in switchboard control, then that controller does not control its reactive load, and therefore it cannot
participate in reactive power load sharing.

Analogue and digital inputs (optional)

T S S

Local power .. . .
P % of genset When this input is configured, and L.ocal power management
management >

) Analogue nominal > Asymmetric load sharing > Q configuration is
Asymmetric load X ¢ fi ) .
sharing > Q set point 'MPY reactive Enabled a.nd Source is Extemal, then the cothroIIer uses th}S
(2] power analogue input as the set point for asymmetric Q load sharing.

When this input is activated, the controller changes the
parameter value under Local power management >
Asymmetric load sharing > Q configuration >
Enable to Enabled.

Power management >

Activate asymmetric Q Digital input  Pulse
load sharing

When this input is activated, the controller changes the
parameter value under Local power management >

Asymmetric load sharing > Q configuration >
Enable to Not enabled.

Power management >
Deactivate asymmetric Digital input Pulse
Q load sharing

Parameters
Local power management > Asymmetric load sharing > Q configuration

These parameters only apply to the selected GENSET controller. Other GENSET controllers can have different parameters.

et Range ———oes

« Enabled Not enabled

Enable « Not enabled e« The GENSET controller shares the load equally with the other GENSET controllers. If
other GENSET controllers have asymmetric Q load sharing enabled, then the GENSET
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e S

o Parameter

e External
Source e External - Off
e External »
Parameter

1to0 100 % of
Set point nominal reactive
power

controller without asymmetric Q load sharing shares the load equally with the other
gensets without asymmetric Q load sharing.

Enabled
» Asymmetric Q load sharing is active for the GENSET controller.

o The power management system runs the genset(s) with asymmetric Q load sharing
enabled at their set points while the remaining genset(s) supply a load that is
between the asymmetric Q load sharing Minimum and Maximum.

« If more than one genset has asymmetric Q load sharing enabled, then the genset with
the highest priority also has the highest asymmetric Q load sharing priority.

The controller only uses these parameters when asymmetric Q load sharing is enabled.

Parameter

e The controller uses the Set point parameter as the set point for asymmetric Q load
sharing.

External

e The controller uses the analogue input with L.ocal power management >
Asymmetric load sharing > Q set point [%] as the set point for asymmetric
Q load sharing.

External -> Off

o This is used if the asymmetric Q load sharing set point from an analogue input fails.
That is, when the input for Local power management > Asymmetric load
sharing > Q set point [%] is outside the configured scale.

o If the external set point fails, then the controller turns off asymmetric Q load sharing.

External - Parameter

e This is used if the asymmetric Q load sharing set point from an analogue input fails.
That is, when the input for Local power management > Asymmetric load
sharing > Q set point [%] is outside the configured scale.

» If the external set point fails, then the controller ignores the analogue input and uses
the Set point parameter as the set point for asymmetric Q load sharing.

The asymmetric Q load sharing set point for the genset. Whenever possible, the power
management system adjusts the load of lower priority gensets, and gensets without
asymmetric Q load sharing enabled, so that the gensets with asymmetric Q load sharing
enabled can run at their set point.

Power management rules > Configuration # > Asymmetric load sharing > Q configuration

These parameters apply to all the GENSET controllers in the section.

e

Minimum )

reactive power
Minimum 0 1h
delay sl
Maximum

reactive power
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This minimum reduces frequency control problems for gensets running at a low
percentage of their nominal load. This minimum also reduces the risk of reverse
power.

1to 100 % of nominal

If the load percentage for any genset is less than this minimum, the power
management either system stops or adjusts asymmetric Q load sharing. The
parameter Limit exceeded (see below) is used to determine if equal Q load sharing
is used or to adjust the set point.

To stop asymmetric Q load sharing, the load percentage must be less than the
minimum for this period.

1t0 100 % of nominal This maximum reduces the risk of genset overloading.
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oot range s

If the load percentage for any genset is more than this maximum, the power
management either system stops or adjusts asymmetric Q load sharing. The
parameter Limit exceeded (see below) is used to determine if equal Q load sharing
is used or to adjust the set point.

Maximum 0sto1h To stop asymmetric Q load sharing, the load percentage must be more than the
delay maximum for this period.

Limit Switch to equal This parameter controls how the load sharing is handled if either minimum or
exceeded Adjust set point maximum are exceeded.

Power management rules > Configuration # > Asymmetric load sharing > Start when an
asymmetric set point is exceeded

e

Enabled
o Enabled
Enable .« Notenabled * The power management system starts the genset or inverter if the asymmetric load
sharing set point is exceeded.

To start the genset or inverter, the asymmetric load sharing set point must be exceeded for
this period.

Delay Osto1lh
How it works

When asymmetric Q load sharing is enabled for gensets, then, whenever possible, these gensets run at their asymmetric Q
load sharing set points constantly. If it is not possible for all the gensets with asymmetric Q load sharing enabled to run at
their set points, then only the highest priority genset(s) run at their set points constantly. The lowest priority connected
genset(s) supply the remaining, fluctuating load.

Asymmetric Q load sharing is only possible when the remaining load on the low priority genset is between the minimum and
maximum load percentage. If this is not possible, the parameter Limit exceeded is used to either change to equal Q load
sharing for ALL the gensets or to adjust the set point accordingly.

Load-dependent start and stop

The load-dependent starts and stops are based on either power (P, in kW) or apparent power (S, in kVA). The load-
dependent start and stop parameters are independent of the asymmetric Q load sharing parameters.

The load-dependent start and stop parameters determine how many gensets are connected. The asymmetric Q load
sharing parameters determine the reactive power load distribution among the connected gensets.

Nominal reactive power

The asymmetric Q load sharing is based on the nominal reactive power. The nominal reactive power is calculated from the
nominal apparent power, the nominal power and/or the nominal power factor.

More information
See Nominal power calculations in AC configuration for these settings.

Active power and reactive power load sharing

Asymmetric Q load sharing only applies to reactive power (Q). The controllers can share the active power (P) using either
asymmetric P load sharing, or equal P load sharing.

If asymmetric Q load sharing is enabled, but equal P load sharing is enabled, there can then be a difference between the
power factors of the generators that supply the highest and lowest reactive power.

o Power factor example for asymmetric Q load sharing with equal P load sharing

) X

Three 100 kW gensets use equal P load sharing to supply 180 kW. Each genset supplies 60 kW.
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The total system reactive power is 30 kvar. The asymmetric Q load sharing allocates 24 kvar to Genset A, while
Genset B and C share the remaining reactive power load equally, with each genset supplying 3 kvar. The power
factor for Genset A is around 0.93, while the power factor for Genset B and Genset C is around 1.00.

If you enable asymmetric Q load sharing, you can ensure that the power factor is the same for each genset by enabling
asymmetric P load sharing with the same set points.

Example of asymmetric Q load sharing

For an example of asymmetric Q load sharing, replace kW with kvar in the asymmetric P load sharing example.
More information
See Asymmetric P load sharing example for the example.

NOTE The load-dependent starts and stops (which are based on the power or apparent power load) do not necessarily
correspond to the reactive power (Q) load.

8.6.9 SHAFT generator base load
A SHAFT generator controller can only be assigned a base load.

The power management system distributes the load to keep the shaft generator at the base load set point. The GENSET
controllers share the rest of the load. You can optionally configure the shaft to be the only generator online, if the actual
load is below the set point.

Parameters
These parameters are only in a SHAFT generator controller.

Local power management > Shaft generator base load > Enable

parmaer Range——Lpsteut Noes
Off:

e The shaft generator cannot run in long-term parallel with the gensets.

Active:
o Off o Base load is active for the SHAFT generator controller.
Base load ° Active off o The GENSET-SHAFT parallel timer protection is not enabled.
o Active with
priority Active with priority:

o Base load is active for the SHAFT generator controller.
o The GENSET-SHAFT parallel timer protection is not enabled.

« If the SHAFT generator controller is priority 1, and the base load is below the
set point, only the shaft generator continues to operate.

Local power management > Shaft generator base load > Power set point

oot JRarge st oes

The set point for the base load, as a percentage of the shaft generator's nominal power.

If the system load is lower than this set point:

Set point 1/Oto 120 90 % e« Base load setting Active:
o The power management system deloads the gensets to the Minimum limit so that

the shaft generator can run as close to this set point as possible.
o Base load setting Active with priority:
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ot Range oot s

o The power management system deloads the gensets with priority order. If the
shaft generator is priroity 1, it takes all the system load.

If the system load is higher than this set point:

« The power management system transfers the load to the gensets so that the shaft
generator runs at the Set point.

If the gensets are running at the Maximum limit, the power management system
increases the load on the shaft generator.

Local power management > Shaft generator base load > Min. set point

e e e

The minimum limit for the load on each genset (while using base load), as a

Minimum limit 1t0100 % 5 % .
percentage of the genset nominal power.

Local power management > Shaft generator base load > Max. set point

e e

The maximum limit for the load on each genset (while using base load), as a
Maximum limit 1t0120 % 95 %  percentage of genset nominal power. This maximum limit prevents genset
overload.

NOTICE

Long-term parallel configuration

The only way to run the shaft generator in long-term parallel with gensets is by enabling and configuring a base
load for the shaft generator.

Example

The following graph shows the relationship between the total load, and the load supplied by a shaft generator and a genset.
In the example, the shaft generator has a nominal power of 1000 kW, and the genset has a nominal power of 500 kW. Base
load is enabled, and the default settings are used.

Points on the graph

1. Total load: 0 to 925 kW: The Minimum setting is used. The genset supplies 25 kW, and the shaft generator supplies the
remainder.

2. Total load: 925 to 1375 kW: The base load Set point is used. The shaft generator runs at 90 % of its nominal power (900
kW), and the genset supplies the remainder.

3. Total load: 1375 to 1500 kW: The Maximum setting is used. The generators share the load.
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8.6.10 SHORE connection base load
A SHORE connection controller can only be assigned a base load.

The power management system distributes the load to keep the shore connection at the base load set point. The GENSET
controllers share the rest of the load.

Parameters
These parameters are only visible in a SHORE connection controller.

Local power management > Shore connection base load > Enable

e S

Not enabled
* The shore connection cannot run in long-term parallel with the
gensets.
Enable SC base « Not enabled
Not enabled
load o Enabled
Enabled

e Base load is active for the SHORE connection controller. The
GENSET-SHORE parallel timer protection is disabled.

Local power management > Shore connection base load > Power set point

The set point for the base load, as a percentage of the shore connection's nominal
power.

If the system load is lower than this set point, the power management system de-loads
. 10 to 120 the gensets to the Minimum limit so that the shore connection can run as close to this
Set point 90 % X )
% set point as possible.

If the system load is higher than this set point, the power management system transfers
the load to the gensets so that the shore connection runs at the Set point.
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If the gensets are running at the Maximum limit, the power management system
increases the load on the shore connection.

Local power management > Shore connection base load > Min. set point

e e

The minimum limit for the load on each genset (while using base load), as a

Minimum limit 1t0100 % 5 % .
percentage of the genset nominal power.

Local power management > Shore connection base load > Max. set point

e e

The maximum limit for the load on each genset (while using base load), as a
Maximum limit 1t0120 % 95 %  percentage of genset nominal power. This maximum limit prevents genset
overload.

NOTICE

Long-term parallel configuration

The only way to run the shore connection in long-term parallel with gensets is by enabling and configuring a
base load for the shore connection.

8.6.11 DEIF network load sharing failure

The P load sharing failure and Q load sharing failure alarms alert the operator to the failure of the DEIF network load
sharing. Other alarms are also activated if communication is lost in the DEIF network.

More information
See Regulation alarms for the load sharing failure alarms.

8.7 Load reduction
8.71 Load reduction function

Use the Load reduction function to reduce the total load on the system. It can be activated when there is low available
power. Like the NEL function, load reduction helps to prevent the system from overloading and keeps the system healthy.

This function requires a load that is capable of reducing its power consumption from the system.

Configure the function to activate based on 1 or more set points:
e Low power available [kW]

» Low power available [%]

« Under-frequency

Example load reduction function sequence

These examples use the set point for Low power available [kW]. The Period time and Pulse time are configured as either
Continuous or Pulse.
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If the Available power [kW] is below the set point the delay timer starts. If the Available power [kW] continues below the
set point after the delay timer expires, the output is activated.

With continuous signal With pulse signal
Value Value
A A
Available power [kW] Available power [kW]
Set point Set point
—» Delay <+— —> Delay €+—
Digital output signal Digital output signal
(continuous) > (pulse) >
Time Time

Digital output
Wire the digital output to the receiving load's hardware input.

Funcion o Trype Joems

The controller activates the output if any of the load reduction
conditions are met, and the delay timer expires.

Load reduction > o Continuous . .

Load reduction Dl?tai or Thedggtput stays e;ctlvate as long as at least one of the load reduction
outpu conditions are met.

output # * = Pulse

The digital output signal can be configured as either a continuous or a
pulse signal.

NOTE *#is1or2.
Parameters

These parameters are only visible when the digital output is configured. Configure the Period time and Pulse time with the
same value for a Continuous signal.

Load reduction > Reduction output # > Settings *

T S e S S

Select the mode where the load reduction function
can be active.

Power available AUTO mode, AUTO or AUTO or Manual

method Manual mode, Connected  mode . .
Connected includes all power providers (AUTO,
Manual and Switchboard control).

Period time 0.04 to 3600.00 s 2.00s The period of time for each output operation.

N P, 0.04 t0 3600.00 s 1.00 s The length of each pulse for each output operation.

NOTE *#is1or2.

Load reduction > Reduction output # > Low power available [kW] *

oot Range———Jpotaut e

When enabled, compares the Available power [kW] with the configured

MG, Not enabled limit set point.

Enabled

Enable
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T N S

If the Available power [kW] is less than the set point, the controller
activates the digital output after the delay timer expires.

The low power set point in kW.
Limit -1.5GWto1.5GW 100 kW
If there is less power available than the set point, the delay timer starts.

The delay time for the limit set point.

el 0.00 t0 3600.00s 000 s When this delay timer expires, the digital output is activated.

This timer can be used to make the system more stable if consumption is

close to the limit.

NOTE *#is1or2.

Load reduction > Reduction output # > Low power available [%] *

ot Range———Jpotaut e

When enabled, compares the Available power [%] with the configured limit

set point.
Enable Elr?;belzzlbled' Not enabled
If the Available power [%] is less than the set point, the controller activates
the digital output after the delay timer expires.
The low power set point in %.
Limit -50.0 to 100.0 % 0.0 %

If there is less power available than the set point, the delay timer starts.

The delay time for the limit set point.

Dalley 0.00 to 3600.00s 000 s When this delay timer expires, the digital output is activated.

This timer can be used to make the system more stable if consumption is
close to the limit.

NOTE *#is1or2.

Load reduction > Reduction output # > Under-frequency *

T S

When enabled, compares the power frequency [%] with the configured limit
set point.

Not enabled
If the power frequency [%] is less than the set point, the controller activates
the digital output after the delay timer expires.

Not enabled,
Enabled

Enable

The Under-frequency set point in %.
Limit 80.0 t0 100.0 % 98.0 %
If power frequency is less than the set point, the delay timer starts.

The delay time for the limit set point.
Delay 0.00 t0 3600.00 s 0.00 s When this delay timer expires, the digital output is activated.

This timer can be used to make the system more stable if consumption is
close to the limit.

NOTE *#is1or2.
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NOTICE

No effect on other similar functions

The load reduction function has no effect on the Fast load-reduction function or to the heavy consumer
reservation.

8.8 Heavy consumer management
8.81 How it works

The heavy consumer function ensures that enough power is available when the heavy consumers need it. In addition, heavy
consumer management minimises the disruption to the rest of the system when the heavy consumers connect. Each
controller can manage up to six heavy consumers. The controller manages the heavy consumer function across the DEIF
network Ethernet.

A heavy consumer can be assigned to any controller.

For the heavy consumer function, the power from connected gensets in Manual mode is included in the available power.
However, for load-dependent start, this power is not included in the PMS available power. The power management system
may therefore start additional gensets after the heavy consumer connects.

The heavy consumers must be assigned to the controller on the single-line diagram in order for the heavy consumer
functions to be visible under the controller inputs and outputs.

The heavy consumer functions may be assigned to any inputs and outputs on the controller. The inputs and outputs do not
have to be on the same hardware module.

8.8.2 Configure heavy consumers

Heavy consumer application configuration options

System ID The unique heavy consumer number in the system. Range = 1to 64.

Fixed

o The heavy consumer provides load feedback to a controller digital input.
Feedback type X

Variable

e The heavy consumer provides load feedback to a controller analogue input.

Drop-down list of the controllers in the system. The heavy consumer must be assigned to a controller.
Controller ID After writing the single-line diagram, you can configure the heavy consumer input and output functions

on that controller.

Label Customisable label for the heavy consumer.

Heavy consumer priority
If two or more heavy consumers send requests at the same time, the PMS uses the System ID to determine the priority. The
heavy consumer with the lowest System ID has the highest priority.

The PMS acknowledges the highest priority heavy consumer first. However, once the controller has acknowledged a heavy
consumer request, then the acknowledged heavy consumer is not displaced by a higher priority heavy consumer.

Wiring examples

More information
See Wiring for controller functions in the Installation instructions for examples of heavy consumer wiring.
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Inputs and outputs

Funcion oo o

Heavy consumers > Required for each heavy consumer. The controller starts the

o Pul . . . .
[Heavy consumer #] > Digital input ! se/ heavy consumer connection function when this input is
Continuous

Request * activated.
Heavy consumers > Digital Required for each heavy consumer. The controller energises
[Heavy consumer #] > ougt]put Pulse this relay when the required power is available, and then the

Acknowledge * heavy consumer can connect.

Required if Fixed is selected for the Feedback type. When the
heavy consumer request is activated, but this input is not
activated, the power management system (PMS) reserves 100

Heavy consumers >
[Heavy consumer #] > Dijgitalinput Continuous

Feedpack * % of the power required for the heavy consumer at the busbar.
Required if Variable is selected for Feedback type.
For example, this can be connected to a power transducer with
a 4 to 20 mA output, and configured so that 4 to 20 mA

Heavy consumers > Analogue % of the heavy corresponds to 0 to 100 % of the heavy consumer nominal

[Heavy consumer #] > R 9 consumer load. if the heavy consumer nominal load is 500 kW, but the

Feedback [%] * nominal load heavy consumer is only using 200 kW, the power transducer

output is 4 mA + (200 kW / 500 kW x 16 mA) = 10.4 mA.

Alternatively, the analogue input may be configured for another
type of input, or another input range.

NOTE * By default [Heavy consumer #] is HC #, where # represents the System ID. [Heavy consumer #] can be replaced
with the Controller label entered in the single line diagram for the heavy consumer.

Analogue outputs (optional)

Functon o Junts______Joetls

The controller outputs the actual heavy consumer

Heavy consumers > 0 to 100 % of the load, as a percentage of the heavy consumer
[Heavy consumer #] > Analogue heavy consumer nominal load. For this to work, you must configure
Load [%] * S nominal load an analogue input with [Heavy consumer #] >
Feedback.
The controller outputs the actual heavy consumer
Heavy consumers > load. For this t K i fi
lbieswy comsumar 1 = Analogue 0 KW to 9 GW oad. For . is OV\{OI‘ , you must configure an
output analogue input with [Heavy consumer #] >

Load [kw] *
Feedback.

NOTE * By default [Heavy consumer #] is HC #, where # represents the System ID. [Heavy consumer #] can be replaced
with the Controller label entered in the single line diagram for the heavy consumer.
Parameters

The parameters are only visible in the controller to which the heavy consumer is assigned. By default [Heavy consumer #]
is HC #, where # represents the System ID. [Heavy consumer #] can be replaced with the Controller label entered in the
single line diagram for the heavy consumer.

Heavy consumers > [Heavy consumer #] > Nominal settings **

The available power required in the system (as a percentage of the heavy consumer
Initial load 100to 500 %  nominal load) for the PMS to activate the heavy consumer acknowledge.
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Use this parameter to allow a high connection current.
Nominal load O kVAto1GVA The heavy consumer nominal load.

Power factor 0.1to 1.0 The heavy consumer power factor.

NOTE **#is1to6.

Heavy consumers > [Heavy consumer #] > Acknowledge **

Pulse width 1t010s The heavy consumer acknowledge digital output is activated for this period.
The time the controller waits before activating the heavy consumer acknowledge digital output.

Delay O0to30s . . . -
If the acknowledge signal is delayed, the generators have time to stabilise the load on the

busbar before the heavy consumer connects.

NOTE **#is1to6.

Heavy consumers > [Heavy consumer #] > Request signal **

Pulse

e The heavy consumer request is a pulse signal.

* The heavy consumer request cannot be cancelled when the request is a pulse signal.
e Pulse
« Continuous Continuous

e The heavy consumer request is a continuous signal.

Type

e The heavy consumer request is cancelled when the request signal becomes low before
the delay timer expires for the Feedback timeout alarm.

NOTE **#is1to6.

Power management rules > Configuration # > Load-dependent start/stop > Heavy consumer
% %k %k

prameter——JRange s

Not enabled
e This parameter has no effect on load-dependent stops.

Block stop « Not enableq Enabled
when active o+ Enapleq  ° Tany heavy consumers are active, load-dependent stops are blocked. This may
lead to inefficient operation.

« If you only need this function for some heavy consumers, configure the Power
management > Block load-dependent stop digital input function and use it for
these heavy consumers.

NOTE ***#is1to 8.
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8.8.3 Heavy consumer sequence

Fixed heavy consumer sequence

(1) Request |'|
Lt—1ﬂ
Extra power
(2) available |_|
(3) Acknowledgej "

ol

(4) Feedback > |

t1 = Time required to start extra genset(s) for the heavy consumer

t2 = Pulse width (Heavy consumers > [Heavy consumer #] > Acknowledge, Where #is 1to 6 and [Heavy consumer #]
can be replaced by the heavy consumer Controller label)

1. Request: Heavy consumers > [Heavy consumer #] > Request (digital input). An operator or an external signal
activates this input.

2. Extra power available: The PMS starts genset(s), until enough extra power is available for the heavy consumer.

3. Acknowledge: Heavy consumers > [Heavy consumer #] > Acknowledge (digital output). When enough extra
power is available, the controller activates this output.

4. Feedback: Heavy consumers > [Heavy consumer #] > Feedback (digital input). The heavy consumer detects the
Acknowledge, then connects, takes load, and activates this input.

Fixed heavy consumer sequence with acknowledge delay

(1)  Request - |'|
t1
2 Extra power I_l
@ available
.|
(3) Acknowledgej "

(4) Feedback > |

t1 = Time required to start extra genset(s) for the heavy consumer
12 = Acknowledge delay

t3 = Pulse width (Heavy consumers > [Heavy consumer #] > Acknowledge, Where # is 1to 6 and [Heavy consumer #]
can be replaced by the heavy consumer Controller label)
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Request: Heavy consumers > [Heavy consumer #] > Request (digital input). An operator or an external signal
activates this input.

Extra power available: The PMS starts genset(s), until enough extra power is available for the heavy consumer.

3. Acknowledge: Heavy consumers > [Heavy consumer #] > Acknowledge (digital output). When enough extra

power is available, the controller waits for the time specified by the acknowledge delay parameter before the controller
activates the Acknowledge digital output.

Feedback: Heavy consumers > [Heavy consumer #] > Feedback (digital input). The heavy consumer detects the
Acknowledge, then connects, takes load, and activates this input.

Variable heavy consumer sequence

(1)

(2)

(3

(4)

Request = |

-

Extra power
available

’f

Acknowledge ::l "
2,

Feedback A~

t1 = Time required to start extra genset(s) for the heavy consumer

t2 = Pulse width (Heavy consumers > [Heavy consumer #] > Acknowledge, Where # is 1to 6 and [Heavy consumer #]
can be replaced by the heavy consumer Controller label)

Request: Heavy consumers > [Heavy consumer #] > Request (digital input). An operator or an external signal
activates this input.

o If the Request digital input is deactivated after the Feedback is above 2 %, then the heavy consumer power is
reserved until the Feedback falls below 1 %.

Extra power available: The PMS starts genset(s), until enough extra power is available for the heavy consumer.

3. Acknowledge: Heavy consumers > [Heavy consumer #] > Acknowledge (digital output). The controller activates

this output.

Feedback: Heavy consumers > [Heavy consumer #] > Feedback(analogue input). The heavy consumer detects
the Acknowledge, then connects, and takes load. This input must show how much load is taken.
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8.8.4 Heavy consumer flowcharts and example

Heavy consumer request flowchart

Heavy
consumer

request on

Start reservation
timer

A

Start genset «—

Sequence ends

Timer
expired

Activate heav
consumer Alarm
acknowledge
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When a heavy consumer needs to start, a request is sent to the
controller by activating the Heavy consumers > [Heavy consumer
#] > Request digital input.

. The PMS starts the Heavy consumer reservation not possible timer.

. The PMS uses the heavy consumer Initial load to calculate whether
there is enough power for the heavy consumer to connect.

. The PMS starts additional genset(s) if needed (that is, if the PMS
available power after the heavy consumer connects is less than the
load-dependent start limit).

« If power reservation is impossible, or if the Heavy consumer
reservation not possible timer runs out, then the controller
activates the Heavy consumer reservation not possible alarm.

If you use a pulse request signal, then the heavy consumer
request sequence can only stop when there wasn't enough
power for the heavy consumer to connect and the Heavy
consumer reservation not possible timer runs out. If you use a
continuous signal, then the heavy consumer request sequence
can be stopped at any time.

NOTE
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Heavy consumer acknowledge and feedback flowchart

Activate heavy
consumer
acknowledge

request
continuous
on

Sequence ends

Timer

expired No

Deactivate
heavy consumer
acknowledge

1. When enough power is available, the controller activates the Heavy
consumers > [Heavy consumer #] > Acknowledge output for the
Pulse width. The Feedback timeout > Delay timer starts running.

2. Feedback:

o For a fixed load heavy consumer, when the heavy consumer
connects, it must activate the Heavy consumers > [Heavy
consumer #] > Feedback. As long as this feedback is not

activated, the PMS reserves the heavy consumer's full nominal
power at the busbar. When this feedback is activated, the heavy
consumer draws power as part of the system load, and the PMS
does not reserve any extra power.

o For a variable load heavy consumer, the power reserved for the

request
continuous
on

eedback
timeout

HC
feedback

Yes

HC started

heavy consumer changes according to the heavy consumer load
feedback. For example, when the load feedback is 80 % of the
nominal load, the power reserved at the busbar is 20 % of the
nominal load.

« |f feedback is not received before the feedback timeout expires,
the PMS activates the Heavy consumer feedback timeout alarm.

If the heavy consumer request signal is a pulse, then the state

NOTE of the signal is not checked in this procedure.

Connected heavy consumer and disconnect flowchart

HC started

*4

Adjust required
power

'

request
continuous
off

No

Feedback
value < 1%

Heavy
consumer
standb
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When the heavy consumer is connected, the controller adjust the power
requirements for the system.

. When the heavy consumer is no longer required, the operator (or an external

signal) must:
« Pulse request signal: Reduce the heavy consumer power consumption.

« Continuous request signal: Turn off the Heavy consumers > [Heavy
consumer #] > Request digital input.

. The sequence ends when:

« Variable load heavy consumer: The Request is not activated and the
feedback falls below 1 %.

« Fixed load heavy consumer: The Request is not activated and there is no
longer any feedback from the heavy consumer.
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Variable load example
The following graph shows the effect of a heavy consumer with a variable load.

Figure 8.3 Example of heavy consumer with variable load

Power,
i o Nominal power
i s1
b s2 s3 s4
- t1 t2 l
L Ve > > e Available
- Required power \J power
| Noinal power e o
| Available Required
L power power
r Consumed power Consumed
r power
L Heavy
L consumer
L Available power power
time

s1 = Heavy consumer request on

s2 = Heavy consumer starts

s3 = Heavy consumer full power

s4 = Heavy consumer request off
t1 = Genset start time

12 = Delay

Points on graph

1. An operator or an external signal activates the Heavy consumers > [Heavy consumer #] > Request. The required
power is more than the nominal power, so the PMS sends a start command to a genset.

2. The genset starts and connects, so that the nominal power is more than the required power. The controller activates the
Heavy consumers > [Heavy consumer #] > Acknowledge.

3. The heavy consumer connects and starts taking load.

4. The heavy consumer power consumption increases. This increases the consumed power, and decreases the available
power.

5. The heavy consumer runs at full power.

6. The heavy consumer disconnects and the operator or an external signal deactivates the heavy consumer request. The
consumed power and required power drop, and the available power rises.
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8.8.5 Fastload-reduction

The power management system uses the AC measurements to calculate the system's available power. The available power
is available as an analogue output, with an operate time of less than 100 milliseconds. You can connect this output to a load
controller, for example, a thruster or a crane, to have fast load-reduction when the available power is too low.

s Example wiring
J\ -

Fast load-reduction using a thruster controller

/\/
T~ Thruster
controller
NG +
FIe ]
/\/
/\/

The thruster controller can reduce the load by reducing the frequency of a frequency drive. Alternatively, the
thruster controller could change the propeller pitch.

Inputs and outputs

Functn o Junits ___Joetals

Power management >

Section | PMS P avail. Analogue 0 kW to 10
(kW] output MW
Power management >
; 1 Analogue o . . . .

Section | PMS P avail. S =100 t0 100 % Configure this output with a suitable scale.
[5]
Power management > The output can be an input for a load controller, for fast
Section | Conn. P Analogue 0 kWto 10 load-reduction when the available power is low.

. output MW
avail. [kW]
Power management > Anal
Section | Conn. P nalogue -100 to 100 %

output

avail. [%]

Use PMS P avail. to ensure that there is power available from GENSET controllers in AUTO mode. Use Conn. P avail. to
include the GENSET controllers in Manual mode and any controllers in switchboard control in the available power.

8.8.6 Protections

More information
See Heavy consumer reservation not possible and Heavy consumer feedback timeout for more information about
the power management protections for heavy consumers.
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8.9 Externally controlled breakers
8.91 Externally controlled bus tie breaker

The externally controlled bus tie breaker function allows an externally controlled bus tie breaker to be present. This breaker
is opened or closed by the operator. The DEIF controllers only receive position feedback from the breaker, and do not
control it.

Additional equipment
You should install a check sync relay or a paralleling relay in the switchboard to check the synchronisation before closing,
for example, the DEIF CSQ-3 or HAS.

Wiring example

More information
See Wiring for controller functions in the Installation instructions for an example of external breaker wiring.

Digital inputs

Funcion o e o

Breakers > Breaker feedback # > The feedback ensures that the controller
Feedback > Breaker # feedback closed Digital input Continuous system knows when the external breaker is
* closed.

The feedback ensures that the controller
Digital input Continuous system knows when the external breaker is
open.

Breakers > Breaker feedback # >

Feedback > Breaker # feedback open *

Digital outputs (optional)

S 7 S S S

Breakers > Breaker feedback # > State > Breaker . i Activated when the breaker is
. o Digital output Continuous

# feedback is open open.

Breakers > Breaker feedback # > State > Breaker Activated when the breaker is

Digital output Continuous

# feedback is closed * closed.

NOTE * # represents the external breaker number. Up to four external breakers can be assigned to a controller.

How to use the externally controlled bus tie breaker
To close the externally controlled bus tie breaker, the operator must put the system under switchboard control. The
operator must then manually synchronise the busbar sections and then manually close the external breaker.

For an externally controlled bus tie breaker, the power management system does not synchronise the busbar sections. The
power management system does not close the breaker either. Similarly, the power management system does not de-load
an externally controlled bus tie breaker, or open the breaker.

More information
See Regulation required for synchronisation for more information about synchronising busbars.

Alarm

More information
See Breaker # feedback position failure for information about the alarm settings.
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8.9.2 Externally controlled shore connection

The externally controlled shore connection function allows an externally controlled shore connection to be present. This
breaker is opened or closed by the operator. The DEIF controllers only receive position feedback from the breaker, and do
not control it.

Additional equipment

You should install a check sync relay or a paralleling relay in the switchboard, to check the synchronisation before closing,
for example, the DEIF CSQ-3 or HAS.

Digital inputs

e [ S

Breakers > Breaker feedback # > The feedback ensures that the controller
Feedback > Breaker # feedback closed Digital input Continuous system knows when the external breaker is
gk closed.

The feedback ensures that the controller
Digital input Continuous system knows when the external breaker is
open.

Breakers > Breaker feedback # >
Feedback > Breaker # feedback open *

Digital outputs (optional)

Funeion o T oy

Breakers > Breaker feedback # > State > Breaker L : Activated when the breaker is
, o Digital output Continuous

# feedback is open open.

Breakers > Breaker feedback # > State > Breaker Activated when the breaker is

Digital output Continuous

# feedback is closed * closed.

NOTE * # represents the external breaker number. Up to four external breakers can be assigned to a controller.

Manually synchronising to an externally controlled shore connection

To close the externally controlled shore connection, the operator must put the system in switchboard control. The operator
must then manually synchronise and afterwards manually close the external breaker.

For an externally controlled shore connection, the power management system (PMS) does not synchronise the ship busbar
with the shore connection. The PMS does not close the breaker either. Similarly, the PMS does not de-load an externally
controlled shore connection, or open the breaker.

More information
See Regulation required for synchronisation for more information about synchronising.

Creating a blackout to connect to an externally controlled shore connection

The PMS is designed to never stop the last genset, and to restore power if there is a blackout. To create a blackout and
close the externally controlled shore connection:

1. There must be a digital input with the Power management > Block blackout start function. Activate this digital
input.

2. Disconnect all the gensets: Put each GENSET controller in switchboard control, and then open the generator breaker.
e There should now be a blackout.

3. Close the breaker to the externally controlled shore connection.

Alarm

More information
See Breaker # feedback position failure for more information about the alarm settings.
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8.10 Power management alarms

8.10.1 Breaker # feedback position failure

A
1

Breaker
open
feedback
This alarm is for an externally controlled breaker or redundant breaker feedback 0 >
position failure.
1
) . . Breaker
The alarm is based on the externally controlled breaker feedback signals, which are closed
digital inputs to the controller. The alarm is activated if the breaker Closed and Open feedback
feedbacks are both missing for longer than the delay time. The alarm is also activated 0 >

if the breaker Closed and Open feedbacks are both present for longer than the delay

time. 2 A

1
Breaker Delay

position
OK

0

Time

Breakers > Breaker # feedback monitoring > Position failure

The parameter is only visible if there is an external breaker is on the single-line application drawing. This alarm is always
enabled. The alarm action is Warning, Latch enabled.

Delay 1sto1h 1s

All controllers in the busbar sections in switchboard control

If the Breaker # feedback position failure alarm is activated for an externally controlled bus tie breaker without redundant
breaker feedback, the controller cannot be sure whether the breaker is open or closed. The power management system
therefore puts all the controllers in the sections on either side of the externally controlled bus tie breaker under switchboard
control. The controllers remain under switchboard control until the position failure is fixed.

8.10.2 Blackout detection mismatch

-

o

o
=

This alarm communicates that not all controllers in the section detected the blackout.

Controller B
Voltage [%]

The alarm is based on the blackout detection for all the controllers in the section. The
alarm is activated when one or more controllers detect a blackout, while one or more

controllers in the same section do not detect a blackout, and this continues for longer
than the delay time.

100

Controller A
Voltage [%]

This alarm is present in GENSET, HYBRID, SHAFT generator and SHORE connection Z A
controllers. 11—

Delay

Blackout
mismatch

0 >
Time
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System > Monitoring > Blackout detection mismatch

Delay 0.0sto1h

8.10.3 Heavy consumer reservation not possible

This alarm communicates that there is not enough
power available in the PMS to start the heavy
consumer.

The timer starts when the Heavy consumers >

[Heavy consumer #] > Request is activated. g A
The timer runs until the power management system « t1 R
confirms that the required power is available. If the (1) Request ™ |-|

Delay (t1) is exceeded, the controller activates the

alarm, and the heavy consumer request is

cancelled. If reservation is impossible the alarm is

activated immediately, without waiting for the timer Extra power
to expire. 2 available

The required power can be too low if the system is
already under heavy load, or if the available gensets
fail to start. When the alarm is activated, the power
management system ignores heavy consumer
requests.

Heavy consumers > [Heavy consumer #] > Reservation not possible *

This alarm is always enabled.

NOTE *#is1to 6 and [Heavy consumer #] can be replaced with the Controller label of the heavy consumer.

Delay 1sto1h 2 min

Action Warning, Latch enabled

8.10.4 Heavy consumer feedback timeout

This alarm communicates that the requested heavy
consumer did not give feedback within the

configured time after the request was (1)  Request = |'|
acknowledged.

The timer starts when the controller activates the

Heavy consumers > [Heavy consumer #] > (2) Extra'power |

. . available
Acknowledge output. The timer runs until the
controller receives Heavy consumers > [Heavy Z ” A
consumer #] > Feedback. For variable feedback, - e
the timer is cancelled when the feedback is above 2 (3) Acknow/edgej "

%.

For a continuous request signal, the feedback timer
stops and resets when the request signal becomes
low before the Delay (t1) is exceeded.

(4) Feedback -
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If the Delay (1) is exceeded, the controller activates
the alarm and the heavy consumer reservation is
cancelled.

When the alarm is activated, it is not possible to
request power reservation for this heavy consumer.
The Feedback must be reset, and the alarm
acknowledged, before the heavy consumer
sequence can be restarted.

Heavy consumers > [Heavy consumer #] > Feedback timeout *

This alarm is always enabled.

Delay Tsto1h

NOTE *#is1to 6 and [Heavy consumer #] can be replaced by the heavy consumer Controller label.
8.10.5 Missing all controllers
This alarm communicates a network failure.

The alarm is based on the network between the controllers included in the single-line application drawing. The alarm is
activated when the controller cannot communicate over the network with any other controllers. If this alarm is activated, the
Missing controller ID # alarms are not activated. This alarm also forces the controller in switchboard control.

This alarm is always enabled.

System > Monitoring > Missing all controllers

8.10.6 Missing controller ID #

This alarm communicates a communication failure with one or more controllers in the single-line application drawing.

The alarm is activated when a controller is present on the single-line application drawing, but the controller displaying the
alarm cannot communicate with it.

The alarm is always enabled, the alarm action is Warning. The alarm also forces all the controllers in the section under
switchboard control. The alarm parameters are not visible.

8.10.7 Duplicate controller ID

Each controller is delivered with this default alarm to communicate that there is another controller with the same Controller
ID in the network.

The alarm is based on the network between the controllers included in the single-line application drawing. The alarm is
activated when the controller detects another controller with the same Controller ID as itself. The affected controllers are
also forced in switchboard control.

This alarm is always enabled.
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System > Monitoring > Duplicate controller ID

8.10.8 Missing any controller
This alarm informs the operator that there is a communication failure with one or more controllers.

The alarm is based on the network between the controllers included in the single-line application drawing. The controller
activates the alarm if there is at least one controller in the single-line application drawing that it cannot communicate with.
This alarm is not suppressed by Missing all controllers.

This alarm is always enabled.

System > Monitoring > Missing any controller

8.10.9 Missing controllers

This alarm informs the operator that there is a communication failure with one or more controllers. The alarm is based on
the network between the controllers included in the single-line application drawing. The controller activates the alarm when
the number of missing controllers in the section reaches the set point. This alarm is not suppressed by Missing all
controllers.

When the alarm is activated, the power management system changes the mode of the remaining controllers in the section
according to the parameters in System > Monitoring > Mode while controller missing and PMS mode while

controller missing.

NOTICE

Missing controllers

If controller(s) are missing, then the power management cannot know their operating information, including the
breaker positions. Evaluate the risks before configuring this set point.

System > Monitoring > Missing controllers

Set point 1to 5

8.10.10 Forced to switchboard control

This alarm communicates that a critical alarm has forced the controller to switchboard control.

The alarm is based on the conditions that can force the controller to switchboard control. The alarm is not activated if the
controller is already under switchboard control because the Switchboard control digital input is activated.

Local power management > Alarms > Forced to switchboard control

S [ S

 Not enabled
Enable Not enabled
e Enabled

More information
See Switchboard control for the conditions that can force the controller in switchboard control.
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8.10.11 Forced to Manual mode

This alarm communicates that an alarm has forced the controller into Manual mode.

The alarm is based on the conditions that can force the controller to Manual mode. When the condition(s) that activated the
alarm are resolved, the controller remains in Manual mode. An external signal (for example, an operator selects AUTO on
the display) is required to change the controller to AUTO mode.

This alarm is present in the GENSET and EMERGENCY genset controllers.

Local power management > Alarms > Forced to Manual mode

e S " S

e Not enabled
Enable Enabled
e Enabled

Action Warning

8.10.12 BTB # position failure
This alarm is activated when BTB # has a breaker position failure.

System > Monitoring > BTB # position failure

ame [Rnge—omans

Delay 1.0t05.0s To activate the alarm, the position failure must be present while the delay timer runs.

8.10.13 DEIF network redundancy broken

This alarm applies to the DEIF network connection between the controllers. The alarm is activated when there is no
redundant communication between the controllers. This alarm is based on the single-line diagram and the application
communication. That is, all of the controllers in the network must be included in the Application single-line diagram.

This alarm action is always Warning.
This alarm must either be Enabled for all the controllers in the system, or Not enabled for all the controllers in the system.

Communication > DEIF network > DEIF network redundancy broken

8.10.14 DEIF network has only one connection

For redundancy, the DEIF network should be connected as a ring. That is, each controller should have two DEIF network
connections. This alarm is activated if the controller had two DEIF network connections, but now has only one DEIF network
connection.

Communication > DEIF network > DEIF network has only one connection
8.10.15 DEIF network fork detected
The DEIF network can be connected as a chain, or a ring.

If a controller has more than 2 DEIF network connections, then the network is forked (or branched), and the controller
activates this alarm. If you are trying to connect the network as a ring, this alarm can be helpful for identifying which
controller(s) have star connections.
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Communication > DEIF network > DEIF network fork detected

8.10.16 Single-line missing/none active

This alarm communicates that the single-line application drawing cannot be read from the controller, or that no single-line
application drawing is configured for the controller.

The alarm is always enabled and the action is Warning. The alarm parameters are not visible in PICUS. When the alarm is
activated, the controller is forced in switchboard control.

8.10.17 Different single-line configurations

This alarm communicates that different single-line application drawings are present on one or more controllers in the
system.

This alarm is activated when a single-line application drawing is written to a controller, but not Broadcast to the remaining
controllers. The alarm is always enabled, and the action is Warning. The alarm also forces the controller in switchboard
control. The alarm parameters are not visible in PICUS.

8.10.18 Controller not part of system

This alarm communicates that the controller has a Controller ID that is not included in the single-line application drawing.
Check the Application single-line application drawing in PICUS.

The alarm is always Enabled, and the action is Warning. The controller will also be forced in switchboard control. The alarm
parameters are not visible in PICUS.

8.10.19 Controller type mismatch

This alarm communicates when a controller's type does not match the controller type with its Controller ID in the single-line
application drawing.

This alarm is activated when the Controller ID is assigned to an incorrect controller type in the single-line application
drawing, and the single-line application drawing is written to the controller. The controller is also forced under switchboard
control. The alarm parameters are not visible in PICUS.

Controller type mismatch example

pa

A GENSET controller has Controller ID 1, but on the single-line application drawing Controller ID 1 is assigned to an
EMERGENCY genset controller. The alarm is activated when the single-line application drawing is written to the
controller.

8.10.20 Different power management rules activated

This alarm communicates that different power management rules apply to the same section.

The alarm is activated when two or more sets of power management rules apply to the section. A warning is displayed, and
all the controllers in the section are forced to switchboard control.

The alarm is always enabled. The alarm parameters are not visible in PICUS.

8.10.21 Network protocol incompatible

The alarm communicates that the controller has a different network protocol from the rest of the controllers in the system.
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The alarm can for example activate when a controller with a newer software version than the other controllers is added to
the network. This includes different DEIF products in the same system, for example, iE 250 controllers and iE 350
controllers.

Update all the controllers in the system to the latest software.
The alarm action is Warning. You cannot see or change the alarm parameters.

8.10.22 PMS disabled due to an error

This alarm communicates that there is an internal error in the power management software. Power management is disabled,
and all the controllers in the system are also forced into switchboard control.

The alarm action is Warning.

The alarm parameters are not visible in PICUS.

Designer's handbook 4189341396C EN Page 274 of 489



9. GENSET controller

91 About the GENSET controller

A GENSET controller controls and protects a prime mover (for example, a diesel engine) and generator, as well as the
generator breaker. A system can include a number of GENSET controllers.

The GENSET controllers work together to ensure effective power management. This includes load-dependent start and
stop, and may include setting the genset priority order, managing heavy consumers, and, if necessary, tripping non-
essential loads.

The system must have at least one GENSET controller.

Each GENSET controller can control up to six heavy consumers (HC) and connect up to three non-essential load groups

;
(

Example application with Heavy consumers (HC) and non-essential loads (NEL)

;

/

({f

Busbar
cm = O

dharn

[

—’ Controller
@ Genset
~N
911 Functions
Pre-programmed o Genset start and stop sequences

sequences + Breaker sequences
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o Generator breaker blackout close

« PID regulators for analogue outputs
e P regulators for relay outputs
e Set point selection using digital input, Modbus, and/or CustomLogic
» Governor
o Frequency regulation
o Frequency and phase synchronisation
o Active power load sharing
o Fixed power
e AVR
o Voltage regulation

Regulation

o Reactive power load sharing
o Fixed reactive power
o Fixed cos phi
o External set point from analogue input or Modbus
o Configurable power ramp up/down
e Three sets of temperature-dependent power derate settings

» Display unit counters, to edit or reset
o Start attempts
o Running hours (total and trip)
Counters o Breaker operations and trips
o Power export (active and reactive)
o External breaker operations
o Energy counters with configurable digital outputs for external counters

o Power management system (PMS) control
Control types .
» Switchboard control

e AUTO mode
o Automatic power management
o Automatic load-dependent genset start & stop
o Automatic synchronisation & de-loading, and breaker control

Control modes « MANUAL mode

o Operations only on operator command
o Operator-initiated synchronisation and de-loading
o Display push-buttons for genset start/stop, and breaker open/close

e Change control mode (AUTO/MANUAL) from the display, from PICUS, or via Modbus

9.2 GENSET controller principles
9.21 GENSET controller nominal settings

The controller nominal settings are used in a number of key functions. For example, many protection settings are based on
a percentage of the nominal settings.

Engine > Nominal settings > Nominal settings #*

When an MPU/W/NPN/PNP is used to measure the engine speed, then the nominal

Nominal RPM
omne (RIS engine speed is used for the overspeed and underspeed alarms.
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NOTE *#is1to 4.

Generator nominal settings

Generator > Nominal settings > Nominal settings #*

Voltage (V) 10.0 V AC to 1.5 MV AC The phase-to-phase ** nominal AC voltage for the genset.

Current (I) 1.0 Ato 9 KA The maX|m'um current flow |r.1 one phase (that is, L1, L2 or L3) from the
genset during normal operation.

R 20.00 to 100.00 Hz The system nominal frequency, typically either 50 H; or 60 Hz. All the
controllers in the system should have the same nominal frequency.

Power (P) 1.0 kW to 900 MW The nominal active power may be on the genset nameplate.

The nominal apparent power should be on the genset or generator

Apparent power (S) 1.0kVAto1GVA
nameplate.

Power factor (PF) 0.6000 to 1.0000 The power factor should be on the genset or generator nameplate.

NOTE *#is1to 4.
NOTE **In a single-phase set up the nominal AC voltage is phase-to-neutral.

Generator > Nominal settings > Nominal settings # > Calculation method *

Q nominal calculated
Reactive power (Q) nominal Q nominal = P nominal
Q nominal = S nominal

No calculation
P or S nominal P nominal calculated
S nominal calculated

NOTE *#is1to 4.

More information
See Nominal power calculations for how these are used.

Busbar nominal settings

Busbar > Nominal settings > Nominal settings # > Voltage (V) *

Use generator nominal voltage:

Use generator nominal ¢ The phase-to-phase nominal voltage for the busbar is the same as the
voltage generator nominal voltage.

User defined User defined:

Nominal wvalue
source

e You can configure the phase-to-phase nominal voltage for the busbar.

The phase-to-phase nominal voltage for the busbar. If there are no
Voltage (V) ** 10.0 V ACto 1.5 MV AC transformers between the genset and the busbar, the nominal voltage for the
busbar will be the same as the nominal voltage for the genset.

NOTE *#is1to 4.
NOTE ** The Nominal value source must be configured as User defined and written to the controller, for the

nominal voltage setting to be visible.
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9.2.2 Run coil or stop coil

The engine start and stop functions are suitable for genset start systems with either a run coil or a stop coil. Marine
classification societies generally require stop coil systems. A set of controller digital output terminals must be connected to
and configured for either the run coil output, or the stop coil output.

Run coil and stop coil outputs

e R S

, If all power to the controller is lost, then the genset stops.
Engine > Controls >

Run coil Digital output Continuous

Required if there is no Stop coil.

If all power to the controller is lost, then the genset keeps
Engine > Controls > running.

Stop coil Digital output Continuous

Required if there is no Run coil.

9.2.3 Running detection

The controller can be configured to receive engine running feedback from a variety of measurements. There can be more
than one running feedback measurement.

Running detection is a state calculated by the controller, and used by a number of functions. It is either OFF or ON. If any
running feedback measurements show that the engine is running, then Running detection is ON.

Inputs and outputs

euncion i Tpeoems

Engine > Feedback > Digital o . Optional. External equipment activates the digital input
) . Digital input Continuous . .
running detection when the engine is running.

The controller can also use the following inputs for running feedback.

Funcion o rype —oas

Always present. The controller uses the generator voltage
measurements to calculate the frequency. The controller then
compares the frequency with the detection set point.

Generator voltage Gontintiols Note: The controller cannot measure the frequency at very low

measurements voltages. See the Data sheet for the measurement range. The
voltage must also be at least 10 % of nominal for the controller
to use the frequency for running detection. For safety, DEIF
recommends that you install at least one other running
detection input.

Frequency

Optional. The MPU input is connected to an MPU mounted on

MPU HSDI Continuous .
the engine.

Optional. The W input is connected to the battery recharging
w HSDI Continuous generator and measures the engine speed. Alternatively, the
W input can be connected to an NPN/PNP sensor.

Engine >
Measurements > . . . . .
. . Pressure in Optional. This set of analogue input terminals are connected to
Lube oil > Analogue input ; ;
bar a transducer for the engine oil pressure.

Engine oil
pressure [bar]
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Parameters
Engine > Running detection > MPU setup

The controller uses the number of teeth to calculate the engine speed from the

Numb f MPU teeth
umber o eeth 11010000 MPU/W/NPN/PNP measurement signal.

Engine > Running detection > Feedback type

Select one of the inputs as the primary running feedback.

Primary The available running
running feedbacks (depends on |f the Primary running feedback does not detect running, but any other
feedback hardware) running feedback detects running, then the controller activates the Primary

running feedback failure alarm.

Engine > Running detection > RPM running detection

e 0.0 to 50000.0 Running detection is ON when the engine speed measured by the
RPM MPU/W/NPN/PNP input is above this set point.
Not enabled: The MPU/W/NPN/PNP measurement is ignored and not used for
Use engine Not enabled, running detection.
speed Enabled Enabled: The MPU/W/NPN/PNP measurement is used as a running detection

input.

Engine > Running detection > Frequency running detection

Running detection is ON when the frequency measured by the generator voltage

measurements is above this set point.
Frequency 10.0 to 100.0 Hz

For example: For a 60 Hz system, you can use a detection set point of 45 Hz.

Engine > Running detection > Oil pressure running detection

Running detection is ON when the engine oil pressure is above this set

0il pressure * 0.0 to0 10.0 bar -
point.

Not enabled: The engine oil pressure is ignored and not used for running

Use oil pressure * Not enabled, Enabled detection.
Enabled: The engine oil pressure is used as a running detection input.

NOTE * This parameter is only visible if the analogue input is configured.

Frequency running detection hysteresis
For stable operation, running detection has a fixed 2 Hz hysteresis.

o Frequency running detection hysteresis examples

) X

Example 1: The detection set point for frequency is 32 Hz. When the frequency rises above 32 Hz, running
detection changes to ON. However, the frequency has to drop below 30 Hz for running detection to change to OFF.

Example 2: The detection set point for frequency is 45 Hz. When the frequency rises above 45 Hz, running
detection changes to ON. However, the frequency has to drop below 43 Hz for running detection to change to OFF.
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MPU/W input running detection hysteresis
For stable operation, running detection has a fixed 5 % hysteresis on the genset RPM.

Oil pressure running detection hysteresis
For stable operation, running detection has a fixed 5 % hysteresis on the oil pressure.

Example: Running detection ON
The following sequence diagram is an example of how Running detection changes during an engine start. Running

detection changes from OFF to ON when one running feedback detects that the engine is running.

Running detection ON sequence diagram

(1) Frequency Set point_~
4/

@wm st

(3) Digital
running detection

(4) Running detection

1. Frequency: The engine starts and the frequency rises above the set point.
2. RPM: (MPU/W/NPN/PNP input). The engine starts and the RPM rises above the set point.

3. Digital running detection: Engine > Feedback > Digital running detection (digital input). In the example, the response of
this input is slower than the other running detection inputs.

4. Running detection: Running detection changes from OFF to ON when any running feedback (in this case, the
frequency) rises above the Detection set point.

Example: Running detection OFF

The following sequence diagram is an example of how Running detection changes during an engine stop. Running detection

changes from ON to OFF when none of the running feedbacks detect that the engine is running.

Running detection OFF sequence diagram

Set point
(1) Frequency X

(3) Digital
running detection

(4) Running detection

1. Frequency: The engine slows down and the frequency drops to 2 Hz below the set point.
2. RPM: (MPU/W/NPN/PNP input). The engine slows down and the RPM drops to 5 % below the set point.

3. Digital running detection: Engine > Feedback > Digital running detection (digital input). In the example, the response of
this input is slower than the other running detection inputs.
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4. Running detection: Running detection changes from ON to OFF when none of the running feedbacks detect that the
engine is running.

Risks when using only frequency for running detection

It is possible to only use frequency for running detection. However, using only frequency for running detection increases
the risk of not detecting that the genset is running.

The software only uses the frequency measurements when the voltage is at least 10 % of the nominal voltage. This could
cause trouble, since the voltage does not necessarily increase linearly with speed (this depends on the AVR).

If the frequency curve for the genset start up has a dip around the detection set point, the controller can interpret the dip as
no running detection, and stop the genset. Increasing or decreasing the set point away from the dip would solve this
problem.

Frequency running detection example

pa

A genset start up frequency curve is given below.

Frequency
[Hz]y

50 A
40 e o

30 W

20

10

0 1 2 3 4 Time=
[s]
Crank begins.
Fuel in.
If the running detection set point is 30 Hz, running detection is ON.

If the running detection set point is 30 Hz, the frequency drops 2 Hz below the set point, and running detection
from frequency is OFF.

BwoN 2

» |If there are no other running detection inputs, the controller immediately deactivates the run coil and/or
activates the stop coil.

9.2.4 Regulation

The GENSET controller can regulate both a governor (GOV) and an AVR.

More information
See Regulation for how regulation works.

9.2.5 Power management

The GENSET controller works together with the other controllers in the system to provide efficient power management. This
includes blackout prevention and blackout recovery.

More information
See Power management for how power management works.
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9.2.6 Load sharing

When a GENSET controller is under PMS control, it shares the load with other DEIF controllers using the DEIF network.

More information
See Power management and Load sharing for how it works.

9.2.7 Ready for operation

The genset associated with a GENSET controller is ready for operation when the following conditions are met:
e There are no alarms blocking the start.

o |If configured, the Start enable digital input is activated.

* The GENSET controller is in PMS control.

9.2.8 AC configuration

How the general AC configuration description applies to the GENSET controller:

Generator [A-side]

Busbar [B-sidel]

More information
The AC configuration and nominal settings for general information about AC configuration.

9.2.9 Breaker configuration

For the GENSET controller, replace [Breaker] with "Generator breaker" in the descriptions.

More information
See Breakers, synchronisation and de-loading for how to configure breakers.

9.3 Engine start
9.3.1 Engine start function

The controller software includes a pre-programmed engine start sequence. For the engine's start function, you must
configure these inputs and outputs, and parameters.

If a parameter needs an input or output to be configured, then that parameter is not visible until an input or output is
configured with the relevant function.

More information
See [Controller] protections for the engine start protections, and how to configure them.

Controller modes

In AUTO and MANUAL mode, the GENSET controller uses these inputs and outputs, and parameters to start the genset. See
the following sections for the engine start flowcharts and sequences.

When the operator starts the genset under switchboard control, the GENSET controller is not involved. These sequences do
not apply to starting a genset under switchboard control.
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Inputs and outputs

Required engine start output

rocion o e o

Digital output Continuous Connect this output to the engine crank.

Engine > Controls > Crank

Optional engine start inputs and outputs

e S

Engine > Command Digijtal

> Start enable input
Engine > Bt
Controls > Start L2l
output
prepare
Engine > e
Controls > Idle e[
output
run

Engine > Idle

run > End idle P@Hd

start Infplt

Engine >

Function > L.

Remove start Plgltal
input

(release crank
relay)

Continuous

Continuous

Continuous

Pulse

Pulse

Optional engine start commands

Funcion 10— Type oo

Engine > Command > Digital
Start engine input
Engine > Command > Digita
Block engine start input

Engine > Command >

Start engine and Digital
close generator input
breaker
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Pulse

Optional. If this input is configured, it must be activated for the engine
start sequence to start.

Optional. The Start prepare digital output may, for example, be wired to
start a pump, so that the engine oil pressure can build up before cranking.
Note that Start prepare does not have any provision for feedback. The
Start prepare function is only a timer, and does not check whether, for
example, the pump start was successful.

The Start prepare digital output is not needed if the third party engine
controller ensures that all start prepare conditions are okay before
activating the Start enable digital input.

Optional. Connect this output to the engine idle run if supported. Not all
engines support this feature.

Optional. The operator or another system can activate this input to request
the controller to end the engine start idle run.

Optional. The engine controller activates this input. In response, the
GENSET controller deactivates the Crank output, although the Crank on
timer continues to run.

This input is useful when only frequency is used for Running detection,
but the genset frequency increases slowly, and the crank must be
removed before there is Running detection. Even when this input is
activated, the start sequence tries to detect that the engine is running for
the whole of the Crank on time.

Optional. The operator or another system can activate this input to
request the controller to start the engine.

Optional. The operator or another system can activate this input so
that the controller cannot start the engine. The input blocks the

Continuous start in both AUTO and MANUAL mode. However, the input will not

Pulse

prevent an engine start when the controller is under switchboard
control.

Optional. The operator or another system can activate this input to

request the controller to start the engine and then synchronise and
close the breaker.
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Required parameters
Engine > Start sequence > Crank

For the Crank on part of the start sequence, the controller activates the Crank output

Crank on 1. t i . .
el for this period.

If there is no running detection during Crank on, then the controller deactivates the

C k off
ranc o 1.01099.0's Crank output for this period.

The controller deactivates the Crank output when the engine speed reaches this set
point, although the Crank on timer continues to run. This parameter only has an effect

Di if an engine speed measurement (for example, an MPU/W/NPN/PNP) is configured.
isengage 1to 2000 RPM g p ( p W/ / ) g

crank

Even when Disengage crank is used, the start sequence tries to detect that the engine
is running for the whole of the Crank on time.

Engine > Start sequence > Start attempts

This parameter limits the wear on the genset from too many start attempts.

This is the maximum number of start attempts if the digital input Alarm system >
Additional functions > Suppress alarm action is not active.

Normal 1to 100
If the genset does not start after these attempts, the Start failure alarm is activated.
This is the maximum number of start attempts if the digital input Alarm system >
Suppress Additional functions > Suppress alarm action is active.

1t0 10

alarm action

If the genset does not start after these attempts, the Start failure alarm is activated.

Engine > Running detection > Engine ready

After Running detection is ON, the engine must run for this period before the breaker close

Delay 1.0 s to 5 min
sequence can start.

Parameters (optional)
Engine > Start sequence > Start prepare

You must configure the Engine > Controls > Start prepare digital output to see these parameters.

Optional. If the start conditions are OK, the controller activates the Start prepare
Start prepare 0.0 sto 10 min output for this time. When the Start prepare timer expires, the controller activates
the Crank output. See Start prepare in the Engine start sequence.

Extended start 0.0's to 10 min Optional. The controller keeps the Start prepare output activated for this time during
prepare : cranking.

Engine > Start sequence > Run coil

You must configure the Engine > Controls > Run coil digital output to see these parameters.
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Run coil before . Optional. The controller activates the Run coil output for this time before the
0.0 s to 10 min . .
crank Crank output is activated.

Pulse: If the start attempt fails, the controller deactivates the Crank output and
the Run coil.
During start

Pulse, Continuous . . .
attempts Continuous: If the start attempt fails, the controller deactivates the Crank output.

However, the Run coil remains activated until the maximum number of start
attempts is reached.

Engine > Start sequence > Stop coil

You must configure the Engine > Controls > Stop coil digital output to see these parameters.

Activated: The stop coil is activated during the start sequence if there is no

, . running detection and the crank is off.
During crank Activated, Not

off activated . - . . ; :
Not activated: The stop coil is not activated during the start sequence if there is no

running detection and the crank is off.

Idle run start (optional)
You must configure the Engine > Controls > Idle run digital output to see these parameters.

You can configure an idle run start period for the engine. This allows the engine to warm-up before running at nominal
speed.

Idle run may not be allowed with certain maritime classification societies.
If this is configured, the controller will activate the digital output Engine > Controls > Idle run before starting the

engine. The controller then waits for one of the engine conditions (coolant temperature, oil temperature, external input
condition, or the maximum timer) to be fulfilled before increasing to nominal speed.

During the idle run start period, the operator can override the period and press Start 0 on the display, the controller then
cancels the idle run start period and increases to nominal speed.

Additionally, during the idle run start period, the operator can press Stop @ to abort the engine start sequence and run the
engine stop sequence.

Optional idle run start parameters
Engine > Idle run start > Idle run

Enables the engine to idle run until a condition is true before changing to

Enable Not enabled, Enabled .
nominal speed.
Extended . This extends the inhibit period after the idle run is complete, so that while the
C 0 s to 60 min . . . . .
inhibit engine is changing to nominal speed, certain alarms are not activated.
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Engine > Idle run start > Minimum

Uses minimum set point to determine if the engine is ready to increase to nominal

Use Not enabled, Enabled

speed.
Delay 0 s to 999 min This is the minimum time the idle run start is active. *
NOTE

* The minimum period can be overridden by pressing Start° to cancel the idle run start period and increases to
nominal speed.

Engine > Idle run start > Coolant temperature

Uses coolant temperature set point to determine if the engine is ready to increase to

Use Not enabled, Enabled .
nominal speed.

Set point -50 to 200 °C The temperature the engine coolant must reach before ending the idle run start.

Engine > Idle run start > Oil temperature

Uses oil temperature set point to determine if the engine is ready to increase to

Use Not enabled, Enabled .
nominal speed.

Set point -50 to 200 °C The temperature the engine oil must reach before ending the idle run start.

Engine > Idle run start > External condition

Uses the external condition to determine if the engine is ready to increase to nominal

speed.
Not enabled,

Enabl e . . S
abled The external condition is configured with the digital input Engine > Idle run > End

idle run start or with CustomLogic.

Engine > Idle run start > Maximum

Uses maximum set point to determine if the engine is ready to increase to nominal

Use Not enabled, Enabled
speed.

Delay 1s to 120 min This is the maximum time the idle run start can operate.

9.3.2 Engine start flowchart

This flowchart does not apply to switchboard control. Under switchboard control, if the operator presses the push-button

Start @ on the display, the controller ignores the command and shows an info message.

Both Start prepare and Idle run start functions are not included on this diagram.
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Genset
start command

Command
and mode Info message

match?

2.

Start

conditions Info message

OK?

3.
Activate
crank output

4 )

X

Timer
expired?

Running
detection
ON?

Yes
Genset
started

Deactivate

Yes

Max start

attempts? crank output

Genset stop
sequence

9.3.3 Engine start sequence

Command and mode match: The controller checks that the command
source and the controller mode match:

¢ In AUTO mode, the power management system must send the
command to start the genset. The controller ignores all other external
commands.

¢ In MANUAL mode, the command to start the genset can come from
the following:

o The operator can press Start @ on the display.
o The operator can use PICUS to send a genset start command.

o The command can come from an external source, for example, a
relay output from a PLC.

. Start conditions OK: The controller checks whether the start conditions

are OK:
e For a power management command, the controller is in AUTO mode.
« If configured, the Start enable digital input is activated.

e There are no active or unacknowledged alarms to prevent the genset
start. These alarm actions prevent a genset start:

o Block

o PMS-controlled stop

o Trip generator breaker and stop engine

o Trip generator breaker and shutdown engine

. Activate crank output: If all the start conditions are OK, the controller

activates the Crank output and a timer.

. Crank on timer expired: If Running detection is OFF after the Crank on

timer runs out, the controller checks the number of start attempts:

« If the maximum number of start attempts has not been reached, the
controller attempts to start the genset again.

o If the maximum number of start attempts has been reached, the
controller activates the Start failure alarm and stops the engine.

Running detection ON: While the start timer runs, the controller checks
whether Running detection is ON.

« When the controller detects that the genset is running, the genset
start is complete.

. Maximum start attempts: The controller checks the number of start

attempts:

« If the maximum number of start attempts has not been reached, the
controller attempts to start the genset again.

o If the maximum number of start attempts has been reached, the
controller activates the Start failure alarm and stops the engine.

Engine start sequence for a stop coil system

In this example, the Engine > Start sequence > Stop coil > During crank off parameter is Activated. The
engine speed (RPM measurement) and/or the Remove start (release crank relay) digital input do not disengage the crank

before there is Running detection.
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Successful engine start sequence for a stop coil system

(3)

(1) Start attempts 1
|

— 1] —

(2) Crank

Running detection

t1 = Crank on (Parameters > Engine > Start sequence > Crank > Crank on)

Fai

(4)

1
t2
t3

Start attempts: The engine starts during the first start attempt.

Crank: Engine > Controls > Crank (digital output). The controller activates the Crank output. If Running detection
changes from OFF to ON, cranking stops.

Running detection. The engine is regarded as started when Running detection is ON.

lure of engine start sequence for a stop coil system

(1) Start attempts 1 2 3
| | |

— 1] —-—12 —

(2) Crank

«— 12 —5«—1t3 —

(3) Stop coil

Running detection

(5) Start failure

Crank on (Parameters > Engine > Start sequence > Crank > Crank on)
Crank off (Parameters > Engine > Start sequence > Crank > Crank off)

Extended stop (Parameters > Engine > Stop sequence > Extended stop) (optional)

Failure of engine start sequence for a stop coil system:

1.
2.

Start attempts: Parameters > Engine > Start sequence > Start attempts > Normal = 3.

Crank: Engine > Crank (digital output). The controller activates the Crank output for the Crank on time, and
deactivates it for Crank off time.

Stop coil: Engine > Stop coil (digital output). If Running detection is OFF after the Crank on time, then the controller
activates the Stop coil for the time in the Crank off parameter. If all start attempts fail, the controller also activates the
Stop coil for the time in Extended stop > Stop coil activated. This ensures that the engine is stopped if the engine start
was not detected. The engine cannot be started during the Extended stop > Stop coil activated time.

Running detection. There is no running detection.

Start failure. The controller activates the Start failure alarm after the last unsuccessful start attempt.
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Engine start sequence for a run coil system

In this example, the Engine > Start sequence > Run coil > During start attempts parameter is setto Follow
crank. The engine speed (RPM measurement) and/or the Remove start (release crank relay) digital input do not disengage

the crank before there is Running detection.

Successful engine start sequence for a run coil system

(1) Start attempts 1
|

(2) Run coil

11— —t2 —

(3) Crank

(4) Running detection

Failure of engine start sequence for a run coil system

(1) Start attempts 1 2

11 = Run coil before crank (optional)
t2 = Crank on (Parameters > Engine >

Start sequence > Crank > Crank on)

1. Start attempts: The engine starts during
the first start attempt.

2. Run coil: Engine > Run coil (digital
output). The controller activates the Run
coil at the time in the Run coil before
crank parameter. If Running detection is
ON, the engine is regarded as started, and
the Run coil remains activated.

3. Crank: Engine > Crank (digital output).
The controller activates the Crank output.
If Running detection changes from OFF to
ON, cranking stops.

4. Running detection. The engine is
regarded as started when Running
detection is ON.

(2) Run coil

11 > «t2«—t3—

(3) Crank

(4) Running detection

(5) Start failure

t1 Run coil before crank (optional)

t2 Crank on (Parameters > Engine > Start sequence > Crank > Crank on)

13 Crank off (Parameters > Engine > Start sequence > Crank > Crank off)

1. Start attempts: Parameters > Engine > Start sequence > Start attempts > Normal = 3.

2. Run coil: Engine > Controls > Run coil (digital output). The controller activates the Run coil at the time in the Run

coil before crank parameter. If Running detection is still OFF after cranking, the controller deactivates the Run coil for the
time in the Crank off parameter. This ensures that the engine is stopped if the engine start was not detected. The engine

cannot be started during the Crank off time.
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3. Crank: Engine > Controls > Crank (digital output). The controller activates the Crank output for the Crank on time,
and deactivates it for Crank off time.

4. Running detection. There is no running detection.
5. Start failure. The controller activates the Start failure alarm after the last unsuccessful start attempt.

Optional start prepare
You can use the optional Engine > Controls > Start prepare digital output with a stop coil or a run coil system.

Successful engine start sequence with start prepare

(1) Start attempts 1
|

—t] —>— 12 —

(2) Start prepare

(3) Crank

t1 = Start prepare (Parameters > Engine > Start sequence > Start prepare > Start prepare)

t2 = Extended start prepare (Parameters > Engine > Start sequence > Start prepare > Extended start

prepare)

1. Start attempts
2. Start prepare: Engine > Controls > Start prepare (digital output) (optional).

a. At the start of each start sequence, the controller activates the Start prepare output for the time in the Start prepare
parameter (t1). All other engine start outputs (that is, Stop coil, Crank ) are not activated during this time.

b. If there is an Extended start prepare time (t2), then the Start prepare output remains activated for this time during
cranking. If cranking stops before the extended start prepare timer stops, then the controller deactivates the Start
prepare output.

3. Crank: Engine > Controls > Crank (digital output). After the Start prepare time, the controller activates the Crank
output.

9.3.4 Interruption of the start sequence

These actions interrupt the engine start sequence:
e The Emergency stop digital input is activated (for example, from the operator, or a PLC)
« When the controller is in MANUAL mode, there is a Stop engine command. For example: The operator pushes the push-

button Stop @ on the display unit.
+ The following alarm actions:
o PMS-controlled stop
o Trip generator breaker and stop engine
o Trip generator breaker and shutdown engine

The Block alarm action will not interrupt the genset start sequence after it has begun. However, the Block alarm action
prevents a new genset start sequence from starting.

When the start sequence is interrupted, the controller does the following:
* Deactivates the Crank output.

« Deactivates the Run coil output (if present).

« Activates the Stop coil output (if present).
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o Deactivates the Start prepare output (if present).
There is no cooldown period when the engine start sequence is interrupted.

NOTE If Running detection is ON, the controller regards the engine as started. When the engine has started, the actions
listed here do not interrupt the engine start sequence, but result in a engine stop instead. The engine stop normally
includes the cooldown period configured in the controller. However, for a shutdown, there is no cooldown period.

9.4 Engine stop
9.41 Engine stop function

For a normal genset stop, the controller ensures that the genset runs for a cooldown period before stopping. If a shutdown
alarm action shuts down the genset, there is no cooldown period. You can also configure an idle run stop period before the
engine shuts down.

The controller software includes pre-programmed genset stop sequences. For the engine's stop function, you must
configure these inputs and outputs, and parameters.

Parameters that need a hardware function are not visible until the function is assigned to an input or output.

More information
See GENSET controller alarms for more information on how the engine stop alarms work, and how to configure
them.

Controller modes
In AUTO and MANUAL mode, the GENSET controller uses these inputs and outputs, and parameters to stop the genset.

When the operator stops the genset under switchboard control, the controller is not involved. These sequences do not
apply to stopping a genset under switchboard control.

Optional inputs and outputs

Funcion ————— Tio e o

Optional. When the controller is in MANUAL mode, the operator
Digital input Pulse or another system can activate this input to request the
controller to stop the engine.

Engine > Command >
Stop engine

Optional. Connect this output to the engine idle run if

, supported. Not all engines support this feature.
Engine > Controls > L. .
Digital output  Continuous

Idle run
This digital output is needed to use either idle run start and/or
idle run stop.

Engine > Idle run > Optional. The operator or another system can activate this input

Digital input Pulse

End idle stop to request the controller to end the engine stop idle run.

Engine > Command > Optional. When the controller is in MANUAL mode, the operator
Open generator s or another system can activate this input to request the
b Digital input Pulse

reaker and stop controller to de-load and open the breaker, and then stop the
engine engine.

Engine > Cooldown > Analogue Units = °C Optional. This input measures the engine water temperature,
Coolant water [C] input - and is used for temperature-dependent cooldown.
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Parameters
Engine > Stop sequence > Cooldown

This is the cooldown time if the digital input Alarm system > Additional
functions > Suppress alarm action is not active.
Cooldown time * 0 s to 165 min

After the engine stop signal or command, the engine runs for this period before the
controller activates the Stop coil (or deactivates the Run coil).

This is the cooldown time if the digital input Alarm system > Additional

functions > Suppress alarm action is active.
Suppress alarm

1 Tsto3h
action
After the engine stop signal or command, the engine runs for this period before the
controller activates the Stop coil (or deactivates the Run coil).
Temperature 010 150 °C Optional. The engine cooldown stops if the engine coolant water temperature
threshold reaches this threshold before the cooldown timer expires.

NOTE *If the digital input Alarm system > Additional functions > Suppress alarm action is active, the
Suppress alarm action value is used instead of the Cooldown time value.

Engine > Stop sequence > Extended stop

The Stop coil remains activated for this period after Running detection is OFF. During this

Extended stop 1.0t ! . . .
2| Wi B S period a new start attempt is not possible.

Optional idle run stop
You can optionally configure an idle run stop period for the engine, allowing the engine to cool-down after taking load.

If this is configured, the controller will activate the digital output Engine > Controls > Idle run before stopping the
engine. The controller then waits for one of the engine conditions (coolant temperature, oil temperature, external input
condition, or the maximum timer) to be fulfilled before stopping the engine.

During the idle run stop period, the operator can override the period and press Stop @ on the display, the controller then
cancels the idle run stop period and stops the engine.

Additionally, during the idle run stop period, the operator can press Start 0 to abort the engine stop sequence and run the
engine start sequence.

Optional. You must configure the Engine > Controls > Idle run digital output to see these parameters.

Optional parameters
Engine > Idle run stop > Idle run

Enable Not enabled, Enabled Enables the engine to idle run until a condition is true before stopping the engine.

Engine > Idle run stop > Minimum

Use Not enabled, Enabled Uses minimum set point to determine if the engine is ready to stop.

Delay 0 s to 999 min This is the minimum time the idle run stop is active.
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Engine > Idle run stop > Coolant temperature
Use Not enabled, Enabled  Uses coolant temperature set point to determine if the engine is ready to stop.

Set point -50to 200 °C The temperature the engine coolant must reach before ending the idle run stop.

Engine > Idle run stop > 0il temperature

Use Not enabled, Enabled Uses oil temperature set point to determine if the engine is ready to stop.

Set point -50to0 200 °C The temperature the engine oil must reach before ending the idle run stop.

Engine > Idle run stop > External condition

Uses the external condition to determine if the engine is ready to stop.

Not enabled,

Enabled The external condition is configured with the digital input Engine > Idle run > End
idle run stop, or with CustomLogic.

Use

Engine > Idle run stop > Maximum

Use Not enabled, Enabled Uses maximum set point to determine if the engine is ready to stop.

Delay 1sto 120 min This is the maximum time the idle run stop can operate.

9.4.2 Engine stop flowchart
The following flowchart shows how the controller normally stops a genset. An engine shutdown is described later.

This flowchart does not apply to switchboard control. When the controller is under switchboard control, it will not stop the

genset. If, for example, the operator presses the push-button Stop on the display unit, the controller ignores this
command, and the controller display unit shows an info message.

Idle run stop function is not included on this diagram.
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1. Command and mode match: The controller checks that the command
source and the controller mode match:

Genset stop
command

* In AUTO mode, the power management system must send the command
to stop the genset. The controller ignores all other external commands.

Command * In MANUAL mode, the command to stop the genset can come from the
and mode Info message following:
match? No

o The operator can press Stop on the display unit.
o The operator can use PICUS to send an engine stop command.

Yes
o The command can come from an external source, like a PLC.
GB open? Info message 2. GBopen: The controller checks whether the genset breaker is open. If the
genset breaker is not open, the controller cancels the stop sequence and
Yes

the display unit shows an info message.

3. Cooldown timer expired: The genset runs without load for the cooldown
time. The controller checks whether the cooldown timer has expired or the
stop button was pressed again.

Stop
pressed . . . .
again? No « If the cooldown timer has not expired, but the engine stop button is
pressed again, the controller stops the cooldown.
Yes 4. Stop engine: To stop the engine:
e Stop coil system: The controller activates the Stop coil output.

Stop engine * Run coil system: The controller deactivates the Run coil output.

5. Running detection OFF: The controller checks whether the engine has
stopped.

o If Running detection is ON, the controller activates an alarm.

Running
detection
OFF?

« If Running detection is OFF, the engine has stopped and the stop
sequence has been completed successfully.

Yes

Genset
stopped

9.4.3 Engine stop sequence

Engine stop sequence for a stop coil system

(1) Stop 'Il

(2) Cooldown

(3) Stop caill «— 12 —

(4) Running detection
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Engine stop sequence for a run coil system

(1) Stop 'I|

(2) Cooldown

(3) Run cail —12 —

(4) Running detection

t1 Cooldown (Parameters > Engine > Stop sequence > Cooldown > Cooldown time)
t2 Extended stop (Parameters > Engine > Stop sequence > Extended stop > Extended stop)

*  Up to this point, the engine can be restarted immediately, without completing the stop sequence.

1. Stop. The stop command can come from the controller, an operator, or an external source. See Engine stop flowchart.

2. Cooldown (optional). The controller allows the genset to run for the time configured. There is no cooldown for
shutdowns, an emergency stop, or an operator stop by pressing the engine stop push-button again. Temperature-
dependent cooldown is also possible (see below).

3. Stop engine:
e Stop coil: Engine > Controls > Stop coil (digital output). The controller activates the stop coil digital output

until running feedback is OFF. The controller then keeps the stop coil activated for the time in the (optional) Extended
stop parameter.

e Runcoil: Engine > Controls > Run coil (digital output). The controller deactivates the run coil digital output
after the cooldown period. The genset cannot restart during the time in the (optional) Extended stop parameter.

4. Running detection. When the running detection is OFF, the controller regards the engine as stopped.
Temperature-dependent cooldown

Temperature-dependent cooldown stops the engine cooldown when the engine coolant water temperature reaches the
configured threshold before the cooldown timer expires. The cooldown can be shorter than when just a timer is used, which

reduces fuel use. Configure the cooldown threshold under Engine > Stop sequence > Cooldown > Temperature
threshold.

Analogue input for cooldown

Engine > Measurements > Coolant > Engine coolant water [°C] Analogue input

NOTE You must configure the analogue input function to see the parameters.

9.4.4 Engine shutdown flowchart

The engine is shut down for the following alarm action:
o Trip generator breaker and shutdown engine

The engine is also shutdown if the controller's Emergency stop input is deactivated.
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Engine shutdown flowchart

Genset 1. GBopen: The controller checks whether the generator breaker is open.
shutdown If not, the controller trips the generator breaker.

command . .
- 2. Stop engine: The controller shuts down the engine:
1. * « Stop coil system: The controller activates the Stop coil output.
* Run coil system: The controller deactivates the Run coil output.
GB open? Trip GB 3. Running detection OFF: If Running detection is still ON after the time
No allowed, the controller activates the Stop failure alarm.
Yes . . oy

2, NOTE The controller does not require the engine stop conditions to be

met for an engine shutdown. Similarly, there is no cooldown time

Stop engine for an engine shutdown.

.

Running
detection
OFF?

Yes
Genset
stopped

9.5 Generator breaker
9.51 Howitworks

The generator breaker (GB) connects the genset to the busbar. The genset must be running, and synchronised with the
busbar, for the generator breaker to close. The generator breaker is an important part of the system safety, and trips to
protect the genset from problems on the busbar. The generator breaker also trips to stop genset problems from disturbing
the busbar.

General breaker information

More information
See Breakers, synchronisation and de-loading for how synchronisation and breakers work. This includes the inputs
and output functions and the parameters to configure.

[Breaker] refers to Generator breaker. The breaker abbreviation ([*B]) is GB.

9.5.2 Generator breaker close flowchart

This flowchart does not apply to switchboard control. When the controller is in switchboard control, it will not close the
breaker. If, for example, the operator presses Close breaker on the display, the controller ignores this command.

More information
See Generator breaker blackout close flowchart for how to allow the genset to connect to a dead busbar.
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1. Command and mode match: The controller checks that the command
source and the controller mode match:

GB close
command

¢ In AUTO mode, the power management system must send the
command to close the generator breaker. The controller ignores all
other external commands.

¢ In MANUAL mode, the command to close the generator breaker
can come from the following:

Command
and mode
match

o The operator can press the push-button Close breaker @ on
the display unit.

o The operator can use PICUS to send a close breaker command.
Info message
o An external source, like a PLC.

GB open

2. GBopen: The controller checks whether the generator breaker is
open. If the generator breaker is already closed, the sequence stops,
and an info message is shown.

3. Genset V & Hz OK: The controller checks whether the voltage and
frequency from the genset are within the allowed range*. If these are
not in the range, then the controller cancels the close command and
displays an info message.

Busbar 4. Busbar V & Hz OK: The controller checks whether the voltage and

V & Hz frequency on the busbar are within range* If these are not in the

OK range, then the controller cancels the close command and displays an

Ves info message.
- 5. Sync GB: The controller tries to synchronise the genset to the busbar.
5. A * When the genset and busbar are synchronised, the controller
activates the Breakers > Generator breaker > Controls > GB Close
Sync GB output to close the breaker.

« If the genset and busbar do not synchronise within the time
allowed, the controller activates a GB synchronisation failure alarm.
3 z | 6. GB closed: The controller checks whether the generator breaker has
No ired? closed.
Yes  If the generator breaker has closed, the generator breaker close
sequence has been completed successfully.

« If the generator breaker has not closed, the controller activates the
GB closing failure alarm.

Close GB

¢

GB closed
Y

es
GB closed

NOTE * See Parameters > [A-side] / [B-side] AC setup > Voltage and frequency OK for these ranges.

9.5.3 Generator breaker blackout close flowchart

The power management system can automatically close the generator breaker as part of the blackout response.

More information
See Blackout in Power management for more information.
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Manual blackout close not possible

During a blackout, the GENSET controller is forced into AUTO mode. Since the GENSET controller is not in MANUAL mode,
the operator cannot close the breaker by pushing Close breaker on the display.

9.5.4 Generator breaker open flowchart

The flowchart shows the sequence that the controller normally uses to open the generator breaker. This sequence is also
used for the alarm action PMS-controlled stop.

The alarm action Block does not open a closed breaker, although it stops an open breaker from closing. If the controller or
an operator sends a GB open command while Block is active, the controller uses this sequence.

The sequence to trip the generator breaker is described in another flowchart.

This flowchart does not apply to switchboard control. When the controller is under switchboard control, it will not open the
breaker (except for a trip). If, for example, the operator presses Open breaker on the display unit, the controller ignores this
command.
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GB open
command

Command
and mode
match

Info message

Open
conditions
OK

Info message

Info message

De-load genset [

Load<open

GB opened ALARM
No

Yes

GB opened
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Command and mode match: The controller checks
that the command source and the controller mode
match:

¢ In AUTO mode, the power management system
must send the command to open the generator
breaker. The controller ignores all other external
commands.

* In MANUAL mode, the command to open the
genset breaker can come from the following:
o The operator can press Open breaker on the
display.
o The operator can use PICUS to send an open
breaker command.

o The command can come from an external
source, like a PLC.

. Open conditions OK: The controller checks whether

the open conditions are OK. The following conditions
must be met:

* The system must have at least one other source
of power running and connected to the busbar
(for example, another genset, a shaft generator
or a shore controller).

+ The remaining gensets must not be overloaded
after the breaker opens.

. GB closed: The controller checks whether the

generator breaker is closed. If the generator breaker
is open, the sequence ends.

. Deload genset: The power management system de-

loads the genset:

* When the load is less than the set point for the
breaker to open, the controller activates the
Breakers > Generator breaker > Controls > GB
open output.

« If the controller cannot de-load the breaker
before the de-load timer expires, the controller
activates the GB de-load failure alarm. The
controller continues to try to de-load the breaker.

¢ In MANUAL mode the de-loading of the genset
can be stopped by sending a ‘GB Close'
command.

o The de-loading sequence will stop and the
breaker will remain closed.

o Aninfo message will show GB Open
cancelled.

o The system returns to the state before the ‘GB
Open’' command.

. GB opened: The controller checks whether the

generator breaker has opened:

« If the generator breaker has opened, the
generator breaker open sequence has been
completed successfully.

o If the generator breaker has not opened, the
controller activates the GB opening failure alarm.
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9.5.5 Generator breaker trip flowchart

The controller automatically trips the generator breaker (GB) for these alarm actions:
» Trip generator breaker

« Trip generator breaker and stop engine

« Trip generator breaker and shutdown engine

The generator breaker also trips if the controller's Emergency stop input is deactivated.

The controller does not require the genset stop conditions to be met for a breaker trip. Similarly, the breaker is not de-
loaded for a trip.

Generator
breaker trip

Open GB

1. Open GB: When a trip is required, the controller activates the Breakers >
Generator breaker > Controls > GB open output to open the breaker.

2. GBopened: The controller checks whether the breaker has opened:
o |[f the breaker has opened, the trip is successful.

GB opened « |[f the breaker has not opened, the controller activates the GB opening
No failure alarm.

Inverter
stopped

9.6 Digital AVR

The controller can work with a digital AVR (see the Data sheet for details). Select the DAVR and configure the source
address on the Fieldbus configuration page in PICUS.

More information
See Fieldbus configuration in the PICUS manual.

You can then use the following parameters in the controller to configure the digital AVR.

Generator > Digital AVR > AC setup > Selection

Use the controller AC settings, 2-phase (W-U), 2-phase (V-
W), 3-phase (U-V-W)

AC configuration
Generator > Digital AVR > AC setup > Voltage transformer

Enable VT Not enabled, Enabled
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Generator > Digital AVR > AC setup > Generator

Primary 400.0 to 32000.0 V
Secondary 50.0 to 600.0 V

Generator > Digital AVR > AC setup > Busbar

Primary 400.0 to 32000.0 V
Secondary 50.0 to 600.0 V

Generator > Digital AVR > Settings > Start on threshold

Start on threshold PWM 0.0 t0 100.0 %

Start on threshold activation 0.0 t0 100.0 %

Generator > Digital AVR > Settings > Soft start

Soft-start ramp 0.11t0120.0 s

Generator > Digital AVR > Settings > Reset soft start

Minimum frequency threshold 6.0 to 500.0 Hz

Minimum VBus threshold 0.0 to 450.0 V

Generator > Digital AVR > Settings > Dry alternator

Excitation reference for dry alternator 0.0to 20.0 A

Generator > Digital AVR > Settings > Bias

Bias scale 1.0 to 50.0 %
Analogue bias input type Oto10V, +-10V, 4 to 20 mA
Regulation selection Analogue, CAN bias

Generator > Digital AVR > Settings > PID

PID gain factor 1.0 to 200.0

Generator > Digital AVR > Settings > Droop
Reactive droop compensation 0.0t0 10.0 %
Voltage droop compensation 0.0t010.0 %

Off, Reactive droop compensation, Voltage line droop

Droop type A
compensation
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Generator > Digital AVR > Settings > Controls

Write all settings Not selected, Selected
Controls Not enabled, Enabled
Reset all DVC alarms Not selected, Selected
Digital AVR modes Genset mode, Dry alternator, Ventilator mode

Generator > Digital AVR > Current limitation > Selection

Current limitation type Off, Magnetisation, Inductive motor

Generator > Digital AVR > Current limitation > Magnetisation

Current limitation transformer 0.0to 300.0 %

Generator > Digital AVR > Current limitation > Inductive motor starting

Current limitation induction motor 0.0 to 300.0 %

Generator > Digital AVR > Operation modes > Selection

SVR and LAM configuration Off, SVR, SVR + LAM

Generator > Digital AVR > Operation modes > U/f variable slope

Knee set point 70.0 t0 100.0 %

U/f variable slope 0.5t0 5.0

Generator > Digital AVR > Operation modes > Load acceptance module

Adjust LAM 70.0 to 100.0 %

LAM duration 0.0 to 10000.0 ms

Generator > Digital AVR > Operation modes > Soft voltage recovery

Soft voltage recovery 0.01to 3.00 s/%

9.6.1 Digital AVR outputs

The controller analogue outputs can be configured to show a range of digital AVR values. See the functions available under
Generator > Digital AVR > LED and Generator > Digital AVR > Measurements.

9.6.2 Digital AVR alarms

You can enable the following alarms. They are based on operating values from the digital AVR.
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Generator > Digital AVR > Alarms > Over-voltage

Generator > Digital AVR > Alarms > Under-voltage

Generator > Digital AVR > Alarms > Over-frequency

Generator > Digital AVR > Alarms > Under-frequency

Generator > Digital AVR > Alarms > Open diode

Generator > Digital AVR > Alarms > Shorted diode

Generator > Digital AVR > Alarms > Reverse kW

Generator > Digital AVR > Alarms > Reverse kvar

Generator > Digital AVR > Alarms > Ptl100 # alarm*

Generator > Digital AVR > Alarms > Pt100 # fault?*

Generator > Digital AVR > Alarms > PTC # fault*

Generator > Digital AVR > Alarms > Sensing lost

Generator > Digital AVR > Alarms > Unbalanced voltage

Generator > Digital AVR > Alarms > Unbalanced current

Generator > Digital AVR > Alarms > Short circuit

Generator > Digital AVR > Alarms > IGBT overheat

Generator > Digital AVR > Alarms > Motor start

Generator > Digital AVR > Alarms > PWR bridge overload

Generator > Digital AVR > Alarms > Power supply

Generator > Digital AVR > Alarms > CAN supply

Generator > Digital AVR > Alarms > Pt100 # open short fault status*
Generator > Digital AVR > Alarms > AIN # wire break fault status*
Generator > Digital AVR > Alarms > AOUT # overload wire break fault status*
Generator > Digital AVR > Alarms > DOUT overload fault status

NOTE *#is1to5.

9.7 Other GENSET controller functions
9.71 Engine communication

The controller supports J1939 communication with engines, as well as some proprietary protocols.

More information
See Omni Engine interface communication for the details for each engine type.

Inputs and outputs
You can use controller inputs and outputs for the ECU.

T S S

Engine > ECU > Measurement

list filter - available Digital input Pulse

Engine > ECU > Measurement .

list filter - clear Diighel linpue FUES

Engine > ECU > Log request Digital input Pulse After this input is activated, the controller requests
(DM2) 9 P the DM2 log from the ECU.
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T [ S

Engine > ECU > Log clear After this input is activated, the controller requests

Digital i Pul

(DM2) igital input uise the ECU to clear the DM2 log.

Engine > ECU > ECU reset Digital inout Pulse After this input is activated, the controller requests

input 9 P the ECU to reset.

Engine > Controls > ECU - . You can use this output so that the ECU is only
Digital output Continuous .

power powered on when the engine needs to run.
Analogue Over 100 ECU outputs are available as analogue

Engine > ECU > ... outpu?s Various outputs. These can be connected to switchboard

instruments for troubleshooting.

Parameters for controls
Engine > ECU > Controls > Speed control (TSCl / Custom)

orameer——— hge e

Source address 0 to 255 EIC speed/Torque control source address.

Engine > ECU > Controls > Cab message (CM1 / Custom)

oot ronge ores

Selection of EIC J1939 CAB message 1 source address. The controller telegrams for DPF

Source address (Qto 255 X :
regeneration use this source address.

Engine > ECU > Controls > CAN controls

T S [

Enable Not enabled, Enabled Enable: Enable writing commands to the ECU.

Engine > ECU > Controls > Droop

T L

None: The controller does not use droop.

Engine control unit (ECU): The controller sends the specified droop value
to the ECU.

Emulated droop: The controller emulates the specified droop.

None
Droop settings Engine Control Unit (ECU)
Emulated droop

Droop value 0.0to 25.0 % The specified droop.

Engine > ECU > Controls > Reset

T e

The controller uses this timer with the digital output Engine > Controls > ECU power.

Power off timer 1to0 300 s
This can be wired to turn the ECU power off.
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Parameters for diagnostic alarms

Engine > ECU > Diagnostic alarms > ECU Red stop lamp

Engine > ECU > Diagnostic alarms > ECU Amber warning lamp

Engine > ECU > Diagnostic alarms > ECU Protect lamp

Engine > ECU > Diagnostic alarms > ECU Malfunction indicator lamp

Parameters for DPF controls
Engine > ECU > DPF controls > Controls

e S S

Aftertreatment Regeneration

A ——— Not enabled, Enabled Enabled: The regeneration is inhibited.

Automatic: The ECU automatically regenerates the DPF
Automatic, Forced filter as required.
Forced: Forces the regeneration of the DPF filter.

Aftertreatment Regeneration
Force Switch

Parameters for specific manufacturers

Engine > ECU > Manufacture specific

e owrge e

Shutdown override > Enable Not enabled, Enabled

Standard J1939, [Manufacturer If the manufacturer has a proprietary speed

Parameters > Speed control . .
specific] control, you can select it here.

9.7.2 Priming

The priming function activates an output at regular intervals while the engine is not running. Priming is not active while the
engine is starting or stopping. For example, priming can be used for an engine heater or lube oil pump. For the priming
function, you must configure the following output and parameters.

Digital output

N R S

Optional. Use this output to prime the engine at regular

Engine > Controls > Priming Digital output Continuous .
intervals.

Parameters
Engine > Maintenance > Priming

To see these parameters, you must assign the Priming function to a digital output.

Not enabled: The controller does not activate the Priming output.

Enabled: After the engine stops, the controller activates the Priming output for the

Enable Not enabled, Enabled . . ¥ .
period configured under ON timer. The controller then deactivates the output for the
period configured under OFF timer. The on and off cycle repeats until the engine
starts.

ON timer 0.0stolh The priming period.

OFF timer 0.0sto1h The interval between each priming.
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9.7.3 Temperature-dependent power derating

The temperature-dependent power derating function reduces the genset nominal load by reducing the genset nominal
power used by load sharing. The derating function can be configured for up to three temperature measurements.

Input and output

e S S S

Engine > Power derate >

Temperature > Derate # P T The mea§urement This can measurej any temperature, for
o must be in °C. example, the engine cooling water.

temperature [C]

Engine > Power derate > Analogue Optional. You can connect this output

Temperature > Derate # outputg - to a switchboard instrument to monitor

temperature [C] * the analogue input.

NOTE *#is1to 3.

Parameters
Engine > Power derate > Temperature > Derate #*

The analogue input(s) must be configured to see the power derate parameter and curve.

Not enabled: The load sharing uses the genset nominal power, no matter what the
derate temperature is.

Enable derate Not enabled,
Enabled .
Enabled: The controller uses the power derating curve to derate the power for load
sharing within the configured range. See How it works.
Setup Use this section to set up the power derate curve.

NOTE *#is1to 3.

How it works

By default, the genset nominal power is 100 % for temperatures up to 90 °C. If there is a Derate temperature input, then the
power is derated linearly to 80 % at 130 °C. However, you can create a customised curve for each temperature input.

Power derate affects load sharing, since load sharing is based on a percentage of nominal power.

The derating does not affect the alarms.

o Temperature-dependent power derating example

) X

There are two 1000 kW gensets in the system. For genset A, the power derate curve is 100 % until 80 °C, then
linearly down to 70 % at 100 °C. Genset B does not have power derating.

The genset A temperature is 90 °C. The system load is 1480 kW.

The derated nominal power for genset A is 85 % of the nominal power, that is, 850 kW. The total genset nominal
power is 1850 kW.

For equal load sharing, each genset runs at 1480 kW / 1850 kW x 100 % = 80 % of their nominal load. Genset A
runs at 680 kW, and genset B runs at 800 kW.
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9.7.4 Percentage-dependent power derating

The percentage-dependent power derating function reduces the genset nominal load by reducing the genset nominal
power used by load sharing.

Input and output

S S S S

Engine > Power derate >
The measurement must

Percentage > Derate percentage Analogue input i
bein %.

[5]

Optional. You can connect this
output to a switchboard
instrument to monitor the
analogue input.

Engine > Power derate >
Percentage > Derate percentage Analogue output -
[%]

Parameters
Engine > Power derate > Percentage

The analogue input must be configured to see the power derate parameter.

S e

Not enabled: The load sharing uses the genset nominal power, no

matter what the derate percentage is.
Not enabled,

Enabled

Enable derate Not enabled

Enabled: The controller uses the analogue input to derate the power for
load sharing.

9.7.5 Engine operating values as analogue inputs

In addition to analogue inputs described previously, you can use these analogue inputs to communicate engine operating
values to the controller.

Analogue inputs

Engine > Measurements > Coolant > Engine coolant temperature [°C] Analogue input
Engine > Measurements > Coolant > Engine coolant level [%] Analogue input
Engine > Measurements > Lube oil > Engine oil temperature [°C] Analogue input
Engine > Measurements > Lube o0il > Engine oil pressure [bar] Analogue input

9.7.6 Engine operating values as analogue outputs

You can configure an analogue output with a function for an engine operating value. The controller then adjusts the
analogue output to reflect the engine operating value.

Analogue outputs

Functn o Jumks ___Joewis

Engine > Measurements > Coolant  Analogue The controller outputs the engine coolant

. -50 to 200 °C
> Engine coolant water [C] output water temperature.
Engine > Measurements > Coolant  Analogue 0 10 100 % The controller outputs the engine coolant
> Engine coolant level [%] output ° ° level.
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Functon o Junts __Joewis

The controller outputs the engine coolant
Engine > Measurements > Coolant water temperature. For this function to work,

. . Analogue .
> Analogue input > Engine 9 -50 to 200 °C there must be an analogue input to the
output . .
coolant water [C] controller with the engine coolant water
temperature.
Engine > Measurements > Coolant The control!er outpyts the engine coolant
Analogue level. For this function to work, there must be

> Analogue input > Engine 0 to 100 %

output an analogue input to the controller with the

coolant level [%] X
engine coolant level.

Engine > Measurements > Lube oil Analogue The controller outputs the engine oil

> Engine oil pressure [bar] output Uit 19287 pressure.
Engine > Measurements > Lube oil Analogue o The controller outputs the engine oil
. : -50 to 200 °C
> Engine oil temperature [C] output temperature.
Engine > Measurements > Lube oil Anal :he Con'irolleli:ouiiytsfthe:}ng'ltne OIIk th
> Analogue input > Engine oil nalogue -50 to 200 °C emperature. For tnis Tunction to wWork, there

output must be an analogue input to the controller

temperature [C] . . X
P with the engine oil temperature.

The controller outputs the engine oil
Analogue pressure. For this function to work, there
0 to 10 bar .
output must be an analogue input to the controller
with the engine oil pressure.

Engine > Measurements > Lube oil
> Analogue input > Engine oil
pressure [bar]

Engine > Measurements > Speed >  Analogue 0 to 20,000

Engine speed [REM] output RPM The controller outputs the engine speed.

The controller outputs the engine speed. For
Analogue 0 to 20,000 this function to work, there must be an active
output RPM MPU/W/NPN/PNP input to the controller with
the engine speed.

Engine > Measurements > Speed >
Analogue input > Engine MPU
[RPM]

Engine > Power derate >

Semperatuee > Desete 1 o I Analogue 50 to 200 °C The controller outputs the derate
output temperature.
temperature [C]
Engine > Power derate > Anal Th troll touts the derat
Percentage > Derate percentage nalogue 0 to 100 % € controlier outputs the derate
(3] output percentage.
Engine > Service timers > Hours )
. . Analogue The controller outputs the hours until the total
until total running hours ina h i
notification [h] output running hours timer runs out.
Engine > Service timers > Hours . .
. . . Analogue The controller outputs the hours until the trip
until trip running hours . i
output running hours timer runs out.

notification [h]

Applications

An analogue output with an engine operating value may be wired to a switchboard instrument, to help the operator with
troubleshooting. For example, the engine speed measured by the MPU can be displayed.

9.7.7 Engine states as digital outputs

You can configure a digital output with a function for an engine state. The controller activates the digital output if the engine
state is present. These can be useful for troubleshooting.
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Digital outputs
Fncion o [Tpe loewls
Engine > State > Running Digital output Continuous Activated if there is running detection for the engine.

Engine > State > Not _ X X . X . ) .
Digital output Continuous Activated if there is no running detection for the engine.

running
Engine > State > Not ready - . Activated if there is any condition that would block the
Digital output Continuous . .
to start controller from starting the engine.
Engine > State > Ready to _ . Activated if there are no conditions that would block the
Digital output Continuous . .
start controller from starting the engine.
. . - . Activated while the controller works through the pre-
Engine > State > Starting Digital output Continuous : P
programmed start sequence.
. - . Activated while the controller cooldown timer is running.
Engine > State > Cooldown Digital output Continuous 9
Engine > State > Stopping Digital output Continuous Activated while the engine is stopping.

Engine > State > Extended

stop Digital output Continuous Activated while the engine extended stop is active.

9.7.8 Counters

You can view, edit and reset all the counters on the display unit under Configure > Counters.

The counters include:

« Start attempts

« Total running hours and minutes

e Trip running hours and minutes

« Generator breaker operations and trips
* Energy export (active and reactive)

Running hours trip works like a car trip meter. For example, you can use this counter to track the running hours since the
last maintenance.

Energy counter outputs

For each energy counter, you can configure a digital output to send a pulse every time a certain amount of energy is
transferred.

Digital outputs
You must configure the digital output function to see the parameters.

Generator > Production counters > Active energy export pulse Digital output Pulse
Generator > Production counters > Reactive energy export pulse Digital output Pulse
Parameters

Generator > Production counters > Active energy export
Pulse every 1kWhto10 MWh The value when a digital output sends a pulse.

The length of the pulse that is sent. This value should be long enough so the pulse can

Pulse length 0.1 1h X
g Olsto be registered by the external counter.
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Generator > Production counters > Reactive energy export
Pulse every 1kvarhto 10 Mvarh The value when a digital output sends a pulse.

The length of the pulse that is sent. This value should be long enough so the pulse can

Pulse | h 0.1 Th .
ulse length 01 to be registered by the external counter.

Energy counter function and corresponding parameter full names

[Counter pulse]

Active energy export pulse Active energy export

Reactive energy export pulse Reactive energy export

Application example for an energy counter output

pa

Connect the digital output to an external counter.
Configure the digital output using the display unit or PICUS to Active energy export pulse.
Configure the Pulse every parameter to the value where you would like to send a pulse. For example, 100 kWh.

N

Configure the Pulse length to the required length of the pulse for your external counter. For example, 1 second.

With the example setup the controller sends a 1 second pulse to the external counter for each 100 kWh the
controller logs.

9.7.9 Trip AVR

The Trip AVR output ensures that excitation is stopped when an alarm activates with a Trip AVR alarm action. In cases
where there is high voltage present, stopping the excitation reduce the time required to stop an engine in case of an
emergency.

The Trip AVR output and alarm action does not initiate a breaker trip. To trip the breaker and the AVR, digital outputs for
both actions must be configured and the correct alarm action must selected. For example, the Trip breaker + AVR alarm
action.

Digital output

Furcion 10— ype—omais

When this output is configured it is possible to assign alarm actions that

trip the AVR.
[A-side] > AVR Digital Continuous When an alarm with a Trip AVR action activates, the Trip AVR digital output
> Trip AVR output activates and stays activated until all alarms with a Trip AVR action are
resolved.

When the output is active, the controller pauses AVR regulation.

Trip AVR sequence diagram
2 To trip the AVR:

Number of 1 ‘ 1. Number of trip AVR alarms: The number of active
(1) tgﬁ;f\,;/f 0 alarms with a Trip AVR (or similar) alarm action.

2. Trip AVR: [A-side] > AVR > Trip AVR (digital
output). The controller activates this output until all
alarms with a Trip AVR (or similar) alarm action are

Trip fj t acti
not active.
@ AR
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9.8 GENSET controller alarms
9.81 GENSET controller alarms

These alarms are in addition to the AC protections and general alarms for the controllers.

Alarms for the GENSET controller

Engine

Generator

Load sharing

Regulator configuration

Maximum parallel time

Power management

Emergency stop

Overspeed (2 alarms)
Under-speed (2 alarms)
Governor regulation error
Power ramp up error

Power ramp down error

Crank failure

Primary running feedback failure
Start failure

Stop failure

Engine stop (external)

Engine start (external)

Start enable removed during start
Total running hours notification
Trip running hours notification
Magnetic pickup wire break
Voltage or frequency not OK
AVR regulation error

P load sharing failure

Q load sharing failure

GOV output selection failure
GOV output setup failure

GOV relay setup incomplete
AVR output selection failure
AVR output setup failure

AVR relay setup incomplete
DG-SG max. parallel time

DG-SC max. parallel time

Heavy consumer feedback timeout (1 alarm for each heavy consumer)

Heavy consumer reservation not possible (1 alarm for each heavy consumer)
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Non-essential load (NEL)

Advanced blackout

prevention

Other

9.8.2 Alarm actions

e Up to 3 non-essential loads per controller
e Can connect each controller to the same 3 non-essential load breakers

NEL # over-current (1 alarm for each non-essential load)

NEL # under-frequency (1 alarm for each non-essential load)

NEL # overload 1 and 2 (2 alarms for each non-essential load)
NEL # reactive overload (1 alarm for each non-essential load)
P load sharing failure (low frequency)

P load sharing failure (high frequency)

Q load sharing failure (low voltage)

Q load sharing failure (high voltage)

Forced to Manual mode

Trip AVR output not configured

The controller has the following alarm actions:

* Warning

* Block

e« PMS-controlled stop

« Trip generator breaker

« Trip generator breaker and stop engine

« Trip generator breaker and shutdown engine

e Trip AVR *

o Trip generator breaker + AVR *

o Trip generator breaker + AVR + stop engine *

e Trip generator breaker + AVR + shutdown engine *

NOTE * These alarm actions are only available if the Trip AVR digital output is configured.

9.8.3 Inhibits

_ Disables the alarm when ...

Engine running

Engine not running
Generator breaker closed

Generator breaker open
Generator voltage present
No generator voltage

Generator frequency
present

No generator frequency

Controller under SWBD
control

Digital running detection is ON.
Digital running detection is OFF.

The Breakers > Generator breaker > Feedback > GB closed digital inputis
activated.

The Breakers > Generator breaker > Feedback > GB open digital input is activated.
The generator voltage is above 10 % of the nominal voltage.

The generator voltage is below 10 % of the nominal voltage.
The generator frequency is above 10 % of the nominal frequency.

The generator frequency is below 10 % of the nominal frequency.

The Local > Mode > Switchboard control digital input is activated, OR a system
problem forced the controller under switchboard control.
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_ Disables the alarm when ...

The engine is in the stop sequence.

Engine stopping

Idle run active

ACM wire break

Inhibit 1
Inhibit 2
Inhibit 3

The engine idle run is active.

All these conditions are met:

The generator breaker is closed

Voltage is detected by one set of ACM voltage measurements

No voltage is detected on a phase, or on all three phases for the other set of ACM voltage

measurements

The Alarm system > Inhibits > Activate inhibit 1 digital input is activated.

The Alarm system > Inhibits > Activate inhibit 2 digital inputis activated.

The Alarm system > Inhibits > Activate inhibit 3 digital inputis activated.

9.8.4 Breaker alarms

More information

af

GENSET alarm

GB synchronisation failure

GB de-load failure

Vector mismatch

GB opening failure

GB closing failure

GB position failure

GB trip (external)

GB short circuit

GB configuration failure

Generator phase sequence

error

Busbar phase sequence error

9.8.5 ACalarms

af

More information
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Breakers > Generator

breaker

Synchronisation failure

Breakers > Generator
De-load failure

Breakers > Generator
Vector mismatch

Breakers > Generator
Opening failure

Breakers > Generator
Closing failure

Breakers > Generator
Position failure

Breakers > Generator

Tripped (external)

Breakers > Generator
Short circuit

Generator > AC setup

breaker

breaker

breaker

breaker

breaker

breaker

breaker

> Phase

monitoring >

monitoring >

monitoring >

monitoring >

monitoring >

monitoring >

monitoring >

monitoring >

sequence error

Busbar > AC setup > Phase sequence error

See Breakers, synchronisation and de-loading for breaker handling and alarms in general.

Parameters General name

Breaker synchronisation failure

Breaker de-load failure

Vector mismatch

Breaker opening failure

Breaker closing failure

Breaker position failure

Breaker trip (external)

Breaker short circuit
Breaker configuration failure
Phase sequence error

Phase sequence error

See the Data sheet for the AC alarms for this controller type. See the AC configuration chapter for descriptions of
the AC protections.
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9.8.6 Emergency stop

Digital
input 4 g A
tdelay
high
You can configure one of the controller's digital inputs as the emergency stop.
low >

time

e S S

Wire the emergency stop digital input so that it is normally
activated. If the emergency stop digital input is not activated,
then the controller activates the emergency stop function and the
Emergency stop alarm.

/\ CAUTION

The Emergency stop is part of the safety chain

Alarm system >

Additional functions  Digital input Continuous
> Emergency stop

The Emergency stop is part of the safety chain, and this digital input function should only be used to inform the
controller of the emergency stop. However, the controller's emergency stop input cannot be used as the
system's only emergency stop. For example, if the controller is unpowered, it cannot respond to the emergency
stop digital input.

Engine > Emergency stop > Emergency stop

Delay 0.0 s to 1 min

9.8.7 Overspeed

Value 1\

Z Delay A
Set :

The alarm response is based on the genset speed, as measured by the MPU/W/NPN/PNP point /
input.

These two alarms are for overspeed protection.

time

Engine > Protections > Speed > Overspeed # *

In addition to these overspeed alarms, one of the controller's digital inputs can be connected to hardware that detects
overspeed. A customised alarm for overspeed can then be configured on that digital input.

Set point 10.0 to 150.0 % of nominal speed

Delay 0.0 s to 3 min

NOTE *#is1or2.
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9.8.8 Underspeed

Value f‘ Z A
Set \ Delay

This alarm alerts the operator that a genset is running too slowly.

The alarm response is based on the engine speed as a percentage of the nominal speed. point \__

If the engine speed drops below the set point for the delay time, then the alarm is

activated. o
time

Engine > Protections > Speed > Under-speed #*

Set point (lower than) 0.0 to 100.0 % of nominal speed

Delay 0.0 sto 3 min

NOTE *#is1or2.
9.8.9 Oil pressure
This alarm is activated if the oil pressure exceeds the set point.

Engine > Protections > Pressure > Oil pressure #*

Set point 0.0 t0 10.0 bar

Delay 0.0 sto 3 min

NOTE *#is1or2.
9.8.10 Oil temperature
This alarm is activated if the oil temperature exceeds the set point.

Engine > Protections > Temperature > Oil temperature # *

Set point 0.0 to 200.0 °C

Delay 0.0 s to 3 min

NOTE *#is1or2.
9.8.11 Coolant temperature
This alarm is activated if the coolant temperature exceeds the set point.

Engine > Protections > Temperature > Coolant temperature # *

Set point 0.0 to 200.0 °C

Delay 0.0 s to 3 min
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NOTE *#is1to 3.

9.8.12 Coolant level

This alarm is activated if the coolant level is under the set point.

Engine > Protections > Level > Coolant level #*

Set point 0.0 t0 100.0 %

Delay 0.0 s to 3 min

NOTE *#is1to 3.

9.8.13 Crank failure

The alarm response is based on the MPU/W/NPN/PNP input. This alarm is only available if
the magnetic pickup (MPU) has been chosen as the primary running feedback.

The timer starts when cranking starts (that is, when the Crank output is activated). The
alarm is activated if the set point has not been reached within the delay time.

Engine > Start sequence > Crank failure

Value‘
Set

point

2

delay

@ time

Set point (lower than) 1.0 to 400.0 RPM
Delay 0.0t0 20.0 s

9.8.14 Primary running feedback failure

This alarm is for genset running feedback failure. This alarm
is only available if more than one running feedback is (1) Start
present. The alarm is activated if running is detected on any attempts |

of the secondary running feedbacks but not on the primary
running feedback.

The sequence diagram on the right shows how the primary (2) Crank
running feedback failure alarm works.

1. Start attempt: The controller gets a start signal.

2. Crank: The controller activates the Crank output. (3) I:L;Ir:?\?r:y
3. Primary running feedback: If the primary running feedbacg

feedback has failed, it does not detect the genset start.

4. Secondary running feedback: The secondary running (4) Secondary
feedback detects the genset start. The crank stops after running
running is detected. The alarm timer starts when running feedback

is detected on the secondary running feedback, but not
on the primary running feedback.

5. Alarm: If the primary running feedback does not detect (5) Alarm
that the genset has started within the delay time (t1), the

— 11 —»A

Primary running feedback failure alarm is activated.
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Engine > Running detection > Primary running feedback failure

This alarm is always Enabled.

Delay 0.0 sto 3 min

9.8.15 Start failure

Attempts
A
This alarm is for genset start failure. A
Set |
If the genset has not started after the maximum number of start attempts are completed, point
the controller activates this alarm. 0

Engine > Start sequence > Start failure

9.8.16 Start enable removed during start

The alarm response is based on the engine start-up sequence. This alarm is activated if the engine start-up procedure is
interrupted by the loss of the Start enable input before the engine has started.

Engine > Start sequence > Start enable remove during start
9.8.17 Stop failure

Running

detection
This alarm is for genset stop failure. g tdelay A
5

The controller attempts to stop the genset by activating the Stop coil output (if present)
or alternatively, by deactivating the Run coil output (if present). If Running detection is
still ON after the delay time, the controller activates this alarm.

tirrTe

Engine > Stop sequence > Stop failure

Delay 10.0 s to 2 min

9.8.18 Engine started (external)

Running
. . - . detection Z DelayA
This alarm is to alert the operator to an externally-initiated engine start. on
The alarm is activated if the controller did not initiate an engine start, but Running
detection shows that the engine is running. Off

Time
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Engine > Start sequence > Engine started (external)

9.8.19 Engine stopped (external)

Runn/ng A Z Q
. o . detection Delay
This alarm alerts the operator to an externally-initiated engine stop. On
The alarm is activated if the controller did not initiate an engine stop, but Running
detection shows that the engine has stopped. Off

Time

Engine > Stop sequence > Externally stopped

Delay 1t0 1200 s

9.8.20 Running hours notification

Value f‘
This alarm notifies the operator when the total running hours exceeds the set point. ‘
Set
. . point
The alarm response is based on the Total running hours counter.
0

time

Engine > Maintenance > Service timer > Service timer #*

Set point 0to 9000 h

NOTE *#is1to 4.

9.8.21 Trip running hours notification

Value A
This alarm notifies the operator when the trip running hours exceeds the set point. ‘
Set
. . . point
The alarm response is based on the Trip running hours counter.
0

time

Engine > Maintenance > Running hours trip

Set point 0 to 1,000,000 hours
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9.8.22 Voltage or frequency not OK

This alarm alerts the operator that the voltage or frequency is not in the required Value tdelay
operation range within a specified time after running detection is active. V OK

A delay timer starts when running detection activates. If the voltage and frequency are

not in the required operation ranges when the delay timer expires the alarm activates. fOKEAS f
The alarm response is based on the voltage and frequency from the A-side. time
[A-side] > AC setup > Voltage or frequency not OK
The alarm action is always Block.

Delay Tsto1h
9.8.23 DG-SG max. parallel time

This alarm limits the time that a genset may run in parallel to a shaft generator.

The timer starts when the genset or emergency genset are synchronised with the Z

shaft generator.

—— ——

Controller types: If a SHAFT generator controller is present in the system, these ) B <

alarms are present in GENSET and EMERGENCY genset controllers. e e
Configure the parameters under:

Local power management > Parallel timers > DG-SG max parallel time

The alarm action is always Trip generator breaker, latch enabled.

Table 9.1 Default parameters

Delay 01sto1h Tmin

Enable Not enabled, Enabled Enabled

More information
See SHAFT generator controller, SHAFT generator controller protections, SG-DG max. parallel time for the alarm
in the SHAFT generator controller that trips the shaft generator breaker.
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9.8.24 DG-SC max. parallel time

This alarm limits the time that a genset may run in parallel to a shore connection.

The timer starts when the genset or emergency genset are synchronised with the Z
shore connection.
——
Controller types: If a SHORE connection controller is present in the system, this ) B SHORE
alarm is present in GENSET and EMERGENCY genset controllers. e connection

Configure the parameters under:

Local power management > Parallel timers > DG-SC max parallel time

The alarm action is always Trip generator breaker, latch enabled.

Table 9.2 Default parameters
Delay 01sto1h Tmin
Enable Not enabled, Enabled Enabled

More information
See SHORE connection controller, SHORE connection controller protections, SC-DG max. parallel time for the
alarm in the SHORE connection controller that trips the shore connection breaker.

9.8.25 Other GENSET controller alarms

The following alarms are also included on the GENSET controller:
« Magnetic pickup wire break

* P load sharing failure

¢ Q load sharing failure
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10. EMERGENCY genset controller

101 About the EMERGENCY genset controller

An EMERGENCY genset controller controls and protects an emergency genset (both the engine and the generator), as well
as the generator breaker, and the emergency busbar tie breaker. By default, the EMERGENCY genset controller
automatically starts the emergency generator when there is no voltage on the busbar.

The EMERGENCY genset controller includes a test function, to make regular testing of the emergency generator easier.

The EMERGENCY genset controller allows harbour operation, so that the genset can be used as the ship generator when in
harbour. Apart from this, the emergency genset does not normally supply power to the system.

The system can have 0 or 1EMERGENCY genset controllers. Each EMERGENCY genset controller can connect up to three
non-essential load groups (NEL).

Example application with non-essential loads (NEL)

Busbar

TB\\.

Emergency q
Load
f——

o \e

Controller

Emergency
Genset

o

10.11 EMERGENCY genset controller functions

« Blackout start
o Genset start sequence and genset stop sequence
o Running detection

Pre-programmed
sequences
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o Stop coil and/or run coil for engine control
o Temperature-dependent cooldown
o Generator breaker open sequence (with de-loading)
o Generator breaker close sequence (with synchronisation)
o Tie breaker open sequence (with de-loading)
o Tie breaker close sequence (with synchronisation)
o Load transfer between emergency and main busbar without synchronisation
o Uses short blackout, with configurable delay
o Tie breaker close sequence and generator breaker close sequence
 Test sequence
e Harbour mode start and stop sequences

o Blackout start and handling (immediate or delayed), from AUTO or Manual mode
Emergency functions o Selectively disable protections using the EDG handling blackout inhibit
e Main busbar is OK digital input

+ Engine test
o Emergency genset start (does not synchronise or connect to the busbar)
. e Load take-over test
Test functions . .
o Emergency-load (supplies the emergency busbar, tie breaker opened)
o Parallel test

o Base-load (synchronises and connects to the busbar, tie breaker closed)

+ Emergency genset powers the ship.
Harbour operation o Economic operation for low loads, for example, in harbour.
e Confirm harbour operation from display.

e PID regulators for analogue outputs
o P regulators for relay outputs
o Relay period time and Minimum ON time configurable
e Set point selection
o Activate external offsets or set points using DI, CustomLogic, or Modbus
e Governor
o Frequency regulation
o Frequency and phase synchronisation
o Load sharing (active power)
o Fixed power
Regulation « AVR
o Voltage regulation
o Load sharing (reactive power)
o Fixed reactive power
o Fixed cos phi
o External set point
o From an analogue input
o From Modbus
o Configurable: Power ramp up, power ramp down
e Optional inputs: Manual regulation
e Three sets of temperature-dependent power derate settings

» Display unit counters, to edit or reset
Counters o Start attempts
o Running hours (total and trip)
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Other

Control types

Control modes

o Generator breaker operations and trips

o Tie breaker operations and trips

o Power export (active and reactive)

o External breaker operations

Energy counters with configurable digital outputs (for external counters)
o Power export (active and reactive)

Priming

Power management system (PMS) control

o AUTO mode

o Manual mode

Switchboard control

o Operator controls the system from the switchboard

o Only the controller protections are active

Stand-alone emergency genset

o Not part of the rest of the system

o Controller AC measurements independently detect blackout

AUTO mode
o Harbour operation active: Automatic power management
o Automatic load-dependent genset start/stop
o Automatic synchronisation/de-loading and breaker control
Manual mode
o Operations only on operator command
o Automatic synchronisation and de-loading
o Display unit push-buttons for genset start/stop, breaker open/close, and test
Test function
o Run the pre-configured test
Display unit push-buttons
o Change control mode (AUTO/Manual/test function)
o Push-button functions also possible using inputs, PICUS, and/or Modbus

o Intuitive, one-touch sequences using the display unit for genset start/stop, and
breaker open/close, in Manual mode

10.2 EMERGENCY genset controller principles

10.2.1 EMERGENCY genset controller nominal settings

The controller nominal settings are used in a number of key functions. For example, many protection settings are based on
a percentage of the nominal settings.

[Source] nominal settings

[Source] > Nominal settings > Nominal settings # *

Voltage (V) 10 V to 150 kV 400V The phase-to-phase ** nominal AC voltage for the genset.
Current (I) 1A 109 KA 867 A The maximum F:urrent flow in onfe phase (that is, L1, L2 or L3) from
the genset during normal operation.
The system nominal frequency, typically either 50 Hz or 60 Hz. All
Frequency (f) 48 to 62 Hz 50 Hz the controllers in the system should have the same nominal
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Power T1kW to 900 MW 480 kW  The nominal active power may be on the genset nameplate.
Apparent power (S) 1kVAto1GVA 600 KVA The nominal apparent power should be on the genset nameplate.

Power factor (PF) 0.6to1 0.8 The power factor should be on the genset nameplate.

NOTE *#is1to 4.
NOTE ** The nominal voltage is always phase-to-phase, even when phase-to-neutral measurements are chosen.

Nominal setting calculation method

[Source] > Nominal settings # > Calculation method *

Q nominal calculated
Reactive power (Q) nominal Q nominal = P nominal Q nominal calculated
Q nominal = S nominal

No calculation
P or S nominal P nominal calculated No calculation
S nominal calculated

NOTE *#is1to 4.

More information
See Nominal power calculations for how these are used.

Busbar nominal settings

Busbar > Nominal settings > Nominal settings #

Nominal
. Range
setting

Use generator nominal voltage:
e The phase-to-phase nominal voltage for the busbar is the

e Use generator .
Nominal g Use Qe”eramr same as the generator nominal voltage.
0 nominal voltage nominal
vellte souree . User defined:
o User defined voltage

* You can configure the phase-to-phase nominal voltage for
the busbar.

The phase-to-phase nominal voltage for the busbar. If there are
Voltage (V) no transformers between the genset and the busbar, the
i 10 V1o 150 kv 400V nominal voltage for the busbar will be the same as the nominal
voltage for the genset.

NOTE *#is1to 4.
NOTE ** The Nominal value source must be configured as User defined and written to the controller, for the
nominal voltage setting to be visible.

10.2.2 Running detection

The controller can be configured to receive engine running feedback from a variety of measurements.

More information
See Running detection in GENSET controller.
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10.2.3 Regulation

The EMERGENCY genset controller regulates the engine governor (GOV) and can also regulate the generator AVR.

More information
See Regulation for how it works.

10.2.4 Power management

The EMERGENCY genset controller works together with the other controllers in the system to provide efficient power
management.

More information
See Power management for how it works.

10.2.5 Load sharing

During Harbour mode, the EMERGENCY genset controller shares the load with other DEIF controllers using the DEIF
Ethernet network.

More information
See Load sharing in Power management for how it works.

10.2.6 AC configuration

AC configuration for the EMERGENCY genset controller

Generator [Source]

Busbar [Busbar]

More information
See AC configuration and Nominal settings for the general AC configuration.

10.2.7 Breaker configuration

Breaker names for EMERGENCY genset controller

EMERGENCY genset [Breaker] name

Generator Generator breaker

Busbar Tie breaker

More information
See Breakers, synchronisation and de-loading for breaker configuration.

10.3 Engine start
10.3.1 Engine start function

The controller software includes pre-programmed genset start sequences.

More information
See Engine start in GENSET controller for how it works.
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More information
See EMERGENCY genset controller protections .

10.4 Engine stop
10.4.1 Engine stop function

The controller software includes pre-programmed emergency genset stop sequences.

More information
See GENSET controller, Engine stop for more information.

More information
See EMERGENCY genset controller, EMERGENCY genset controller protections for more information.

10.5 Emergency genset breakers
10.5.1 Introduction

The generator breaker (GB) connects the emergency genset to the emergency busbar and the tie breaker (TB) connects the
emergency busbar to the main busbar. The tie breaker is an important part of the system safety, and trips to protect the
genset from problems on the busbar. The generator breaker trips to stop genset problems from disturbing the busbar.

More information
See EMERGENCY genset controller breaker parameters in this chapter for information about how the emergency
genset can connect.

General breaker information

More information
See the Breakers, synchronisation and de-loading chapter for more information on synchronisation and breakers.
This includes the inputs and output functions and the parameters to configure.

For the EMERGENCY genset controller, the breaker abbreviation ([*B]) is GB or TB. [Breaker] refers to Generator breaker or
Tie breaker.

10.5.2 EMERGENCY genset controller breaker parameters

Generator breaker parameter

Breakers > Generator breaker configuration > Configuration

omamter—ronge Dtsut Comment

This parameter only has an effect if Tie breaker sync. enabled is Not enabled.
Oto10s 0.5s The controller starts the timer when it detects tie breaker open feedback. The
generator breaker cannot close while the delay timer is running.

Generator breaker
transfer delay

Tie breaker parameters

Breakers > Tie breaker configuration > Configuration

parameter—ronge—psteut [comment

Not enabled: The tie breaker and the generator breaker can never be closed at the
same time. The controller uses a short blackout to do a quick change from one
supply to the other. The operator may hear "click-clack" as the one breaker opens
and then the other breaker closes.

Tie breaker Not
sync. enabled, Enabled
enabled Enabled
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eaameter—Range—oetaut Lcamment

e Main busbar to emergency genset supply: The generator breaker closes as
soon as the tie breaker open feedback is detected, unless there is a Generator
breaker transfer delay.

* Emergency genset to main busbar supply: The tie breaker closes as soon as the
generator breaker open feedback is detected, unless there is a Tie breaker
transfer delay.

Enabled: The controller adjusts the speed of the emergency genset to synchronise
the tie breaker. The tie breaker and generator breaker can both be closed at the
same time. If the emergency genset controller does not control the governor, then
the generator breaker can only close if there is a blackout on the emergency

busbar.
Tie breaker This parameter only has an effect if Tie breaker sync. enabled is Not enabled. The
transfer Oto10s 0.5s controller starts the timer when it detects generator breaker open feedback. The tie
delay breaker cannot close while the delay timer is running.

10.5.3 Generator breaker close flowchart

This flowchart does not apply to switchboard control. When the controller is in switchboard control, it will not close the

breaker. For example, if the operator presses the push-button @ Close breaker on the display, the controller ignores this
command.
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GB close
signal

Info message

No

Genset
started?

Info message

B

closed?

No

TB sync.

enabled? Trip TB

Voltage on

emergency
busbar?

No

Yes

Synchronise
GB

'

GB
synchronised?

A

Close

WY

GB

GB closed

10.5.4 Generator breaker open flowchart

GB open: After getting the GB close signal, the controller checks whether
the generator breaker is open. If the generator breaker is already closed,
the sequence stops.

. Genset started: The controller checks whether the emergency genset

started successfully. If not, the controller display unit shows an info
message.

. TBclosed: The controller checks whether the breaker can be closed

without synchronisation.

If the tie breaker is open, the controller closes the generator breaker
without synchronisation.

If Tie breaker sync. enabled is not enabled, the controller trips the tie
breaker and closes the generator breaker without synchronisation.

If there is no voltage on the emergency busbar, the controller closes
the generator breaker without synchronisation.

Otherwise, the controller synchronises the genset to the busbar. If the
synchronisation timer expires before the synchronisation is completed,
the Synchronisation failure alarm is activated.

. GB closed: The controller checks whether the generator breaker has

closed.

If the generator breaker has not closed the GB close failure alarm is
activated.

If the generator breaker has closed, the generator breaker close
sequence has been completed successfully.

The opening sequence of the generator breaker for the emergency genset is the same as for a standard genset generator

breaker.

Designer's handbook 4189341396C EN

Page 328 of 489



More information
See GENSET controller, Generator breaker, Generator breaker open flowchart for more information.

10.5.5 Generator breaker trip flowchart

The trip sequence of the generator breaker for the emergency genset is the same as for a standard genset generator
breaker.

More information
See GENSET controller, Generator breaker, Generator breaker trip flowchart for more information.

10.5.6 Tie breaker close flowchart

The tie breaker close sequence is determined by the configuration of the EMERGENCY genset controller, and by the
EMERGENCY genset controller breaker parameters.

More information
See Other EMERGENCY genset controller functions, Emergency genset configurations in this chapter for more
information about the configuration of the EMERGENCY genset controller.

More information
See EMERGENCY genset controller, Emergency genset breakers, EMERGENCY genset controller breaker
parameters, for more information about the EMERGENCY genset controller parameters.

Tie breaker close sequence
The following flowchart below shows the sequence that the controller uses to close the tie breaker.

This flowchart does not apply to switchboard control. When the controller is under switchboard control, it will not close the

breaker. If, for example, the operator presses the push-button Close breaker @ on the display unit, the controller ignores
this command.
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TB close
signal

TB closed

Voltage

> on main

No
No busbar

i Yes

oltage on

emergency_"no

GB closed

No

Yes

Y

TB sync. :
enabled No Trip GB

Yes

Bl

v

Synchronise
B

Close TB

A

TB closed

ALARM
No

10.5.7 Tie breaker open flowchart

1.

TB closed: After getting the TB close
signal, the controller checks whether the
tie breaker is closed. If the tie breaker is
already closed, the sequence stops.

GB closed: The controller checks whether

direct closing is okay (no voltage on the

main busbar, no voltage on the emergency

busbar, and the generator breaker is

open).

o If direct closing is OK, the controller
closes the tie breaker.

» If direct closing is not OK, the controller
checks whether Tie breaker sync.
enabled is enabled.

o If Tie breaker sync. enabled is
enabled, the controller synchronises
across the tie breaker by regulating
the emergency genset. When the
busbars are synchronised, the
controller closes the tie breaker.

o If Tie breaker sync. enabled is not
enabled, the controller trips the
generator breaker. When the
generator breaker is open, the
controller closes the tie breaker.

TB closed: The controller checks whether
the tie breaker has closed.

« If the tie breaker has closed, the tie
breaker close sequence has been
completed successfully.

o If the tie breaker is not closed, the TB
closing failure alarm is activated.

The following flowchart shows the sequence that the controller uses to open the emergency busbar tie breaker.
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TB open signal

TB closed TB opened
Yes
oltage on Blackout
i response

TB sync.
enabled

Yes
Open TB

Engine
running

Info message
No

Open TB

a1 '

TB opened
ALARM

Close GB

«»

1. TBclosed: After getting the emergency busbar tie breaker open signal, the controller checks whether the tie breaker is
open.

TB opened
Ye

S
TB opened

o If the tie breaker is open, the sequence ends.
o If the tie breaker is not open, the sequence continues.
2. Voltage on main busbar: The controller checks whether there is voltage on the main busbar.

« |If there is voltage on the main busbar, the controller continues with the sequence. (Note that if a Main busbar is OK
digital input is configured, this must also be activated.)

« |If there is not voltage on the main busbar, the controller uses the blackout response.
3. GB closed: The controller checks whether the genset breaker is closed.
« |If the genset breaker is closed, the controller opens the tie breaker immediately.
« |If the genset breaker is open, the controller checks whether Tie breaker sync. enabled is enabled.

o If Tie breaker sync. enabled is enabled, then the display unit shows an info message (GB open). The operator
must first close the generator breaker before the tie breaker can be opened.

o |If Tie breaker sync. enabled is not enabled, then the controller checks whether the engine is running.

o If the engine is running, the controller opens the tie breaker. When the tie breaker position feedback confirms
that the tie breaker is open, then the controller closes the generator breaker.

o If the engine is not running, then the display unit shows an info message.
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10.5.8 Tie breaker trip flowchart

The controller automatically trips the tie breaker (TB) for this alarm action:
o Trip tie breaker

The controller does not require the tie breaker open conditions to be met for a breaker trip. Similarly, the tie breaker is not
de-loaded for a trip.

Table 10.1 Tie breaker trip flowchart

Tie breaker trip
A

Open TB 1. Open TB: When a trip is required, the controller activates the Tie breaker >
Control > Open output to open the breaker.

1.

2. TBopened: The controller checks whether the breaker has opened:
o [f the breaker has opened, the trip is successful.

« If the breaker has not opened, the controller activates the TB opening

TB opened ;
failure alarm.

10.6 Emergency genset test functions

10.6.1 Emergency genset test function

The EMERGENCY genset controller includes a test function so that the operator can easily test the emergency genset. Only
the EMERGENCY genset controller has the test function.

The test function can be started from Manual mode from a digital input. If activated when the controller is not in Manual
mode, then the info message Not in Manual mode is displayed.

When the test procedure starts, the test continues until the testing time is finished. If a blackout occurs while the test is
running, then the EMERGENCY genset controller stops the test and resolves the blackout. When the blackout is resolved,
the test does not automatically continue.

Digital input

e S e

When this input is activated, the controller runs the genset test selected in
Digital input Pulse the controller parameters. This input has the same effect as pressing the
TEST push-button on the display unit.

Engine > Command >
Test genset
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Parameters

Local power management > Emergency generator

T e e S

Test delay >

M0sto1h 30s The time the test runs from the moment the generator is started.
Test time

Test base load 10.0to 100.0 % of

o . .
> Base load nominal power 50 % The load the genset will ramp up to during the parallel test.
Engine test: Starts, runs and stops the emergency genset.
Parallel test: Starts and runs the emergency genset. The power
management system synchronises and closes the generator
) breaker. The emergency genset runs parallel to other power
¢ Engine test suppliers on the busbar, then de-loads and opens the generator
Test type > o Parallel test Engine breaker. The power management system then stops the emergency
Type e | oad take-over test genset
test Load take-over test: Similar to the parallel test, but after the

emergency genset is in parallel to the other power suppliers, the tie
breaker is de-loaded and opened. The power management system
synchronises and closes the tie breaker. Then de-loads and opens
the generator breaker before stopping the emergency genset.

Local power management > Return modes

e BNE feet > + Nomode change This parameter determines to which power management
e e Manual mode AUTO mode mode the controller should return to when the EMERGENCY
e AUTO mode genset controller test is finished.

Test function

The EMERGENCY genset controller has three test functions. The availability of the test functions for a stand-alone system
depends whether the controller is able to control the emergency genset governor.

Table 10.2 Test function availability

Test function Governor control possible Governor control not possible

Engine test o (
Parallel test o -
Load take-over test o *See note

*Note: If the controller cannot synchronise with the main busbar, then for the load take-over test, the EMERGENCY genset
controller opens the tie breaker, and immediately after that closes the generator breaker.

Emergency genset test and blackout

If there is a blackout during the emergency genset test, then the controller stops the test immediately, and starts the
blackout response.

More information
See EMERGENCY genset controller, Other EMERGENCY genset controller functions, Blackout response
(emergency busbar blackout) for more information.

10.6.2 Engine test

For the engine test, the controller starts the emergency genset, and runs it for the specified time with the genset breaker
open.
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Test
activated

Engine start || Emergency
sequence load
Start
sequence —
oK e [
e ———
1. The controller starts the emergency genset when the TEST function is
Test timer activated.
starts 2. The test timer starts when the emergency genset has started.

3. The emergency genset runs at its nominal frequency (without synchronising or
closing the genset breaker) until the test timer runs out.

4. After the test timer runs out, the emergency genset cools down and then
stops.

5. The EMERGENCY genset controller changes to the mode specified in the After
EDG test parameter.

Engine stop
sequence

Stop
sequence
OK

Controller to
mode after test

10.6.3 Parallel test

For the parallel test, the controller starts the emergency genset, and closes the genset breaker. The controller runs the
genset at the specified test base load for the specified time, then opens the genset breaker and stops the emergency
genset. The tie breaker is closed for this test.
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Test
activated

Engine start
sequence

Start
sequence
OK

Close generator
breaker

GB closed

Ramp up to
power set point

'

Test timer
starts

10.6.4 Load take-over test

A

Open generator
breaker

GB opened

Genset stop
sequence

Stop
sequence
OK

Controller to
mode after test

Emergency
load

s ||

The controller starts the
emergency genset when the TEST
function is activated.

. The controller synchronises and

closes the genset breaker.

. The controller regulates the

emergency genset to supply the
load defined in the Test base load
parameter.

4. The test timer starts.
. After the test timer runs out, the

controller de-loads and opens the
emergency genset breaker.

. The emergency genset cools down

and then stops.

The EMERGENCY genset controller
changes to the mode specified in
the After EDG test parameter.

For the load take-over test, the controller starts the emergency genset, and closes the genset breaker. The controller then
opens the tie breaker and runs the genset for the specified time. At the end of the test, the controller closes the tie breaker,
opens the generator breaker and stops the emergency genset.
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Test
activated

Engine start
sequence

Start
sequence
OK

Close generator
breaker

GB closed

Open tie
breaker

Tie breaker
opened

Yes

Test timer
starts

No governor control

Close tie
breaker

'

Tie breaker
closed

Open generator
breaker

GB opened

Engine stop
sequence

'

Stop
sequence
OK

Controller to
mode after test

| | Emergency
load

s ]
"5

The controller starts the
emergency genset when the
TEST function is activated.

. The controller synchronises and

closes the genset breaker.

. The controller opens the tie

breaker between the emergency
busbar and the main busbar.

. The controller starts the test

timer.

. After the test timer runs out, the

controller synchronises and
closes the tie breaker.

. The controller de-loads and

opens the emergency genset
breaker.

The emergency genset cools
down and then stops.

. The EMERGENCY genset

controller changes to the mode
specified in the After EDG test
parameter.

The load take-over test is modified if the controller does not control the governor (and therefore cannot synchronise with
the main busbar). Instead of synchronising, the EMERGENCY genset controller opens the tie breaker, and immediately after

that closes the generator breaker.

10.7 Emergency genset configurations

10.71 About configurations

The emergency genset can either be part of the power management system, or a stand-alone genset.

The single-line diagram for the EMERGENCY genset controller determines whether the emergency genset is part of the

power management system or stand-alone.

The emergency genset controller configuration affects the response of the system after a blackout. This response also
depends on whether the controller controls the emergency genset governor.
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10.7.2 Emergency genset as part of the system

When the EMERGENCY genset controller is part of the power management system, it shares information with the other
controllers over the DEIF network.

As part of the system, the emergency genset can operate in parallel to the busbar. This can be for short periods (load take-
over), or for extended periods (harbour operation).

More information
See Other EMERGENCY genset controller functions, Harbour operation in this chapter for more information.

An example of an emergency genset as part of a system

DEIF network Ethernet

A4 A4 A4 N/

EMERGENCY BUS TIE SHAFT
GENSET GENSET
genset breaker generator
controller controller
controller controller controller

Busbar JJ’.
lj BTB

Emergency [ [
load ¢ d

4 q

#

-
- 1 e e 7
Emergency genset Genset 1 Genset 2 Shaft generator

10.7.3 Stand-alone emergency genset

For some applications, the emergency genset must be a stand-alone genset. For a stand-alone genset, the EMERGENCY
genset controller is not connected to the DEIF network.

Application single-line diagram
For a stand-alone emergency genset, the emergency genset must be the only component shown in the EMERGENCY

genset controller single-line diagram. The stand-alone emergency genset must not be included in the rest of the system's
single-line diagram.

NOTE For a stand-alone emergency genset application, do not include the EMERGENCY genset controller in the
Broadcast when broadcasting the single-line diagram from another controller. Similarly, do not Broadcast the
single-line diagram to other controllers for a stand-alone emergency genset application.

Designer's handbook 4189341396C EN Page 337 of 489



Example of a stand-alone emergency genset application

BUS TIE SHAFT
2k GENSET GENSET
genset breaker generator
controller controller
controller controller controller

Busbar ‘)
lj ' BTB

Emergency

load J ® ®
1‘ 4‘ 1‘

# 7#
“ _-_ _-_ -_I_

Emergency genset Genset 1 Genset 2 Shaft generator

Stand-alone emergency genset

EMERGENCY
genset
controller

Emergency

load

Emergency genset

Input
Optional: You can configure the Main busbar is OK digital input.

More information
See EMERGENCY genset controller, Emergency genset configurations, Main busbar is OK for more information.
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AUTO mode

The controller uses its AC measurements (from the ACM) and, if configured, the Main busbar is OK digital input, to
determine whether there is power on the main busbar. If there is power on the main busbar, in AUTO mode the controller
ensures that the tie breaker is closed and the generator breaker is open.

A stand-alone EMERGENCY genset controller does NOT regard itself as the last power source. In AUTO mode, the controller
can therefore open the generator breaker and stop the engine when there is power on the main busbar.

Manual mode

You can connect stand-alone emergency genset to the main busbar in Manual mode if Tie breaker sync. enabled is
Enabled. Start the genset, then close the genset breaker. Be aware that if the EDG max. parallel time alarm is Enabled, the
controller will trip the tie breaker after the Delay.

To open the generator breaker for a connected stand-alone emergency genset, the following conditions are met:
¢ The EMERGENCY genset controller AC measurements must show that there is power on the main busbar
« If the controller has a Main busbar is OK digital input, it must be activated

If the conditions are met, you can use the generator breaker open push-button on the display unit to open the generator
breaker.

Blackout response

More information

See EMERGENCY genset controller, Other EMERGENCY genset controller functions, Blackout response
(emergency busbar blackout) for information on how the stand-alone EMERGENCY genset controller responds to
a blackout.

Harbour operation
Harbour operation is not possible for a stand-alone emergency genset.

10.7.4 Main busbar is OK

You can configure a Main busbar is OK digital input as an extra check. After a blackout, when power is restored, the input
allows the controller to disconnect and stop the emergency genset. The input also allows the tie breaker to connect to the
main busbar.

Digital input
N R S
Power management > Main If this digital input function is configured, then this digital input

Digital input Continuous

busbar is OK must be activated for the controller to close the tie breaker.

10.8 Other EMERGENCY genset controller functions
10.8.1 Blackout response (emergency busbar blackout)

The emergency genset blackout response starts after all the blackout conditions have been met:
* The voltage on the main busbar is below a set level (that is, a black busbar).
« The emergency generator breaker is OPEN.

When a blackout is detected on the busbar, the EMERGENCY genset controller starts the Blackout delay timer (see below)
to give other gensets a chance to resolve the blackout. When the timer expires, the controller responds according to the
Blackout control parameter (see below).

If the EMERGENCY genset controller is running a Test when the blackout occurs, the controller automatically stops the test,
goes into the mode specified for after the test, and starts the blackout response.
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When power is restored to the main busbar, the controller may stop the emergency genset, depending on the emergency
genset configuration and the EMERGENCY genset controller mode.

The EMERGENCY genset controller does NOT start the blackout response if:
« The EMERGENCY genset controller is in switchboard control.

e Harbour operation is active.

e The EDG not ready for blackout alarm is active.

e The Extended stop timer is running.

* There is a stop coil failure.

More information
See Emergency genset configurations.

Parameters
Busbar > AC setup > Blackout detection

Parameter name |Range Comment

The time the EMERGENCY genset controller waits before starting the emergency

Blackout delay Ostolh 15 .
D S genset during a blackout.

Local power management > Emergency generator > Blackout handling

Parameter
Range Comment
name

« Open TB and start engine: When a blackout is detected, open

e Open TB and the TB after the Blackout delay. Then, when the TB is open,
Blackout start engine Open TB and start the emergency genset engine.
control o Startengineand startengine < Startengine and open TB: When a blackout is detected, start
open TB the emergency genset engine after the Blackout delay. Then,

when the engine is running, open the TB.

Busbar > AC setup > Voltage and frequency OK

Parameter name Range m Comment

The time the EMERGENCY genset controller waits before closing the
tie breaker after a blackout.

Frequency and voltage OK Ostolh 5s
Switchboard control and blackout

An activated Mode > Switchboard control digital input on the EMERGENCY genset controller forces the controller in
switchboard control. In this case, the emergency genset will not start automatically during a blackout.

Some system alarms can also force the EMERGENCY genset controller in switchboard control. For example: Controller not
part of system and Different single-line configurations.

Apart from these, the EMERGENCY genset controller is not forced in switchboard control by the alarms that force the other
controllers in switchboard control, or by the Power management > Force all controllers in section to SWBD

control input. This means that the EMERGENCY genset controller is always ready to handle a blackout.
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Blackout response flowchart
Main busbar
failure

Blackout delay
timer

Stop TEST,
change to
AUTO mode

W

4. )

Blackout
still present?

Blackout

No resolved

Timer

expired? No

Yes

Genset start
sequence and
open TB

Start seq.
OKand TB
tripped?

Yes

GB close
sequence

GB closed
OK?

Blackout
resolved

Power restored

No blackout
response

Blackout delay timer: If the main busbar fails, and the blackout
response is possible, then the Blackout delay timer starts.

. TEST running: The controller checks whether a Test is running. If

a test is running the controller stops the test and changes to
AUTO mode.

. PMS control: If a test is not running, the controller checks

whether PMS control is active. If the controller is under
Switchboard control there is no blackout response.

. Blackout still present: The controller checks whether the

blackout is still present, and the status of the Blackout delay
timer.

o If the blackout is resolved before the timer expires, the
sequence stops.

« When the timer expires, the genset start sequence and TB trip
sequence start. The order of these sequences depends on the
Blackout control parameter. If the genset start sequence fails,
the controller activates the Start failure alarm. If the TB trip
sequence fails, the controller activates the TB open failure
alarm.

. Start sequence OK & TB tripped: After the emergency genset is

started and the tie breaker is open, the controller starts the
generator breaker close sequence.

. GB closed OK: If the generator breaker is closed, the emergency

busbar blackout is resolved.

When power is restored on the main busbar, the controller stops the emergency genset according to the flowchart below.

The flowchart is based on Tie breaker sync. enabled being Enabled. If this parameter is Not enabled, then the controller
first opens the generator breaker, then closes the tie breaker.
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Main busbar 1. Frequency & Voltage OK timer: When power is restored to the main busbar, the
power restored power management system waits for the Frequency and voltage OK timer before

starting the TB close sequence. This happens automatically when the controller

1. Y is in AUTO mode.
F 2. TB closed: When the tie breaker is closed, the controller starts the GB open
requency &
voltage OK sequence.
timer 3. GBopened: When the generator breaker is open, the controller starts the Genset

l stop sequence.

4. Genset stopped: The sequence is complete when the emergency genset

TB close stopped. The controller returns to the mode in Local power management >

sequence Return modes > After blackout.

.

TB closed?

ALARM

GB open
sequence

GB opened?
Yes
Genset stop
sequence

.o

Genset
stopped?

ALARM

Sequence
complete

10.8.2 Harbour operation

Harbour operation allows you to use the emergency genset as the ship generator when in harbour. You must get class
approval for the ship to use harbour operation.

Harbour operation is only available for the EMERGENCY genset controller, and only when it is connected to the DEIF
network. Harbour operation allows the emergency genset to supply the main busbar with power for an extended period.
This is typically used while the ship is docked in harbour, since the emergency genset is typically much smaller than the
other gensets, and can therefore run more efficiently at lower loads.

While harbour operation is activated, either by a digital input or a signal from CustomLogic, the operation overrides the EDG
max. parallel time. During harbour operation the emergency genset is treated as an ordinary genset with the first priority
and all normal GENSET controller protections.
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During harbour operation, the EMERGENCY genset controller can be forced under switchboard control by alarms that force
the other controllers under switchboard control, or by the Power management > Force all controllers in section to SWBD
control input. In this case, the EMERGENCY genset controller stays under switchboard control, and does not automatically
start the emergency genset during a blackout.

Digital input

N N

The controller can run the emergency genset in long time parallel

Power management > s . with the main busbar when this input is activated. The emergency
. Digital input Continuous . .
Harbour operation genset will have the same protections as a standard genset when
activated.

Table 10.3 Optional digital inputs and output

Funcion 1o T1ype oo

Power management

Digital . . . C . .

> Harbour ?[ i Continuous Activated when the Harbour operation digital input is activated.

operation active outpu
This digital input only has an effect if the Operator confirms harbour
operation parameter is Enabled.

Power management Diaital

> Allow harbour gl Pulse

operation input After the Harbour operation digital input is activated, activate this digital
input to confirm that harbour operation is allowed. This has the same
effect as pressing the Allow soft key then OK on the display unit.
If the emergency genset controller is in harbour operation and this input is
activated, then harbour operation is cancelled and the genset returns to
normal operation.

Power management Digital If the Operator confirms harbour operation parameter is Enabled, then

> Reject harbour in gut Pulse after the Harbour operation digital input is activated, this digital input has

operation P the same effect as pressing the Reject soft key then OK on the display
unit.
Note: This is a pulse function. If this digital input is continuously activated,
it will NOT prevent or stop harbour operation.

Parameter

Local power management > Emergency generator

Not enabled: No confirmation is required for harbour operation.

Operator confirms Not enabled, Enabled
: nable
harbour operation  Enabled Enabled: The operator must use the display unit or Allow harbour

operation digital input to confirm harbour operation.

Harbour operation
The harbour operation activation sequence is described below.
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Harbour
operation
activated

Start emergency
genset

Y

Close
generator
breaker

l

Breaker
closed

Take over
entire load

Stop gensets
not required by
load

Stop all gensets
in AUTO mode

-

Y
Monitor load,
start & stop
gensets as
required

Continue

harbour
operation

Harbour operation deactivation
The harbour operation deactivation sequence is described below.
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Harbour operation activated: The Harbour operation digital input is
activated.

« If the parameter Operator confirms harbour operation is Enabled, then
the controller requires confirmation to start harbour operation.

. Start emergency genset: The controller starts the emergency genset.
3. Breaker closed: Once the emergency genset is running, the controller closes

the generator breaker.

. Take over entire load: If the generator breaker has closed, the controller

checks whether the emergency genset can take the entire load.

« If the emergency genset can take the entire load, all the gensets that are
in AUTO mode are stopped.

« If the emergency genset cannot take the entire load, gensets in AUTO
mode that are not needed are stopped according to their priority and the
load-dependent stop parameters.

Monitor load, start & stop gensets as required: The controller continues to
monitor the load on the busbar, and starts and stops gensets in AUTO mode
as required. Harbour operation continues until the Harbour operation digital
input is deactivated (or the Reject harbour operation digital input is
activated).
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1. Harbour operation deactivated: After the Harbour operation digital input is
deactivated (or the Reject harbour operation digital input is activated), then
the controller checks whether the connected gensets can take the load.

Harbour
operation

deactivated « If the connected gensets cannot take the entire load, the next available
genset is started.

2. De-load & open emergency genset breaker: When the connected gensets
Start next can take the load, the controller de-loads and opens the generator breaker for
available genset the emergency genset.

nough
connected
gensets

3. Stop emergency genset: Once the breaker is open, the controller stops the
emergency genset, and harbour operation stops.

Yes

De-load & open
emergency
genset breaker

Breaker
opened

Stop
emergency
genset

!

Harbour
operation

stopped

10.8.3 Parallel timers

In some cases there may be a restriction on the time that the emergency genset is allowed to run in parallel with other
power sources. This might be because the emergency genset requires a short paralleling time. The parallel timer allows the
operator to define very short paralleling times between the gensets on the ship and the emergency genset, for a smooth
transition from an emergency genset supply to on-ship electricity generation by the gensets.

Configure the parallel timer on the GENSET controller to define a short paralleling time for a smooth transition from on-ship
electricity generation by the gensets to an emergency genset supply.

Parallel timer parameters can be configured under:

Local power management > Parallel timers

More information
See EMERGENCY genset controller, EMERGENCY genset controller protections, EMERGENCY-main busbar
maximum parallel time for more information.

10.8.4 Temperature-dependent power derating

More information
See GENSET controller, Other GENSET controller functions, Temperature-dependent power derating for a
description of this function.

10.8.5 Priming

More information
See GENSET controller, Other GENSET controller functions, Priming for a description of this function.
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10.8.6 Temperature-dependent start/stop

More information
See GENSET controller, Other GENSET controller functions, Temperature-dependent start/stop for a description
of this function.

10.8.7 Engine states as digital outputs
You can configure a digital output with a function for an engine state. The controller activates the digital output if the engine

state is present. These can be useful for troubleshooting.

More information
See GENSET controller, Other GENSET controller functions, Engine states as digital outputs for more
information.

10.8.8 Engine operating values as analogue outputs
You can configure an analogue output with a function for an engine operating value. The controller receives this value from

an engine measurement. The controller then adjusts the analogue output to reflect the engine operating value.

More information
See GENSET controller, Other GENSET controller functions, Engine operating values as analogue outputs for
more information.

10.8.9 Counters

The EMERGENCY genset controller includes the same counters as the GENSET controller.

More information
See Counters under GENSET controller for more information.

In addition, the EMERGENCY genset controller includes counters for tie breaker operations and trips.

10.8.10 EMERGENCY genset controller without regulation

In some cases it might not be possible to regulate the emergency genset speed using the controller. For these situations
you can set up your controller to synchronise and de-load your generator breaker and/or tie breaker over the network.

To send synchronisation information over the network, the analogue or relay governor inputs must not be configured. To
synchronise with the busbar, the controller sends the synchronisation information over the network to the available genset
controllers. The GENSET controllers synchronise over the breaker and the EMERGENCY genset controller closes the
breaker once the busbars are synchronised.

To de-load and open the breaker, the EMERGENCY genset controller sends a de-load request to the available GENSET
controllers. The GENSET controllers de-load the breaker, and the EMERGENCY genset controller opens the breaker.

10.8.11 Trip AVR

The Trip AVR output ensures that excitation is stopped when an alarm activates with a Trip AVR alarm action. In cases
where there is high voltage present, stopping the excitation reduce the time required to stop an engine in case of an
emergency.

The Trip AVR output and alarm action does not initiate a breaker trip. To trip the breaker and the AVR, digital outputs for
both actions must be configured and the correct alarm action must selected. For example, the Trip breaker + AVR alarm
action.
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Digital output

Foncion 1o ype—Joes

When this output is configured it is possible to assign alarm actions that

[A-side] > AVR Digital
> Trip AVR output

trip the AVR.

Continuous

When an alarm with a Trip AVR action activates, the Trip AVR digital output

activates and stays activated until all alarms with a Trip AVR action are

resolved.

When the output is active, the controller pauses AVR regulation.

Trip AVR sequence diagram

2
Number of
(1) trip AVR
alarms [

4|—|—L

T. +“
@ e

To trip the AVR:

1.

Number of trip AVR alarms: The number of active
alarms with a Trip AVR (or similar) alarm action.

. Trip AVR: [A-side] > AVR > Trip AVR (digital

output). The controller activates this output until all
alarms with a Trip AVR (or similar) alarm action are
not active.

10.9 EMERGENCY genset controller protections

10.9.1 EMERGENCY genset controller protections

These alarms are in addition to the AC protections and other alarms for the controller.

During a blackout, the suppressed alarms are shown as Warnings.

Engine

Generator

Maximum parallel time

Emergency stop

Overspeed (2 alarms)
Under-speed (2 alarms)
Governor regulation error

Power ramp up error

Power ramp down error

Crank failure

Primary running feedback failure
Start failure

Stop failure

Engine stop (external)

Engine start (external)

Start enable removed during start
Total running hours notification
Trip running hours notification
Magnetic pickup wire break
Voltage or frequency not OK
AVR regulation error

EDG max. parallel time
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P load sharing failure

Load sharing

Q load sharing failure
GOV output selection failure
GOV output setup failure

GOV relay setup incomplete

Regulator configuration

AVR output selection failure
AVR output setup failure
AVR relay setup incomplete

+ Up to 3 non-essential loads per controller
e Can connect each controller to the same 3 non-essential load breakers

NEL # over-current (1 alarm for each non-essential load)

Non-essential load (NEL)

NEL # under-frequency (1 alarm for each non-essential load)
NEL # overload NEL 1 and 2 (2 alarms for each non-essential load)
NEL # reactive overload (1 alarm for each non-essential load)

EDG not ready for blackout

Other Forced to Manual mode

Trip AVR output not configured

10.9.2 Alarm actions

The EMERGENCY genset controller has the following alarm actions:

Warning

Block

PMS-controlled stop

Trip generator breaker

Trip tie breaker

Trip generator breaker and stop engine

Trip generator breaker and shutdown engine
Trip AVR*

Trip generator breaker + AVR *

Trip generator breaker + AVR + stop engine *
Trip generator breaker + AVR + shutdown engine *

NOTE * These alarm actions are only available if the Trip AVR digital output is configured.

10.9.3 Inhibits

Engine running Running detection is ON.

Engine not running Running detection is OFF.

Generator breaker closed The Generator breaker > Feedback > Closed digital input is activated.
Generator breaker open The Generator breaker > Feedback > Open digital input is activated.
Tie breaker closed The Tie breaker > Feedback > Closed digital input is activated.

Tie breaker open The Tie breaker > Feedback > Open digital input is activated.

Designer's handbook 4189341396C EN Page 348 of 489



Generator voltage present
No generator voltage
Generator frequency present
No generator frequency

EDG in parallel

Controller under SWBD control

EDG handling blackout

Engine stopping
Inhibit 1
Inhibit 2
Inhibit 3

10.9.4 Breaker alarms

The generator voltage is above 10% of the nominal voltage.

The generator voltage is below 10% of the nominal voltage.

The generator frequency is above 10% of the nominal frequency.

The generator frequency is below 10% of the nominal frequency.

The generator breaker and the tie breaker are closed at the same time.

The Mode > Switchboard control digital input is activated, OR a system problem forced
the controller under switchboard control.

The emergency genset is supplying power to the emergency busbar due to a blackout on
the main busbar.

The Inhibits > Activate inhibit 1 digital input is activated.
The Inhibits > Activate inhibit 2 digital input is activated.
The Inhibits > Activate inhibit 3 digital input is activated.

GB synchronisation failure

GB de-load failure

Vector mismatch

GB opening failure

GB closing failure

GB position failure

GB trip (external)

GB short circuit
GB configuration failure

TB synchronisation failure

TB de-load failure

Vector mismatch

TB opening failure

TB closing failure

TB position failure
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Breakers > Generator breaker monitoring > L. .
. . . Breaker synchronisation failure
Synchronisation failure

Breakers > Generator breaker monitoring > .
. Breaker de-load failure
De-load failure

Breakers > Generator breaker monitoring >

Vector mismatch Vector mismatch

Breakers > Generator breaker monitoring >

Orecmilng Fe e Breaker opening failure

Breakers > Generator breaker monitoring >

Clesing Fat e Breaker closing failure

Breakers > Generator breaker monitoring >

Position failure Breaker position failure

Breakers > Generator breaker monitoring >

Breaker trip (external)

Tripped (external)

Breakers > Generator breaker monitoring > L
Breaker short circuit

Short circuit

- Breaker configuration failure

Breakers > Tie breaker configuration >

Synehrensation fallmns Breaker synchronisation failure

Breakers > Tie breaker monitoring > De-load

, Breaker de-load failure
failure

Breakers > Tie breaker monitoring > Vector .
Vector mismatch

mismatch

Breakers > Tie breaker monitoring > Opening . .
. Breaker opening failure
failure

Breakers > Tie breaker monitoring > Closing

failure Breaker closing failure

Breakers > Tie breaker monitoring >

Breaker position failure

Position failure

Page 349 of 489



Breakers > Tie breaker monitoring > Tripped

TB trip (external) Breaker trip (external)

(external)

Breakers > Tie breaker monitoring > Short

TB short circuit . . Breaker short circuit
clrcuilt

TB configuration failure - Breaker configuration failure

Generator phase sequence

Generator > AC setup > Phase sequence error Phase sequence error
error

Busbar phase sequence error Busbar > AC setup > Phase sequence error Phase sequence error

More information
The Breakers, synchronisation and de-loading for breaker handling and alarms.

10.9.5 AC alarms

More information
See the Data sheet for the AC alarms for this controller type. See the AC configuration chapter for descriptions of
the AC protections.

10.9.6 Non-essential loads

You can connect up to three non-essential load trips (NEL) to the EMERGENCY genset controller. However, the NEL trips
are inhibited when either the generator breaker or the tie breaker is open.

NELs cannot be connected to the emergency busbar. The NELs must be connected to the section that the tie breaker
connects to.

If Non-essential load trip > Trip # > Settings > Trip when breaker trips is Enabled, then, if either the
generator breaker or the tie breaker trips, the controller activates the Non-essential load trip # output.

More information
See Non-essential loads for alarm information.

10.9.7 EDG not ready for blackout
This alarm is activated if the emergency genset is not ready to respond to a blackout.

The alarm is not activated under the following conditions:
e Harbour operation.
« Under switchboard control, with the engine running, the generator breaker closed and the tie breaker open.

Parameter

Local power management > Emergency generator > EDG not ready for blackout

S " S

Delay 1sto 3 min 7s*
Enable Not enabled, Enabled Enabled
Action Warning

NOTE *If the parameter Engine > Stop sequence > Extended stop isincreased, an engine stop can activate this
alarm. To avoid this, increase the EDG not ready for blackout > Delay too.

Designer's handbook 4189341396C EN Page 350 of 489



10.9.8 Emergency-main busbar maximum parallel time

This alarm is for the maximum time that the emergency genset may run in parallel to the main busbar. g Emergency

[ | load
The timer starts when the emergency genset is synchronised with the main busbar. The alarm action
is Trip tie breaker and the alarm is latched. ——
This alarm is ONLY present in the EMERGENCY genset controller. G [ ]
e ———

Local power management > Parallel timers > EDG max. parallel time

This alarm is disabled during the parallel test.

Delay 01sto1h 30.0s

Enable Not enabled, Enabled Enabled

10.9.9 Other EMERGENCY genset controller alarms

The following alarms are included on both the GENSET and EMERGENCY genset controllers:
« Emergency stop

e Primary running feedback failure
e Crank failure

o Start failure

« Engine started (external)

« Voltage or frequency not OK

o Stop failure

* Engine stopped (external)

e Overspeed

« Underspeed

o Start enable removed during start
o Total running hours notification

o Trip running hours notification

* Magnetic pickup wire break *

More information
* These alarms are in general Alarms and protections and the other alarms are in GENSET controller alarms.
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11. HYBRID controller

11 About the HYBRID controller

A HYBRID controller controls an inverter with power source, and the inverter breaker. A system can include a number of
HYBRID controllers.

The HYBRID controllers work together to ensure effective power management. Power Take Off (PTO) mode, running only
on the power source if needed and available, asymmetric load sharing with configurable constant discharge and genset
start if required. The HYBRID controller accepts Power Take In (PTI) and but does not control it.

The HYBRID controller only directly controls an inverter and the inverter breaker. It does not control or provide any
management of the actual power source, for example a Battery Management System (BMS). The customer must ensure that
the necessary management system for the power source is installed and approved, according to the applicable Maritime
classification societies.

Each HYBRID controller can control up to six heavy consumers (HC) and connect up to three non-essential load groups

i
( {

Example application with heavy consumers and non-essential loads

-

[

Busbar
em - O

[

A

Breaker \

P

Controller

Asset Inverter
| — —
L1 1 | L1 b |
~o

1111 HYBRID controller functions

Pre-programmed
sequences

o Inverter start sequence and inverter stop sequence
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Inverter modes

Counters

Control types

Control modes
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o Running detection (Digital input)

o Start inverter and/or stop inverter for inverter control
Breaker sequences

o Inverter breaker close sequence (with synchronisation).
o Inverter breaker open sequence (with de-loading).
Inverter breaker blackout close

Power Take Off (PTO)
o Supply power to the system alone or with gensets or other source.

o Asymmetric load sharing with configurable constant discharge and genset start if
required.

Power Take In (PTI)

o Recharge power source from the system.

Standby

o In standby mode, with breaker closed, the impedance of the inverter can ensure load
peaks are taken on the busbar. This is only possible if the inverter supports this
feature.

Display unit counters, to edit or reset

o Start attempts.

o Running hours (total and trip).

o Inverter breaker operations and trips.

o Power export (active and reactive).

o External breaker operations.

Energy counters with configurable digital outputs (for external counters)

o Power export (active and reactive).

o Power import (active and reactive).

Power management system (PMS) control

o AUTO mode

o Manual mode

Switchboard control

o Operator controls the system from the switchboard.
o Only the controller protections are active.

AUTO mode @

o Automatic power management, only in PTO mode.

o Automatic load-dependent inverter start & stop, only in PTO mode.

o Automatic synchronisation & de-loading, and breaker control, only in PTO mode.
Manual mode

o Operations only on operator command.

o Operator-initiated synchronisation and de-loading.

o Inverter start and stop with the start/stop push-buttons, and the breaker is controlled
by the close/open push-buttons.

o Display buttons for inverter start & stop, breaker open & close, and 1st priority.
Display unit push-buttons

o Change control mode (AUTO & Manual)

o Push-button functions also possible using inputs, PICUS, and/or Modbus

o Intuitive, one-touch sequences using the display unit for inverter start & stop, and
breaker open & close in Manual mode
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1.2 HYBRID controller principles
11.2.1 HYBRID controller nominal settings

The controller nominal settings are used in a number of key functions. For example, many protection settings are based on
a percentage of the nominal settings.

Inverter > Nominal settings > Nominal settings # *

Voltage (V) 10.0 V AC to 1.5 MV AC The phase-to-phase ** nominal AC voltage for the inverter.

Current (I) 1.0 Ato 9 KA The maX|mlfm current flow |n'one phase (that is, L1, L2 or L3) from the
inverter during normal operation.

Frequency () 20.00 t0 100.00 Hz The system nominal frequency, typically either 50 H; or 60 Hz. All the
controllers in the system should have the same nominal frequency.

Power (P) 1.0 kW to 900 MW The nominal active power may be on the inverter nameplate.

Apparent power (S) 1.0 kVA to1GVA The nominal apparent power should be on the inverter nameplate.

Power factor (PF) 0.6000 to 1.0000 The power factor should be on the inverter nameplate.

NOTE *#is1to 4.
NOTE **In a single-phase set up the nominal AC voltage is phase-to-neutral.

Calculation method

Inverter > Nominal settings > Nominal settings # > Calculation method *

Q nominal calculated
Reactive power (Q) nominal Q nominal = P nominal
Q nominal = S nominal

No calculation
P or S nominal P nominal calculated
S nominal calculated

NOTE *#is1to 4.

More information
See Nominal power calculations for how these are used and calculated.

Busbar nominal settings

Busbar > Nominal settings > Nominal settings # > Voltage (V) *

Use generator nominal voltage:

Use generator nominal ¢ The phase-to-phase nominal voltage for the busbar is the same as the
voltage inverter nominal voltage.

User defined User defined:
* You can configure the phase-to-phase nominal voltage for the busbar.

Nominal value

source

10.0 V AC 10 1.5 MV The phase-to-phase nominal voltage for the busbar. If there are no
Voltage (V) ** AC; ’ transformers between the inverter and the busbar, the nominal voltage for the
busbar will be the same as the nominal voltage for the inverter.

NOTE *#is1to 4.
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NOTE ** The Nominal value source must be configured as User defined and written to the controller, for the
nominal voltage setting to be visible.

11.2.2 Start inverter or stop inverter

Digital outputs

T R 7

Requests the inverter to start using the configured inverter start

Inverter > Controls > Start Digital output Pulse
sequence.

Requests the inverter to stop using the configured inverter stop

Inverter > Controls > Stop Digital output Pulse
sequence.

11.2.3 Running detection
The controller uses digital running detection to receive inverter running feedback.

Running detection is a state calculated by the controller, and used by a number of functions. It is either OFF or ON. If digital
running detection shows that the inverter is running, then Running detection is ON.

Digital input

e I N

Inverter > Feedback > Digital running

detection Digital input Continuous Required to show the inverter is running.

s Example: Running detection ON

\ A

The following sequence diagram is an example of how Running detection changes during an inverter start. Running
detection changes from OFF to ON when running feedback detects that the inverter is running.

. 1. Startinverter: Request to start the inverter.
1. Start inverter

2. Inverter running: The inverter starts running after the start
request.

3. Digital running detection: Inverter > Feedback >
2. Inverter running Digital running detection (digital input).

4. Running detection: Running detection changes from OFF to
ON.

3. Digital >
running detection

4. Running detection

e Example: Running detection OFF

I X

The following sequence diagram is an example of how Running detection changes during an inverter stop. Running
detection changes from ON to OFF when running feedback detects that the inverter is not running.
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) 1. Stop inverter: Request to stop the inverter.
1. Stop inverter

2. Inverter running: The inverter stops running after the stop
request.

3. Digital running detection: Inverter > Feedback >

2. Inverter running Digital running detection (digital input).

4. Running detection: Running detection changes from ON to
OFF.

3. Digital ~>
running detection

4. Running detection

11.2.4 Regulation
The HYBRID controller regulates the inverter only in PTO mode.
11.2.5 Power management

The HYBRID controller works together with the other controllers in the system to provide efficient power management. This
includes blackout prevention and blackout recovery.

More information
See Power management for how power management works and is configured.

11.2.6 HYBRID transition modes
The HYBRID controller can change mode based upon ready * request, and running digital inputs.

Digital inputs

e L i

Required to show the inverter is ready for PTO

Power management > PTO ready Digitalinput Continuous
mode. *

L . Required to show the inverter is ready for PTI
Power management > PTI ready Digitalinput Continuous 9 y

mode. *
Power management > Standby L . Required to show the inverter is ready for Standby
. Digital input  Continuous
ready (Hybrid) mode. *
Power management > PTO L. . .
Digital input  Pulse Required to request mode change to PTO mode.
request
Power management > PTI L. . .
Digital input  Pulse Required to request mode change to PTI mode.
request
Power management > Standby A Required to request mode change to Standby
. Digital input  Pulse
request (Hybrid) mode.
Power management > PTO R . Required to show the inverter is running in PTO
. Digital input  Pulse/Continuous 9 9
running mode.
Power management > PTI L . Required to show the inverter is running in PTI
. Digital input  Pulse/Continuous 9 9
running mode.
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NOTE * The Ready input is optional, but if the ready input is configured, it must be active before a request can be made.

PTO parameters

Local power management > Hybrid modes > PTO (power take off) > Configuration

Acknowledge pulse length 0to 3600 s

Local power management > Hybrid modes > PTO (power take off) > Request failure

Delay 0to 3600 s 30s
Action Warning
Latch Not enabled, Enabled Enabled

Local power management > Hybrid modes > PTO (power take off) > Acknowledge timeout

Delay 0to 3600 s 30s
Action Warning
Latch Not enabled, Enabled Enabled

PTI parameters

Local power management > Hybrid modes > PTI (power take in) > Configuration

Acknowledge pulse

length 0to 3600 s 1s

PTI sequence is similar to Heavy consumer (HC) sequence. When

Nominal load 0 to 1000000 kW 0O kW  requesting PTI mode the nominal load has to be available on the
busbar before the acknowledgement is given.

Local power management > Hybrid modes > PTI (power take in) > Request failure

Delay 0to 3600 s 30s
Action Warning
Latch Not enabled, Enabled Enabled

Local power management > Hybrid modes > PTI (power take in) > Acknowledge timeout

Delay 0to 3600 s 30s
Action Warning
Latch Not enabled, Enabled Enabled
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Standby parameters
Local power management > Hybrid modes > Standby > Request failure

Delay 0to 3600 s 30s
Action Warning
Latch Not enabled, Enabled Enabled

Local power management > Hybrid modes > Standby > Acknowledge timeout

Delay 01to 3600 s 30s
Action Warning
Latch Not enabled, Enabled Enabled

Digital outputs

e S S S

Power management > PTO

Digital output  Pulse Activates when conditions for transition are OK.
acknowledge
Power management > PTO active Digital output  Continuous Act.lvates when PTO mode is successfully
activated.
Power management > PTI L. 3 . .
Digital output  Pulse Activates when conditions for transition are OK.
acknowledge
Power management > PTI active Digital output | Continuous Act.|vates when PTI mode is successfully
activated.
Power management > Standby . . . ..
. Digital output  Pulse Activates when conditions for transition are OK.
acknowledge (Hybrid)
Power management > Standby active .. . Activates when Standby mode is successfully
. Digital output Continuous .
(Hybrid) activated.
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Transition from Standby to PTO

1. 1. The controller receives a PTO request while in
Standby mode.

Transition from
Standby to PTO

N

. The controller checks if the PTO ready input is
configured:

 The PTO ready input is optional, but if the
ready input is configured, it must be active
before a request can be made.

Is PTO

ready input

configured?

« If this is not configured the controller skips
the ready input check.

3. The controller checks if the PTO ready input is

o [If the PTO ready input is not active:

o The controller displays an information
message.

ready input for
PTO active?

Info message

o The controller activates the alarm PTO
request failure.

Info message 4. The controller checks if any blocking alarm is

active: *
o If there is a blocking alarm:
5. o The controller displays an information
message.
Acknowledge g .
PTO 5. The controller activates the PTO acknowledge
digital output.
- 6. The controller checks if the PTO running input
6. X is active and starts the acknowledge timer:
PTO Akt « |If the acknowledge timer expires and the
roodback? tirsefz\:p?re%% PTO running input is not active, a PTO
acknowledge timeout alarm is activated.
Ves 7. The controller activates the PTO active digital
7 v output.
PTO active **
i
END

NOTE * Blocking alarms are PTO request failure or PTO acknowledge timeout.
NOTE ** PTO running state is independent of the inverter running state and the inverter breaker state. If the HYBRID
controller is in AUTO mode if will now start and stop load depending after priority.
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Transition from Standby to PTI

Transition from
Standby to PTI

Is PTI
ready input

ready input for

BT active? Info message ALARM
Ives

No

Info message

Is reservation
of PTI nominal load
possible?

Is
available
power OK?

PTI Nominal

R
higher than 0 kW? equest

timer expired? " No

Acknowledge
PTI

9. Y

PTI
running
feedback? No

Acknowledge
timer expired?

Yes
10. v

ALARM
PTI active

END

The controller receives a PTI request while in
Standby mode.

. The controller checks if the PTl ready input is

configured:

o The PTlready input is optional, but if the ready
input is configured, it must be active before a
request can be made.

« If the PTlready input is not configured then the
controller continues from step 4.

. The controller checks if the PTl ready input is

active.
o If the PTlready input is not active:

o The controller displays an information
message.

o The controller activates the alarm PTI
request failure.

. The controller checks if any blocking alarms are

active: *
o |If there is a blocking alarm:

o The controller displays an information
message.

. The controller checks if reservation of the PTI

nominal load is possible:
e If the nominal load cannot be reserved

o The controller displays an information
message.

o The controller activates the alarm PTI
request failure.

. The controller checks if the PTI nominal load is

higher than 0 kW:

o If PTI nominal load is not set higher than 0 kW,
then the controller continues from step 8.

The controller checks if there is enough available
power:

« If there is not enough available power, the
controller starts DGs or HYBRIDs and starts a
request timer.

o If request timer expires, or there is a start
failure or failure to reserve, the controller
activates the alarm PTI request failure.

. The controller activates the PTlI acknowledge

digital output.

. The controller checks if the PTI running input is

active and starts the acknowledge timer:

o If acknowledge timer expires and the PTI
running input is not active, the controller
activates the alarm PTl acknowledge timeout.

. The controller activates the PTI active digital

output.

NOTE * Blocking alarms are PTI request failure or PTl acknowledge timeout.
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Transition from PTO to Standby

1.
Transition from
PTO to Standby

Is Standby
ready input
configured?

2

input f
ready input for Info message

Standby active?

blocking alarm Info message

active? *

Is inverter
stopped or
breaker open?,

Is power
OK?

Yes Yes

No available No

Is other
DG/HYBRID
ready to start? No

Yes

Is power
available
OK?

Yes

Regulate power
towards 0 kW

Is
power within
open point?

Acknowledge
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12

Standby

PTO
running
feedback?

Acknowledge
timer expired?

Standby active

(o)

10.

M.

12.

The controller receives a Standby request while in
PTO mode.

. The controller checks if the Standby ready input is

configured:

* The Standby ready input is optional, but if the
ready input is configured, it must be active
before a request can be made.

« If this is not configured the controller skips the
ready input check.

. The controller checks if the Standby ready input is

active.
« [f the Standby ready input is not active:

o The controller displays an information
message.

o The controller activates the alarm Standby
request failure.

The controller checks if any blocking alarm is
active: *

« If there is a blocking alarm:
o The controller displays an information
message.
The controller checks if the inverter is stopped or
the breaker is open:
o If the inverter is stopped or the breaker is open,
the controller continues checking from step 11.
The controller checks if there is enough available
power.
« If there is enough available power the controller
continues checking from step 9.
The controller checks if the other DG/HYBRID
ready to start.
o [f the other DG/HYBRID is not ready to start:

o The controller activates the alarm Standby
request failure.

. The controller checks if there is enough available

power and starts the request timer:

o If request timer expires or there is not enough
available power:

o The controller activates the alarm Standby
request failure.

The controller starts to deload and regulate
towards 0 kW.

The controller checks if the power is within the
breaker open point:

o If request timer expires and the power is not
within the breaker open point:

o The controller activates the alarm Standby
request failure.

The controller activates the Standby acknowledge
digital output.

The controller checks that the PTO is not running
and starts the acknowledge timer:

Page 361 of 489



NOTE

Transition from PTO to PTI

1.
Transition from
PTO to PTI

Is PTI
ready input
configured?

teady input for

PTl active?

Is PTI Nominal
higher than 0 kW?

or inverter
stopped?

Is reservation of
PTI nomial
load possible?

Info message

Is power
available
OK?

Request
timer expired?

Regulate power
towards 0 kW

Is
power within
open point?
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Acknowledge
PTI

X

Request
timer expired?

PTI
running
feedback?

In PTI

Acknowledge
timer expired?,

« [f the acknowledge timer expires or PTO
running remains active:

o The controller activates the alarm Standby
Acknowledge timeout.

13. The controller activates the Standby active digital

output.

* Blocking alarms are Standby request failure or Standby acknowledge timeout.

The controller receives a PTIl request while in PTO
mode.

. The controller checks if the PTl ready input is

configured:

o The PTlready input is optional, but if the ready
input is configured, it must be active before a
request can be made.

« If this is not configured the controller skips the
ready input check.

. The controller checks if the PTl ready input is

active.
o If the PTlready input is not active:

o The controller displays an information
message.

o The controller activates the alarm PTI
request failure.

. The controller checks if any blocking alarm is

active: *
o |If there is a blocking alarm:

o The controller displays an information
message.

The controller checks if the breaker is open or the
inverter is stopped.

o If the breaker is open or the inverter is stopped,
the controller continues checking from step 11.

. The controller checks if the PTI nominal is higher

than O kKW:

e If PTI nominal load is not higher than 0 kW, then
the controller continues on step 9.

The controller checks if reservation of the PTI
nominal load is possible:

o If the nominal load cannot be reserved:

o The controller displays an information
message.

o The controller activates the alarm PTI
request failure.

. The controller checks if the available power is OK

and starts the request timer:

« If the request timer expires or there is a start
failure or failure to reserve:

o The controller displays an information
message.

o The controller activates the alarm PTI
request failure.
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9. The controller starts to deload and regulate
towards 0 kW.

10. The controller checks if the power is within the
open point:

o If the request timer expires and the power is not
within open point:
o The controller activates the alarm PTI
request failure.

11. The controller activates the PTl acknowledge
digital output.

12. The controller checks if the PTI running input is
active and starts the acknowledge timer:

« If the acknowledge timer expires and the PTI
running input is not active:

o The controller activates the alarm PTI
Acknowledge timeout.

13. The controller activates the PTI active digital
output.

NOTE * Blocking alarms are PTI request failure or PTI acknowledge timeout.
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Transition from PTlto PTO

Transition from
PTl to PTO

Is PTO
ready input
configured?

ready input for
PTO active?

Info message

Is power
within breaker
open point?

Acknowledge
PTO

X

Request
timer expired?

7. Y
PTO

running
feedback?

Yes
8. v

PTO active

A J

END

Acknowledge
timer expired?

A

The controller receives a PTO request while in PTI
mode.

. The controller checks if the PTO ready input is

configured:

e The PTO ready input is optional, but if the
ready input is configured, it must be active
before a request can be made.

« If this is not configured the controller skips the
ready input check.

. The controller checks if the PTO ready input is

active.
o [f the PTO ready input is not active:

o The controller displays an information
message.

o The controller activates the alarm PTO
request failure.

. The controller checks if any blocking alarm is

active: *
o |If there is a blocking alarm:

o The controller displays an information
message.

. The controller checks if the power within the

breaker open point:
o If the power is not within the breaker open
point:
o The controller activates the alarm PTO
request failure.

. The controller activates the PTO acknowledge

digital output.

The controller checks if the PTO running input is
active and starts the acknowledge timer:

« If the acknowledge timer expires and the PTO

running input is not active, a PTO acknowledge
timeout alarm is activated.

. The controller activates the PTO active digital

output.

NOTE * Blocking alarms are PTO request failure or PTO acknowledge timeout.
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Transition from PTI to Standby

1. 1. The controller receives a Standby request while in
Transition from PTI mode.
PTl to Standby 2. The controller checks if the Standby ready input is
configured:

+ The Standby ready input is optional, but if the
ready input is configured, it must be active
before a request can be made.

Is Standby
ready input
configured?

« If this is not configured the controller skips the
ready input check.

3. The controller checks if the Standby ready input is
active.

ready input for

Standby active? Info message

« [f the Standby ready input is not active:

o The controller displays an information
message.

o The controller activates the alarm Standby

request failure.
4. The controller checks if any blocking alarm is
active: *

« If there is a blocking alarm:

blocking alarm

o The controller displays an information
message.

5. The controller checks if the power is within the
open point and starts the request timer:

power within
open point?

Request
timer expired?

o If the request timer expires and the power is not
within the open point:

6. o The controller activates the alarm Standby
request failure.
Acknowledge
Standby
6. The controller activates the Standby acknowledge
< digital output.
7.

7. The controller checks that PTI is not running and
starts the acknowledge timer:

PTI running
feedback?

Acknowledge

timer expired? » If the acknowledge timer expires and the PTI

running remains active:

o The controller activates the alarm Standby
Acknowledge timeout.

8. The controller activates the Standby active digital
Standby active output.

v

END

NOTE * Blocking alarms are Standby request failure or Standby Acknowledge timeout.

11.2.7 Load sharing

When a HYBRID controller is in PTO mode and under PMS control, it shares the load with other DEIF controllers using the
DEIF network.

More information
See Load sharing for how it works and is configured.
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11.2.8 Ready for operation

The inverter associated with a HYBRID controller is ready for operation when the following conditions are met:
« There are no alarms blocking the start.
e« The HYBRID controller is in PTO mode and in PMS control.

11.2.9 AC configuration

More information
The AC configuration and nominal settings chapter describes the AC configuration in general.

The following table shows how the general AC configuration description applies to the HYBRID controller.

Inverter [A-side]

Busbar [B-sidel]

11.2.10 Breaker configuration

More information
The Breakers, synchronisation and de-loading chapter describes breaker configuration in general. For the HYBRID
controller, replace "[Breaker]" with "Inverter breaker" in these descriptions.

1.3 Inverter start
1.3.1 Inverter start function

The controller software includes a pre-programmed inverter start sequence. For the inverter's start function, you must
configure these inputs and outputs, and parameters.

More information
See Start failure for how the inverter start alarm works, and how to configure it.

Controller modes

In AUTO and Manual mode, the HYBRID controller uses these inputs and outputs, and parameters to start the inverter. See
the following sections for the inverter start flowcharts and sequences.

When the operator starts the inverter in switchboard control, the HYBRID controller is not involved. These sequences do not
apply to starting an inverter in switchboard contro