1 Description Fault protection systemfor a power system of dynamically
positioned vessel 5 Field of the inventjion The invention relates to a fault
protection system of a power system of a dynam cally positioned vessel, to
a power system 10 of a dynamically positioned vessel and to a method of
operating a fault protection system of such power system Background 15

Fl oat i ng negssals,isuch as sem subnersibles, drill ships, floating
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in wh?ch an increased risk of oil pollution, loss of life, collisions or
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kept for mnimzing these 25 risks. Integrity and failure safe operation of

t he power system which supplies electric power to the thrusters of the dy-
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power system of t he dynam cal | y positioned vessel, the power system needs
to be splyaudgargeveral sections, e.g. 2 to 4, in such high risk node of
operation. Each section of the pow 2 er systemis located in a separate
engi ne room the engine roons being isolated with fire proof and water
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t hr ust ers a systemw t t hree sections, ree, four
or driven propellers, i.e. electric thrusters, to keep pOSlthD

20 during oil and gas drilling operations, station keeping, an-
choring, port maneuvering and the like. For certain types of
operations, in which an increased risk of oil pollution, loss
of life, collisions or the like exists, it has to be ensured
that the position of the vessel is kept for minimizing these

25 risks. Integrity and failure safe operation of the power sys-
tem which supplies electric power to the thrusters of the dy-
namically positioned vessel are thus of particular impor-

tance.

30 The wvessels can be classified into different classes, such as
DP2 (dynamic positioning 2), DP3 or the like. High risk op-
erations such as drilling operations or the approach of other
vessels may for example require a certain mode of operation
for a particular vessel class. To ensure that a malfunction

35 of a component does not lead to a complete blackout of the
power system of the dynamically positioned vessel, the power
system needs to be split into several sections, e.g. 2 to 4,

in such high risk mode of operation. Each section of the pow-



10 nore engines will be running nost of the time, the nunber increasing
with the nunber of sections. The engines will generally run at relatively
| ow power out- put, wherein the speC|f|% fuel consunption of these engi nes
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t he pomercégsb@n¢iqgtEM%@%ly connected S0 that for example only two

generators need to be operated, each at a higher load.

20
Besides the increased fuel consumption and C02 emission, run-
ning several engines in parallel with reduced load can fur-
ther result in soot accumulating in the combustion chanmbers,
increased operating hours for the generator sets and thus

25 higher costs of maintenance. Since the engines will run most

of the time, the blackout risk is also increased.

Operating such system with interconnected power system sec-
tions, i.e. with connected bus ties, is generally not possi-
30 ble since a fault, such as a short circuit or generator fail-
ure, will generally result in a total blackout of the ves-
sel’s power system. Such blackout will result in a loss of
position of the vessel, which can be detrimental; it can re-
sult in an o0il spill or the loss of life. This is for example
35 caused by a propagation of the fault within the power system,
so that when bus ties are connected, a fault in one section
of the power system will lead to the tripping of components,

e.g. generators and thrusters, in other sections of the power



Accordingly, there is a need for inproving the fault tol erance and
integrity of power systenms of dynam caliy positioned vessels, and in
particular to reduce or prevent fault propa- 20 gation in such systens.
This need is net by the features of the independent clains. The dependent
cl ainms descri be enbodi nents of the invention. 25 An enbodi nent of the
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comuni ¢ &E¢H TSk & Idande F A it iotierd i Oie rigMessr L thean otleet $afe rebays
bei ng corfdaguiced Jd0 texChangse idifrdmti on via said communication |inks. The
protection relays are configured to provide at |east a generator protec- 10
tion zone including the generator circuit breaker and a generator, the
prot¥xeti smmrelray coupled to the generator circuit breaker being configured
to provide a differential protection for the generaLor, d bus tie
protection zone including the bus tie breaker, the bus tie and a further
bus tie Brceakerinmg ywi ahsirech 2 lve rmed tfer i npoepied thoe t fizubt heolbus
subsect i wWhgl£i; ; i jpé)dg% i are
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br eak@r s geauplred it Gudre duss st~ 20 section, the protection relays coupl ed
to these circuit breakers being configured to provide a differenti al
protection for the bus subsection. Accordingly, if by neans of the

di ff er enflihdls pretedts ortprgs 2 faadifor ¢hetlth fietemndomeselaifault is

detected h i r. Y. &an td i gaer,t i rcuit, breakers. (CBs)
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triggeredsn QRi&RARS FARHANGRIh T RIRIgrdPBdes a fault protection

system of a power system of a dynamically positioned vessel,
wherein the power system comprises a power distribution bus
comprising three or more bus subsectiocns, electric connec-
tions including bus ties which connect the bus subsections in

30 a ring configuration and circuit breakers connected between
the bus subsections to break the electric connections. For at
least one of said bus subsections, the fault protection sys-
tem comprises a generator circuit breaker for coupling a gen-
erator to the bus subsection, one or more feeder circuit

35 Dbreakers for coupling one or more loads to the bus subsec-
tion, a first circuit breaker via which a first end of the
bus subsection is connected to a bus tie, said bus tie pro-

viding the electric connection to another bus subsection in



30 fected and can continue to operate. The fault |ocation may thus be
detected automatically, and the tripping of the whol e subsection of the
power system can be prevented. As an exanple, if the generator protection
zone is tripped, a load in formof a thruster coupled to the same bus
subsection can re- 35 nmain operational and can be supplied with electric
power from a_ nei bus. subs bus. t
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Accordingly, if by means of the differential protection pro-
295 vided for the different zones, a fault is detected, the pro-
tection relays can trigger the circuit breakers (CBs) within
the respective zone and can thus isolate and clear the fault
fast and efficiently. Since the circuit breaker(s) within the
zone is/are triggered, other zones can largely remain unaf-
30 fected and can continue to operate. The fault location may
thus be detected automatically, and the tripping of the whole
subsection of the power system can be prevented. As an exam-
ple, 1f the generator protection zone is tripped, a load in
form of a thruster coupled to the same bus subsection can re-
35 main operational and can be supplied with electric power from

a neighbouring bus subsection, e.g. via a bus tie.



tion zone based on the determned currents and/or on informa- tion received
via a respective communi cation link. Ifsno fault exists in the protection
zone, the currents entering and | eaving the protection zone should be
equal . Each protec- 5 tion relay within the protection zone nay be
configured to nmeasure the current through the associated circuit breaker.
Vi g tEe (I(m_mﬁlmnidﬁ:&idd}imeld%ﬂ]klf‘aadmfdlrhﬂfﬁiﬂtorbﬁh_klelle iCsJI’d’cQI]ilﬁ‘et??afg) kenexcha dn?ed,
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send a tAnggér ssipelmend: t vk didrat 1eratt elidn vl hyiss i ttimistiesr zone for
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performed hy the protection rel ah%ls by means of current transfornmers (CTs).
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t he bus subsections may for example be connected by mesans of the
25 bus coupler, and they may form a bus section. A bus section
may be formed by 2, 3 or more bus subsections. The power sys-
tem may comprises plural bus sections, e.g. 3, 4, 5 or more,
which may be connected in the ring configuration by the bus
ties. Bus sections may be provided in different rooms of the
30 vessel and separated by fire proof walls. Accordingly, the
power system can remain operational even if a klackcut of a

complete bus section should occur, for example due to a fire.

In an embodiment, for providing the differential protection,
35 the protection relays coupled to the circuit breakers in the

respective protection zone can be configured to determine the

magnitude of the currents entering and leaving the protection

zone and to determine whether a fault exists in the protec~



15 associated circuit breaker via the comrunication links. The relays
coupled to the generator circuit breaker, the first circuit breaker and the
second circuit breaker may for exanple be confi gured to trip these circuit
breakers if a) 20 the current directions at the measuring points of these
rel ays are pointing to the bus subsection, or b) the first circuit breaker
or the second circuit breaker are open and the currentq’/dr rection_at the
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of the | o&dlsh- bl ocking signal is provided by said protection relay to a 20
protection relay coupled to an upstreamcircuit breakers, in particular to
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protectlon re
25 fails or does not trigger. By means of the directional pro-

tection, the particular configuration of the power system and
the common operational modes can be taken into account, and
the tripping can be restricted to the circuit breakers that
are necessary to clear the fault, i.e. a high degree of se-
30 lectivity becomes possible. Accordingly, other components of
the power system not affected by a fault can remain opera-

ticnal.

The corresponding relays may for example comprise a direc-
35 tional logic, which is capable of determining the direction
of current flow, e.g. through the associated circuit breaker.

Voltages at each side of the circuit breaker may be consid-



30 lay of the feeder circuit breaker to the upstream protection relays via
the communi cation As an exanple, the feeder circuit breaker (CB) protection
re- lay may send the bl ocking signal to a bus coupler circuit 35 breaker,
whi ch may be a master circuit breaker to prevent the tripping of the whole
bus subsection, or to tech of the relays coupled to the upstreamcircuit

br eaker segkqdt H@rblﬂ,&lsub&Q@bls@D v‘dp.%ta@%al?ﬁhri&é&%nldést e ydifloec ex@mpliewieds a
current 9 sour ener at or another bus subsection. In

parti cul g‘??‘sf’lﬁggef%y%%efﬂ%néﬁg & plcél&rte(li’tt ﬁiéLrﬁL? *SUsection ot her than

the feeder CBs. 5 The upstream prot ectl on relay(s) may be configured to

trip thein assaclatod.cliaull Breshenn alian aubLeddiern aodagaun, of i m

even if recerving the b ock o t hat S not able
to cl¥ear mtaﬁebfea@mfl@héealpépr @&I’h@(ﬂtr et d;rr@o;ﬁé@ é?rfe thrur@g@d Wy ovwsEns  of

the direghio B%ls o@rltateao Aigeliion brmlk%rdealr@y oS £ (£ QHS & J rgeft dchan t3
within which the feeder CBis tripped. In sone enbaodi nents, t3 nay be equa

or snal | EEYEHAR PEGREST] Als GRS CGUICRt iDL ETTh S YTSAt 1ty Gristdide a | ow
vol t age breb¥erdissttiububifoRwsystedr Ble duiat ettd=r relap cauped-dyo the
feeder circuit breaker f r t he h%_/)distri utlon%ster%%an be conrf uredto

trip thid G8-w ﬁegpﬁg dger M Yper°6d,° < H € 300ms
< t3& SQQmeenThi(ihwa)ya,ghdm@starsmiammmm Hraadk eaniouigh athcmaa 0 tri p

and to t heraly A0 Clear (hhe (il bioisg (hAl LhdiGlIpi g LY. st i but i on

syst em can st ay cénnected to us "su 0SS essenti al
consuner Sreayerhig yoelepeage sredhe ﬂ%ﬁ%&mmloq hellpr gtestg G- el ays

are conf b%rt%d;tt&n%etlbly% e G Qs iRfaakens o add m%{@lqnaﬁﬂit&n n a
first tripping tinme tl after "detection of a fault usi sai d fferentlal
prot ect i 67 13&Ad% & rtlhﬁ e TEN e 0 1 S5 AR PO L duhI ﬁ%@rté{% %J‘

secon® t mispRIcIG tEdTe: itrdudfit ercdgdeactiion tofe adra@ulrii disd ingh Skairck«li rectn onal
protection, wherein the 30 first tripping tinme tl is smaller than the
second tripping time t2. The directional protection may thus be provided as
a back- u;ThfeorretlIaQ’Sbu@wzil@si tche NeugysgcmupEiterr anid et Buseasiubsection. t1 and

t2 my faf lr%a il o) 20 ANgR e ARHICARAM . B Lo aRAYL ZO0NS.
example be configured to trip these circuit breakers if a)

20 the current directions at the measuring points of these re-
lays are pointing to the bus subsection, or b) the first cir-
cult breaker or the second circuit breaker are open and the
current direction at the respective other end of the bus sub-
section is pointing towards the bus subsection, or c¢) the

25 current and voltage at the first circuit breaker cor the sec-
ond circuit breaker are below predetermined thresholds, i.e.
the respective circuit breaker is de-energized, and the cur-
rent direction at the respective other end of the bus subsec-
tion is pointing towards the bus subsection. As mentioned

30 above, the current detected by the respective protection re-

lay also needs to be above the threshold for tripping.

As an example, the relay coupled tc the second circuit
breaker, e.g. the bus coupler circuit breaker, may be a mas-
35 ter relay and may comprise a trip logic for each of the two
bus subsections connected via this second circuit breaker.
Depending on the information provided by the other relays of

the respective bus subsection, the master relay can the issue



35 100nms, and the time t2 may be shorter than 150ns. 10 tion, wherein the
feeder circuit breaker is tripped if the respective protection rel ay
detects a current in the feeder that i< above a pr edet er mi ned t hreshol d.
Accordingly, if there is a fault downstreamat a |load, the fault can be 5
cleared fast and efficiently wthout tripping further conponents coupled to

t he bus subsection. - The protection rela s cou eg) he ol nor e f eeder
cir- cui & Bréak p‘fiﬁvrtd?elpé”d}gr &neec- 10 tion.

| f such phet eatHan el ayudeiecian.a current above t he threshol din the
direction of the load, the respective feeder circuit breaker is tripped
wthin a predeterm ned tripping tine t3 after the detection of a fault, and
i f the prTotee gt coreatellcay wheltagct Gnas wur nentaabovaira dcurichdme agsisl d in the

e 18 Versto iy SHLan. g, 14 Whe.direaid an Loyands dhe dus,aub-inect i on

ther Spective Is tripped vvrthrnapredetermned
tri ppi ng piateatdiathixshld s damyerd tﬁfbrﬂt@reﬁt?ﬁtpﬁilﬁﬁ“ﬂtrré)lie? kegondBtuent | y,

in the seqond,caser the systemal iy dihgsdauldn)t Qari?tﬁ veleared-atreanot her

position 20 wthout tripping the | oad ﬁersateo }HP . a fault |na

gener at orSHARA I R A §EVEE & Thit¥ TURIFT He® 1048 T deder ™ SrHe del & aye

tri ppi ng fhdhedeeasertKB §éddms khhse fumddcttiohe cl ear ed by tripping the

generator wthout tr t he , uppl i ed
E& e&}}e%ejﬂbv%a}lc%g%sr e re dlS ACGOF d%ﬁgg & sddif I'Prﬁd 1Cf3‘rt B!

with anot r generator via anot bus section
and t hus i@y roperatimnadgidhicr i theaftisularg ;S‘Btﬂfeﬁlcqfaldef’fcﬁcﬂsoﬁs in

the formqf, Lir {s 4 hy st efise GAN-GRNtd e, 110 wRenate, and
t he vesse caér."( Ejzéeel %qjéygirst?gghéfg% Thﬂeﬁ%r me t3 m belsholrter t.han 200

ns, pref @%I@l%rQbﬁC%%rbrl%ﬁ?%r MM ERFEIILFHOR (T TR SR rever se
current flow may be between about 150 ns and about 400ns, preferably

bet ween about 250nms and 350 35 The rot gction rel ays, may he. configured
to tllﬁp tHe Qﬂf?@?%ﬁlﬂtrﬂ%ﬁtpﬁg{%&lf%me% lﬁay% S SYeg By Qe Il

rectrona protec i on
for the husrsubseidt onitdui? }?réékémtmrmmlmgiir@rfalml exder— CB

current protection, wherein, if such protection relay detects
a current above a threshold in the direction of the load, a
blocking signal is provided by said protection relay to a

20 protection relay coupled to an upstream circuit breakers, in
particular to the a protection relay coupled to the first
circuit breaker, the second circuit breaker and/or the gen-
erator circuit breaker, to block these protection relays from
Lripping these circuit breakers, and the respeetive feeder

25 circuit breaker is Lripperd within a predetermined tripping
time t3 after detection of a fault. The tripping of circuit
breakers can thus be kept to a minimum and the power system
can stay operational with a maximum of components. Such
blocking signal may for example be send by the protection re-

30 lay of the feeder circuit breaker to the upstream protection

relays via the communication

As an example, the feeder circuit breaker (CB) protection re-
lay may send the blocking signal to a bus coupler circuit

35 breaker, which may be a master circuit breaker to prevent the
tripping of the whole bus subsection, or to tech of the re-
lays coupled to the upstream circult breakers of the bus sub-

section. Upstream means in the direction towards a current



protection relays), the over-current protection for loads 11 (feeder CBs)
int3 >1ti, the over-current protectiomfor loads with current in reverse
direction with t4 > t3 and the directional protection for the bus ties
within a tinme larger than ti, e.g. simlar to t4. 5 In an enbodi nent, the
fault protection systemmy further conprise a breaker failure detection

syst em Wickfxdes, cionf i guged-d0 ade;te&cetraiﬁma & ranbthdar Qakcersdk&ielceﬂdm br eak
the elec-_tric con ectlo after e prote |onrel ucglleqatotl%e 10
circuit Bredidr TP Hbao‘/ ?1 %e D A \traul in'case of

det ect i ngesucihorf amﬂhme,tktam t1rhep foreedcar G e ot her ci rcwt breakers to clear
t he fault The functionality of the breaker failure detection system may be
termed ' breaker failure protection'. The fault can thus be cleared even if
a CB 45 fHdid wresti s a5t aventecaimn aclonpl ®t andy dek gean fofgurd ponerr iy st em can

be prevented. . Theshreakes daidure welocdon syst empmyade: agdapied to detect

the failure of the circuit breaker by detecting a f]ow of 20 current
t hr ough EFROWHY @ (TR KD o T ByF SRt Bl T nghe el QEatME DF9%%e i cuiat
breaker. ikhe.rsd atdisaof dmel €idewidbbs eakeslamanshd h@éum i shedlaieet ©ehm

whet her the CB | 9 ned or close dete i,n he 05|t| n of t he
el enent %ﬁf)es?sngalf%e E?:%ftbqy 'Ilﬂ%an%f% ?q (%1 lon?fl ‘Comand
25 was |s:~msﬁufmr 1hies clelay tidbredkerucsa b@n@@tathr@d by \@D’trﬁmumndammn from
t he associ.at i 0 or the breaker failure protection

: gllhf‘e[ &L DAD e&é o ﬁﬁgn? ; ;

function y may edlrec egrated into the protection relay
associ at ed with the respective CB. 30 The breaker failure detection system

may for exanpl g bgusstaphed 40 €3 arg tﬂS@ é@&l&i bf' thel fof | onamgz sihyat i ons:
i f theflrst circuit_ breaker falle gtrl a bus ti brea.ter on the

other endTbfSAR FRALHFErat FoRs piishe Qrm Ii’rb?eea?(e OF aY e IDy
trippsng @i r&lstr s eakes afsthe. 35h@'£ﬂ51ﬁd3t@d3’d1@ﬂ1 eathy ofotheduso the

o 2 | oad R TR T b Gk T bro by R 1 Bbi et AFHOGERer SrrEthchh kers
connect ectdrof tdnersanteoe busisubsestCorwiThent ai pphpgrtithpefoerihe, e.9.
with t3 < 500ms, e.g. 300ms < t3 < 500ms. This way, down-
stream consumers may have enough time to trip and to thereby
20 clear the fault, so that the remaining LV distribution system
can stay connected to the bus subsection. The loss of essen-

tial consumers may thus be prevented.

In an embodiment, the protection relays are configured to

25 trip the circuit breakers coupled thereto within a first
tripping time tl after detection of a fault using said dif-
ferential protection, and to trip the circuit breakers cou-
pled thereto within a second tripping time t2 after detection
of a fault using said directional protection, wherein the

30 first tripping time tl is smaller than the second tripping
time t2. The directional protection may thus be provided as a
back-up for the bus ties, the bus coupler and the bus subsec-
tion. tl and t2 may for example lie within a range of about
about 20ms to about 200ms. The time tl1 may be shorter than

35 100ms, and the time t2 may be shorter than 150ms.

In an embodiment, the protection relays coupled to the one or

more feeder circuit breakers may provide over-current protec-



12 breaker failure detection can be adjusted to be longer than tl and t2,
it is preferably adjusted to a tine Ion% r than the respective nmaxi num
circuit breaker operating tine plus thé‘dropout time of e.g. the current
detection elenent for 5 the CB. Accordingly, it can be ensured that the CB
failure protection is not accidentally triggered. In an enbodi nent, the
fault protectio or _each, bus section.of the

stem stem
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zones by neans of the protection relays cou the circuit breakers

conpri sedtifct hé ?%E%éc?h@edﬁF%FEéPPoﬁfz%néguéﬁd 8rdt +f ppRGPFARSEF+BTI t

breakers r@téped@t@&egtaoauzgaﬁtl Abwhkch fhetﬁaﬂl thB86shetdr f edthdV tb-t he

nethﬁg, advant ages S#ﬂl ar.to the ﬁes out | £ned Lﬁrthsr ggg mnth respect
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, e
to t alFTSPr SEREr T bR sydt &m By B8 AChPEvEd” 9% FH°ah en®ddi eht, the
net hod fus¢beiogpnphésessphetsvepseefieri €irheifabkeaitas hettrippeed after a

redeter r - AgdLeect ignal; k e t he
P otecti ol aPPLBGetLER  hia LELBALACLIRE! LOTRhSROLE BEPYLECEna 1NE
trical coﬁh@cttbﬁ@l@@ Fhmﬁhé3bu§0§99§ééﬂtéﬁr aﬂdtbﬁlﬁﬁPﬁGdtﬁ@S@rrEh?t

br eakers gfgﬂ@ Gt 8d1bpssahd ehgctrisabeCconBgetiOAt OknbhReBUSCSUDSEAL I ON,
respectivel even if a fault should not be. detected or

Accor d
cl ear’dd bvlgh%quﬁélﬂPg?érEﬁ?léPaﬂro%éc?Poﬁ¥awﬁiedl?eé?F%Eatnp?og%Etlon

serves ascfabaekmay cause a reverse current in the load feeder. The
delayed tripping of the feeder CB allows the fault to be
cleared by tripping the generator without tripping the load.
Accordingly, the ioad can be supplied with electric power
25 from another generator via another bus subsection and thus
stays operational. This is particularly beneficial for loads
in the form of thruster drives, as the thrusters can continue

to operate, and the vessel can keep its position.

30 The time t3 may be shorter than 200 ms, preferably shorter
than 150ms. The time t4 for tripping upon a reverse current
flow may be between about 150 ms and about 400ms, preferably

between about 250ms and 350ms.

35 The protection relays may be configured to trip the differen-
tial protection within tl1, the directional protection for the
bus subsection in t2 > tl (with blocking from the feeder CB

protection relays), the over-current protecticen for loads



10 up and may clear the fault. In other enbodi nents, the nethod may
conprise further steps, such as detectimg nagnitude and direction of a
current in a feeder coupled to the bus subsections and tripping the corre-
15 sponding feeder CB within a tine t3 if the current nagnitude is above a
threshold and the current is in a downstreamdi- rection. It may further
conpri se (tthedstregbaf) Hroakd ng tiihe thd ppiatg afr tepst eamdeBsi dm &suech case. 20

It may fyrther rise the .step of tripping.a feeder wi.thin time t4
if the culir?ra?ﬁst 1 (%r oﬁjg%:rteﬁle feeder’ CB Y sLC&lrne alroenve"?lgtg1 (t%s% rtegrﬁn%itrheecti on,
with t4 Beinsgtiangdr prvdreatd.onmHe mdthrodumyt fas tvhierhiconpri isee detmptn ng a

failure @3 &iir- 2% cuilyibreaker @nd upon detection of such failure, if
the failed circuit breaker is a bus tie or bus coupler circuit breaker,

tri pp? ng a nei ghbouring bus tie or bus coupler circuit breaker, and if the

failed citrcuirt datrakelerts tthe genaratdioicteadelyLidicuidy brneakery tripping
all circuit break- 30 ers cgtnn cted o the bus subsection. The fault can

thus be &GSt By Hr&a aTe § 9L S 0 195 b ot Heht s dtoHe Tret hod
may be canreided coutet@mit hef fawd ir 36 tproteedid wfsyisiemorbidiek pawerelsyst em i n

any of t .conf i gurat.i on tlined ve.. :Furthernore ny., net hqd st eps
descri begqf’flﬁczrt_ Oenrgllli"aaC(%"\?g1 vs?af?cﬁallr é:sr}lp?eaazb% oectﬁ'uleoq} a%%tayprco K (a:jteiy%nto r1l%esyst em or
t he powercigystiambafeatkss dyarreda by iposianmmral diessed arafablt parnd,ofin

enbodi menRt§.0fs i R tiRiched; o feahungs 9fo the erhadi et S0 4hihe. i nvention

menti oned 5 above and yet” to he expl ained bel ow can be conbi ned with each

ot her unle<SHGt E&F sedetife torthedty they ifefuldes ipthwirtofonasl e &% rigee 10
The for egoieageandaatifele iRAtdHGS AR AdaMAga5% Ofctied | Ny kon mil-

becone further appar.ent, fromthe follow tailed description read in
conj unct i"GIT Wit etc%ewéiccor?:g)fnﬁar’rbltdrcam 'S 1B 1 HE Hr i TS thkae GRf erence
nunetal s frreflerret d sl ke selmnentsl sAlsomplete blackout of the power sys-—

tem can be prevented.

The breaker failure detection system may be adapted to detect
the failure of the circuit breaker by detecting a flow of

20 current through the circuit breaker or by detecting the

. status of the circuit breaker. The status of the circuit

breaker means that it is detected whether the CB is opened or
closed, e.g. by detecting the position of the element opening
or closing the circuit. The information that a trip command

25 was issued for the circuit breaker can be obtained by commu-
nication from the associated protection relay, or the breaker
failure protection functionality may be directly integrated

into the protection relay associated with the respective CB.

30 The breaker failure detection system may for example be
adapted to clear the fault in the following situations: if
the first circuit breaker failed, by tripping a bus tie
breaker on the other end of the bus tie; if a bus coupler
circuit breaker failed, by tripping a circuit breaker at the

35 other end of each of the bus subsections connected to the bus
coupler; 1f the generator circuit breaker or a 1lcad circuit
breaker failed, by tripping all other circuit breakers con-

nected to the same bus subsection. The tripping time for the



Figure 1 is a schematic drawi ng of a power systemof a dynam cally
positioned vessel including a fault prg%ecti on system according to an
enbodi ment of the invention. 20 Figure is a schematic di agram show ng the
protection zones of the fault protection systemand the power system of
figure 1 in nore detail. Figure 3 is a schematic di agram show ng the
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Figure 1 Shoys:gnpoues @)/%E&htl%@f t@edpsaaatngsyenapsahmﬁexdpaﬁéﬁek in
accordance wth an enbodi nent _of the t| on. }Enhg g gf figure 1,
ect| ons

t he 6(9wern@’§'s%gﬁ?%ﬁe‘iisb%pﬁl? Fapdte Wi Q\Erc%&}g?g SWher ei n

t he engi nggs©&mt hSuch power system may thus be operated in a closed
ring configuration, i.e. with closed bus tie breakers, even
during high risk operations, e.g. in DPZ or DP3 modes of op-
eration.

25
A further embodiment of the invention provides a method of
operating a fault protection system of a power system of a
dynamically positioned vessel. The fault protection system is
configured in accordance with any of the above described con-

30 figurations. The method comprises the steps of detecting the
occurrence of a fault in one of the protection zones by means
of the protection relays coupled to the circuit breakers com-
prised in the respective protection zone, and of tripping the
circuit breakers in the protection zone in which the fault

35 occurred. With the method, advantages similar to the ones
outlined further above with respect to the fault protection

system may be achieved.



30 different power system sections are arranged in different engi ne roons
of the dynam cally positioned vessel. TBe engine roons are separated by
fire proof and water tight walls 14. The power system 10 conprises power
sources 20 each conpris- 35 ing a generator 21 and | oads 30, 51, 52 coupled
to the sane power distribution bus 15. The | oads conprise the thruster
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power s sy sfemdithg tﬂ?@ede&uIGB aaitlanmoa dthge yt ot £ Z&qz)rom)agame thagoi hede

sections .of the_ po .pn ste s;tie
br eaker s Arqlarbeorr‘é‘%)n otphern url ng gﬁhrléxlsep%%{é)ra |;f;%s'g %Elge%ﬁe{c%%res

i medi at electlear Thatay nflela@helse@@m@hlaﬁ bh‘leS@t@meOﬁob\k@ng@gehhﬁo at
| east Onet%eggﬂlﬁ%adf %%t@gelﬁugﬁbﬂgcaggch generator will thus run at

relatively eading to an 1 nefficient operation of the power
sources 20 and thus to an increased fuel consunption. 35 In the enbodi nent

of fpgur qtl,mé@ef@y@aé_@ccﬁcbr@fmﬁl@é etfﬁ@lrgh@pn@fetseppm@le Fatoebusn
subsections .16 by neans JV\gus cou- g]hrcw% gée ae42 In th
exanpl e ot FHigur tilrflehet% t%‘?/s‘flé cah the arafed”i Afo'B Bower

system reverse (upstream) direction, w1th td4 being larger than t3.

The method may further comprise detecting a failure of a cir-
25 cuit breaker and upon detection of such failure, if the

failed circuit breaker is a bus tie or bus coupler circuit

breaker, tripping a neighbouring bus tie or bus coupler cir-

cuit breaker, and if the failed circuit breaker is the gen-

erator or feeder circuit breaker, tripping all circuit break-
30 ers connected to the bus subsection. The fault can thus be

efficiently isclated even if a CB fails.

Embodiments of the method may be carried out on the fault
35 protection system or the power system in any of the configu-
rations outlined above. Furthermore, any method steps de-

scribed further above with respect to the fault protection



17 subsections Il. If a fault occurs in a particular power system
subsection 11, it becones possible to electrically isolate this power

syst em subsection fromthe remaining péﬂer system 10. Accordingly, only one
thruster drive 30 is lost in 5 such case, whereas in conventional systens,
at least two thruster drives 30 are |lost when a power system section 12
becones inoperable due to a fault. h risk operations, for. exanple in DP2
or 0P cITFF AR ofh (P e THET regUTe YA CEU A H G TR AGH Ty and
oper at i on@ll s@afetye afatthe pomsosmsdens 10f soe thathahder al | ci rcunst ances,

| oss of position of the vessel is prevented. This nmeans that no single
fault should |l ead to a conpl ete blackout of the power system 10, as a
consequentte: dfcaihiods tdie W tdmusdsrenlrs ves Woul tebetomn imeperai#@ and the
vessel wauldhd 96 [§Sk POSTAL Mo FRInd il 5o DU ROSE bd ILSAMMAN | PRal Sysi e,

t he power systens Ctions 12 are conpletely electrically isolated, so that
if the povidgresystlksns moird skeetilm $art82rYhe others remmin operable t hus
ensuring that the vessel 20 keeps its position with the renaining
thrusters. In_contrast to conventignal stens, the power system 10

accor di nGHIET HESF MR MR r?%l%%%flgured to keep the bus tie

breakers 41 closed during high risk operations. Al so, 25 the bus coupl er

i 42. | T. -

oot Sbt i A BT S GBS e SR R SR AL AETR g E n AL
which it UEDMHmaﬂkxb¢¢mmetfmrtmgﬁl&pm@@wmtyfaﬂm b@%rﬁ@lk@%&n%a¢%¢®lb¢dpomer
system 10 ése&ﬁeﬁ@ﬁoﬁofe%gfhr c?ﬁ%HS’&P %ﬁ%fthstﬁ@hé@a&ﬁpawlﬁ@edwpose of

the fault protection systemo resent enbodi nent fast and

ef fi ci entingdl atp orhofd¥&el g tllrlﬁe ﬁ%@@r%%c?)r%%ﬁa%%er? %%ﬂftt? rohke
propagat ingddies9h the power system 10 and from affecting any other
conponents thereof. In 35 the follow ng, the description will be given for
a suBsection 11 of the power system 10. It should be clear that the fault
protect|cgu§u§éen1t@nab@cm@mitgunﬁdawnmgeeﬁoadpu@éy $pstetheof eniint ng power

system subsect i ons S 8 r Lhr
secti ons, %ﬁ&%ﬁgf n%éégg%?%% e élt%%égg% %oﬁéug€a§¥%tgﬁﬁé&§o§%fer
circuit Uﬁsake¢s0ﬁanqnt@t®@r@@w®@uhﬁ@ht@t th@ poverts9ltem 10 nay have a

di fferent nunber of sections or of subsections per section. Also, the power
20 Figure 2 is a schematic diagram showing the protection zones

of the fault protection system and the power system of figure

1 in more detail.

Figure 3 is a schematic diagram showing the protection relays
25 which operate associated circuit breakers for a section of

Lhe power system of Fig. 1

Figure 4 is a flow diagram illustrating a logic for direc-

tional protection which may be implemented in the protection

30 relays used with embodiments of the invention.

Figure 5 is a flow diagram illustrating a method according to

an enmbodiment of the invention.
35 Detailed description

In the following, embodiments cf the invention will be de-

scribed in detail with reference to the accompanying draw-



5 system nmay conprise only subsections connected into a ring via the bus
ties 17, i.e. without any further sepatgtion within the sanme section (in

ot her words, only one subsection per section). 10 In Fig, 1, the fault
protection system conprises a generator protection zone 61 which includes
the generator 21 and the generator circuit breaker 45. It further conprises
a bus tienpkot gat ii@n tzone G dMtiseldanalhides ha fidlSiowdine wids darigakiem 41 (bus

tie breaker) . connected to a . first end of the S subsec- 15 ti.on 16 and
further 66 FRE BIETH o= e U B df hid % R 5% Toriddtad vt a
further busnt eadiriesaker: 41 te thdkdhus rsubsdatiitomdl Gegfsd.he adj acent power
system section. The further bus tie breaker 41 and the bus tie 17 are al so
included in the bus tie protection zone 63. 20 The fault protection system

further Efckbgedd e Bysesuiidedt ithe shotdctdoR Forfe® 62 WHEF Eshs ses t he

bus subseetinen skente  iMcHr LGt HlLakarly, 4lnd SRGRNHE LIt Uide breaker
42 coupled tg the other, sécond end of the bus suhsection 16, 25 the

gener at oFFEMHEGSt iceditdr SRR oY F° miTE S deddt ATt At Breaker s

coupl ed Rathke ,buscsesaeddedit akG.onMi fChrar erd i dle qifeasaits examiesdrhe

t hruster drhv% Ci rc%‘irt. br az%r. 43 arg:l a drri Ill in dorsiv Cl rH(l:uit breea er 44.
The secoRd<& FOGT Bitedk ™43 10ih B SBE Hodpt & E R Dradid*as i n
t he BD presenteesanmplsd)ililfed hien buse subisecht ors kolds toup ethdemstodls

coupl er i i %::‘115%‘% |10 [ 1+ < be. a i r, if
t he bus gﬁggec%ﬁegn%%gllqg}%%zfpl e vﬁ:taa{la%?ug%r}éetltr%yaal ﬁlerl?lg ?)arél n% _ulgai&?
subsect i e ergwinigen ans! siasdinsdbabmagaHiat Poneto sy StEm RTINS BXi st s) .
35 19 (netcexR igd td Wiliahl ighddind igurenddi angd, the: busy coupb efe circui t
breaker 42. The fault protection systemis, confjgured to provide a dif- 5
fer ent i aPPpAdPedETn FON SR (He FHB T ont Zoneds . CHHE G ¥ 2rent 7 al
protest i edumay ree waan iy ed suete tduti dihencurirerd svean dptdl aheless of t he

prot ect ed_conmpaonent are caonpar.e i..e_th teri .1 eavj ng the
prot ect i gﬁcglor?es. eﬁqi"ﬁég Sl’rrpqler%lﬁtta?:iroenakcearns ’ugtefa(ﬁlgeﬁ%gﬁen%ér]eo%r otec ten r]_lél ays
10 whi ch skgddwrce pehes courwiant fiurtihtee: raggpestiates et rike qonnetta bnsy e. g.
Oy USI NG fAreHhIcant WANS ONMBLe dEhag Idhd NS ES In caMA Qa1 o0, a
current relay may for exanple be connected in parallel wth the secondary
wi ndi ngs SER WG CT9 sHdticr Bt antrdingnies oio (Mt cdurppnehiile gredetore
and @@tergelin@amr@f@corawp}ﬁmg;amfy té’!ﬁ)&ﬁﬁﬁ@ﬂiﬁiwh@ié\h{itﬁﬁ@r@f tge _
pr ot ect ed conponent e equal, are the currents throu t he secondari es
Bnd ¢ her EWETE e &Gt ditgTly: e & i ertE (i Sug T A S ol Pk &t &9 T
wi ndi ng ratdoasctare inewisgd dhol hal@incatiute diddrer emcesnin, tiel bxpeched
current S‘ph@'s%‘ca%%q: uznocéjroarlnasf YL d Soxl O&r%t?sd %&m %é;t‘ebé”%ﬂ?fé—ed ZOne.
mented in separate circuits, chips, circuit element or units.
25
Figure 1 shows a power system 10 of a dynamically positioned
vessel in accordance with an embodiment of the invention. In
the example of figure 1, the power system 10 is split into
three power system sections 12, wherein the engines of the
30 different power system sections are arranged in different en-
gine rooms of the dynamically positicned vessel. The engine

rooms are separated by fire proof and water tight walls 14.

The power system 10 comprises power sources 20 each compris-
35 1ing a generator 21 and loads 30, 51, 52 cocupled to the same

power distribution bus 15. The loads comprise the thruster

drives 30, each of which inciudes a variable frequency drive

32 for converting the freguency of the supplied AC voltage to



Note that in figure 1, only sone of sim/lar conponents are provided with
reference nunerals, so as to maintain a nore clear and conprehensive
presentation. Yet it should be clear 25% hat the descriptions given for a
particul ar conponent do al so apply to simlar conmponents of the sane type.

The protection zones of figure 1 are shomn in figure 2 in nore detail. The
fault protection system my for exa in: 30 el ude one $rotec ion relay
for the genEred®eneY ofbeli BRIZBNE 61 ﬁhV%hl%aBOt??po?%EaE et t'éaker 45.

CTs of thelecotec-ndéton BelayioRyroeasssechbepeopehts of tisth sides of the
t hree generat or w ndi ngs d the relay canc [i t > 45 i f
a currente%?W?E?EncguF %Etg%?%% WRECH Yar% 895%?£$e%$§g%£€e ay for the
bus tie piogedtionszane ﬁannentﬁﬁabmrehehelegtreﬁt@O@meﬁbtﬂns$he§0 ofhehe
pus Lee SBhie: 1515% §%91%5658QC?5'”f8H£ﬁ§Pt5 al Soflel 6L 8e Bofer dupsio 20

nechanlc fie cab grotectlon rel ay can tr|p one
or both otrxh@tt®mcﬁY@t%meakﬁPéYH&glﬁm@%beﬁr Oa@éc%?oﬁoﬁ%%% 3. Vi sbhea

separate pfotefikoRohibaY$o8an2beoPERYI gefletonigagihati6ni bubreaker. S In
t he bus subsection protection zone 62, all currents entering and | eaving

the protection zone are nonitored by the respective protection rel ays.
These i nckage p@ﬁéenﬁﬁst@moaghtihﬁ bascoipriZeand shetbus cbupherpoearrent

1 t 2 d
Connddh s ontet SRtk SEVERE! 5 ol Pus pEr Bl Enhs Bech g v i rpas e
di ff er enttakspl ot etbi bheoéxguphepodt Ecyiva ionéheth@WEEIéyétaibutbﬂhlgured
to CO”““”%&Qtf5“%&%g§§§@s°£ﬂ?ée eﬂyahga&hQthaeeogegarat@dssyla&e

communi cat 1 on, é articular oc- 15 cur usin EC 61850
conmmuni cafisa. amhevd Féythﬁ9taﬁﬁlé§ é4na%ﬂe?théFa9oaﬁagHﬁ?té%ﬂﬁr|g%rthe

~logic fortﬂ@keggbﬂhﬂﬂsth@ngccﬁbﬁﬁnﬁﬁ eten ﬁ@ﬂétsebt@onbtmﬁﬁyedptanlne t he
occurrence of .a current al ance atri %lgna to thg ot her

[t ma
rel aye of VERedpr bF et FF8R92BHE WthrF%etﬁé gé@B&Pgtgg 50°cPPEGlt S¥regker s.
The diffeTB@tbak peoteohkoartorohhechad coupl eingrobefigonazone 84aoper at es

correspon £§8u§%8? Egul ogc éraﬁgf§gﬁggelb9§ 'gxézedtﬂﬁ bys ﬁPngctlon

16 or the mhlc herw se not to the'trig ng of
conventlohab byer 1¢uvhénah pponectsohhatleﬁé endr andr oér the PﬁEeFo§é§ can

thus be '9?9%h£h89 and g¢kearednhtast gapdnghhi ehanbkyth¥ ppRBikn@iatkisliFcuit
breaﬁﬁ{s %&gn bus 15. Bus tie circuit breakers 41, short bus tie
breakers, are provided at each end of the bus tie cable. It
is thus possible to clectrically separate the bus sections of
the power distribution bus 15. If a fault occurs in one sec-
tion of the power system 10, the fault can accordingly not
25 propagate to other sections of the power system 10. In con-
ventional systems, the bus tie breakers 41 remain open during

high risks operaticns.

It thus becomes immediately clear that in each section 12 of
30 the power system 10, at least one generator 21 needs to be

running. Each generator will thus run at relatively low load,

leading to an inefficient operation of the power sources 20

and thus to an increased fuel consumption.

35 In the embodiment of figure 1, the bus sections are further-
more separable into bus subsections 16 by means of bus cou-
pler circuit breakers 42. In the example of figure 1 the

power system 10 can thus be separated intoc 6 power system



30 protected zone. O her areas of the power system 10 renain connected and
operational. For the |oads, e.g. the thruster drive 30, a drilling drive
51, a low voltage (LV) power distribution system52 or the 35 |like, feeder
circuit breakers 43, 44 are provided. Respective protection zones include
the thruster protection zone 65 including the thruster transfornmer 34,

t hrust er sditiseect3®rand t.hea f b ustiert cidouid it eakerrdidulde whidd ing S eeder

pr ot ec- t.| 66 4 ncl.udi ng the feeder, 51 for, a res tive drilling
drive an&?etj“heéug%i it %’gn ‘A4, gjec%rl?eess ont |lﬁbglﬁ_3;0dies]terq’ Ui cetiér

pr ot ect i gt tEorid i @towstown)s iare | udi sy ttiven fioedertts? feora triend \baiest ri but i on
syst em and, 4, dist R 5§ I sl PIImY (saefd.gute 1 3 @nds theauxiliary
| oads prg%ecti on zone 67 | ncﬁiu)}di ng t}ﬁe(_{%eder(s é%§83%éf3o(fm$ gl. tﬁﬁuﬂst er
utiliti e$Uehgiane utihguasss ocarheednidinme oy St e 1 i gearstatiero 21 or the

li ke. Theseumebeirowss e famia At R Nd w6 (dyBed rum @ dhird _
secondary w ndi as il l.ust aetcg:g; 10_of. the thruster transforner 34. This

ng,
way, spa eecfmfsv\giné]rﬂersaﬁ}ien e HeHifeved, as the utilities do not

require an additional transfornmer. Al so, since they can be powered fromthe
gener at ory . t .Sy Cli. th r_syste

subsecti é{r%%ffl l}(}gsnksg)g%r ao_c\g%lnnss'i Z%Cﬁ‘lz;els%é%&%l% fl%ﬂe&%?efoorr :D%\rqﬁao%%dmﬁ{gotoe%t i on
zonek0 65-FF SYicvirde tsteoritrcia aat land sov éri gurimemgprot eotd ompexssi ng e. g.
def i ni t e diigh 0URIFQY IENte 1 LUYGR - e assog] at&d it ‘?%{dé)f‘ g%%ﬂ N
trigger the respective circuit breaker upon detect| on of such _

over - cur (RS TSI EYi 9SS Rssifi korpfofntiteh ¥avesgloaks irr el eitioitheclses f rom

the remidiang POV ey $iierg1%D. f8uU0h dHAtRECIQM it SUfddg Bite fRradihs,d oads
since a ste%ortth circuit downstream of the respecti vgﬁ:B will generally |ead
to an excessi epcoﬁqrerrerﬁyﬁtﬁt“bt}gtﬁ tthe B ORI FHETE det et b‘%‘ei he protection
re- 25| ayrhrisdadi fdreverst ivadulpt dieegincon fare zines &Hid 6hearegsesponsh Il a-
tively fast,. e.q. Wthi.n |e so, t ver-current protection
for zoneg%ng- 2}%c§\r?%l?§%8ﬁd%?oaé&?ﬁes.lgj%%’t ﬁllnn él]ojb‘}r)resn%?or}glsos S19sds, the
trippi ng thfe FI5e7eCB syBfF e delGlyiad o dr2 & teowi amep lee toiolin st reeatnn 1 oaldl whi ch. may
have causedithedawd e P UG A8 ay, S8y, be, used Jar: the LM protection

system Since it is coupled to the respective bus subsection via a

transf or me, & PSHST  SEALCUI P UM r ddiH ROV 857 dilaty i TR i 6Is S8/t em
aff ezt s diceget lit < hedirdrsf ori®l tIRCHemaining thrusters.

In contrast to conventional systems, the power system 10 ac-
cording to the present embodiment is configured to keep the
bus tie breakers 41 closed during high risk operations. Also,

25 the bus coupler circuit breakers 42 are closed. The power
system 10 comprises a fault protection system according to an
embodiment of the invention, by means of which it is ensured
that the high integrity and operational safety of power sys-—
tem 10 required for high risk operations is achieved.

30
The purpose of the fault protection system of the present em-
bodiment is a fast and efficient isolation of the fault in
order to prevent the fault from propagating through the power
system 10 and from affecting any other components thereof. In

35 the following, the description will be given for a subsection
11 of the power system 10. It should be clear that the fault
protection system can be configured correspondingly for the

remaining power system subsections. Also, the power system of



dary, but not so serious for the voltage stability on the distribution bus
as a fault on the primary side of the igansfornmer. The sane is true for the
auxiliary |l oads protection 22 zone 67, a fault in which only directly
affects the secondary winding 36. In both cases, plural smaller |oads are
connected downstream so that by tripping the respective circuit breaker,
essentiaEibuaéslnhysbe@m&e B@@m&bablegashcbe&&gas&pgeabﬂat@ntortmbruster

| ube oil e l.iLk By.co N aul eghi op s to
trip thesg%% %J% vjl %he ¥>u% af, ‘ug‘i %ﬁ%% ft o %6’& ‘?:ts %tz 53 %%b%@
corrponememib@dmme@ﬁsn héh’ﬁamoﬁﬂe@c§msrt@dl ﬁ@ymﬁafvélaé'ﬁo@gﬁlltfuf@éem mlimbert hus

cl earingtthgckayloh WMotheyt hawleng e sdiveeorieet Jhhe A\m%l e tlh¥ Bwer
di stribution systemor the respective utilities swtchbdard a backup,

for exanpletief fRY ﬁpﬂﬁﬁﬂfedppﬂéféHPﬁ&Ft6P8§e€°“P@6ﬁeﬁaﬂp§°o@ dé8¢ not trip
the CBs, vtihe thauldispralkectli7gn isyst Grmt&@ﬁhtl lé@ﬂyUdf@rQh@rl’ %@tpla@la@hoﬂr ot ectl on
The direct.i_onal ég protectlgn caq % ovided for t bus sec%lon
particul ¥ 0 FOSpEATVESS §Oﬁar§n £ efhgoﬁgf’tP@'yéﬁ& ﬁ@ 50§ &8Gpler
For the perpesetdfondi.rectional protection, the respective 20 protection

rel ays can conprise a directional |ogic which determ nes the existence of a
fault condition and in response issues a trip command for the associ ated
circift Bredkensl,Théepderddt icae tesitapic &Y SHSEs FOEPTdEathiss IEFasert he

di rectiop apdFAGH Hide eh &8 GUARRNLdS g;heb}? %rdﬂg’.lv%'nhag;%% 25 at
both sides of the a5500|ated circuit breaker he rel Iys may operate in a

Mast er - SOEPETESHE Gdratiidn Phes sl dn -t HE MRS T SORPLSES e Wsnﬁéﬁnatlon
fromt heprIt%rctrlealnamn@n@S afHiemn deltcammem g fa fsauldi reandi tiremkersgues t he
30 trip ¢ other reI | nf orarati_on t e _sen V|a t he

1] t % th onnec st en a%’@%%
comuni ¢ gn Betwégﬁ Félaf dlé 61850 “Coinicati on,” i -ndUde Cur r ent
direchi om;Loslt dtéusinof fnﬂre:hassw am@dbcusr cuiet ibr.edker otdred: @me‘irgai fousw, i .e.

whether the assqqi aled (B aneroided o aoks 3% Mexanpla al, appossi bl e

i npl enentation o irectional protection in the fault protection system
i s depi cte@ |Sh1bfﬁe§|§rlé>§l d6ad 4herigglireed ts oS TofRs 18] &&dd &1-efd¥it s of
t he further bus tie breaker 41 and the bus tie 17 are also in-

cluded in the bus tie protection zone 63.

20
The fault protection system further includes the bus subsec-
tion protection zone 62 which comprises the bus subsection
16, the first circuit breaker 41, a second circuit breaker 42
coupled to the other, second end of the bus subsection 16,

25 the generator circuit breaker 45 and one or more feeder cir-
cuit breakers coupled tc the bus subsection 16, which are in
the present example the thruster drive circuit breaker 43 and
a drilling drive circuit breaker 44. The second circuit
breaker 42 can be a bus coupler circuit breaker (as in the

30 present example) if the bus subsection 16 is coupled via a
bus coupler to a neighboring bus subsection, or it may be a
bus tie breaker, if the bus subsection 16 is coupled via a
bus tie to a neighboring bus subsection (e.g. when no subdi-
vision within power system sections exists).

35 |
The fault protéction system can furthermore include a bus

coupler protecticn zone 64 which includes the bus coupler



23 power system 10 of figure 1 for the purpose of a conprehensive
presentation. The protection relay 71 fagsociated with the bus coupler CB 42
is operating as a naster relay. It communicates with the bus tie
directional protection relays 72 5 on either end of the two bus subsections
16. Reference nuneral 82 denotes a simlar bus tie directional protection
relay in (@oteigfhowiing pa\ igralemiseatiire For Lachrd eE iler
protection relay 71, 72, 82, a reference current direction is shown (see
arrows, fd \ﬁé’rl&y&reraéﬂ?etr d¢). Besides 10 being capabl e of detection the
current direction, the protection relays are configured to detect the
status of. the circuit breaker they ar.e connected .. Each rel ay j.
par anet e&ihzee avt\i]tth ptrhoeJC eﬁ:?co]toélctsiyésn Flnct icoor{{}[gl uarr?cec% garos%lrr? Valé%or%adnl(s:fen W th

t he defi dedecuiricdntp mitreedtiicondldnt isgg-ofo it Hdvpartdtmdtaron x qymeer st em
set up and; e Ofr ;oper QR ;e RS RS a&lﬁy%&ﬂe@p%rw S§%d g didget i onal

protection trip logic ' for both theleft and the right bus sections. The

| ogi ¢ i s TEHHS Qi &P o Hides He Hirs ARG CH 9L, CHROBUp| e MR LS t he

gener at or, (@B 45 URQIY 1RGGW IENGE- 19fg & aWdviny the neshecdd e bushesub- 20
section, _and it may be configured to trip all CBs that are directly

connect ed o T Ay <Latt U ISP T P Tl 10 Sedurted S \Gofiti ti ons at
whi ch0 t herhnast eteaselray the icstesita i ithe ok 257 areyl d atot iwdezorald c—

hori zontal. direction.arrows fromthe [ i.nt i t.he relays with
CTs) ar e%plcc))glnst’i neg’ 0 1:’[yhé:l %\lﬁl su bcs]}erc]ielngﬁq%%od%]%egﬁéug ﬁcalﬁ)) B eIonr Ell osnlen?si de of
t he bus gdlsséctdaiiduim@t@Rri,s oparriant tiwl aumant ol resctnioe (28 row)- at t he

other sideQfed h§ QIS SURSECHIQ] dite RAUAN-§ OV S d & BA RUSBubsect i on,

or if at one side of the bus subsection, the CB Is de-energized (e.qg.
current [cakefoRrafd Wit agelay of IR Hal S udLotutanhe kiR ¥ ent

direction (@@t Wilrliatherr side afuthenbiisorsuhsectd oed Sopodid i ng
towards the bus subsection. In these cases, a faﬁjlt at thfte bus suhsecti on
can 35 b@r%sﬁfﬁee&{ GBS S 3 18U '® SBE Tt ther Hei%w) . 24 A
respecti téd egaridanidausirdtigd:ren Wilguracdefdinghe bhefric hamdrdus

subsecti f Fi - erim nat i i u r f. t he
figure a%gujr?gl e b%/ﬁetq;lgeu%pl?eo tec eiloﬁ're am&{@? a%%ﬁisndg%r?eb%g%r%%i%%t ed to
t he mast éelprstectitonliyfglenergcpl  imtileh qrkest edheCwpeiir2ment®- i whethea | ower

party@f thefdQint and inplanents 4, dagd ?Mé@@é&-z&ﬁefﬂ ay 72, the
current direction of the three phases are determ ned and reported if they
are in reverse direction, 10 i.e. pointing towards the bus subsection 16.
It is al seuepudtedd fridierCB 4lrisy apgie bt dereied gi Zatbdhestht e &rand
V<limt). Atv%%re re.Itgg 7(]),%?“ s detern}'nned V\,hethter the current_at the CB
42 is i nFHFSUET A BEHOTERE PO T HY tDhet dstT HE? s Hubsdition), the
st at us ofcltere: CB.HA 2 camd: et rvihistchgrrddmntCB- ien engegi Zedshould be clear

25 that the descriptiocns given for a particular component do

also apply to similar components of the same type.

The protection zones of figure 1 are shown in figure 2 in
more detail. The fault protection system may for example in-
30 clude one protecticn relay for the generator protection zone
61 which can trip the circuit breaker 45. CTs of the protec-
tion relay may measure the currents on both sides cf the
three generator windings, and the relay can trigger the gen-
erator CB 45 if a current difference is detected.
35
Similarly, a protection relay for the bus tie protection zone
63 can measure the currents on both sides of the bus tie ca-

ble 17. If a difference in currents is detected, e.g. due to



As can be seen fromthe flow diagramof figure 4, the above outlined
conditions for issuing a trip signal are reflected in the |ogic of the
protection relays. For exanple, if reI§9 20 72 reports one of the

determ ned conditions (reverse current or CB open or de-energized) to relay
71, and relay 71 neasures a current in forward dircction, a trip signal is
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The differential protection for the bus coupler protection

zone 64 operates correspondingly.

25 A fault occurring at the bus tie 17, the bus subsection 16 or
the bus coupler which would otherwise not lead to the trig-
gering of conventional over-current protection at the genera-
tor or at the loads can thus be identified and cleared fast
and efficiently by opening all circuit breakers within the

30 protected zone. Other areas of the power system 10 remain

connected and operational.

For the loads, e.g. the thruster drive 30, a drilling drive
51, a low voitage (LV) power distribution system 52 or the

35 like, feeder circuit breakers 43, 44 are provided. Respective
protection zones include the thruster protection zone 65 in-
cluding the thruster transformer 34, thruster drive 30 and

+he thruster circuit breaker 43, the drilling feeder protec-



25 that tripping the CB should occur as fast as possible. A possible
exception is described further above fon e.g. the LV distribution feeder.
At the sane tinme, the protection relay is configured to send 30 a bl ocki ng
signal to the protection relays coupled to the upstream CBs on the
respective bus subsection, in particular to the protection relays of the
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connecte rem the remaining power system 10. Such protection
is sufficient for the loads since a short circuit downstream
of the respective CB will generally lead to an excessive cur-
rent through the CB, which is detected by the protection re-

25 lay.

The differential protection for zones 61-64 can respond rela-
tively fast, e.g. within less than 100ms. Alsc, the over-
current protection for zones 65-67 can respond fast, e.qg.

30 within 140ms. For some loads, the tripping of the CB may be
delayed for allowing a downstream load which may have caused
the fault to trip. Such delay may be used for the 1LV protec-
fion system. Since it is coupled to the respective bus sub-
section via a transformer, a short circuit downstream the LV

35 distribution system affects directly the transformer secon-
dary, but not sc seriocus for the voltage stability on the
distribution bus as a fault on the primary side of the trans-

former. The same is true for the auxiliary loads protection



The fault protection systemmay furthernore conprise a breaker failure
detection system This systemmay be inple- 35 nented for the CBs by neans
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the respechevpreo8poion relay can measure for this purpose the direc-
tion and magnitude of the current, e.g. by measuring voltages

25 at both sides of the associated circuit breaker.

The relays may operate in a Master-Slave configuration, in
which the Master relay receives information from the other
relays and, after determining a fault condition, issues the
30 trip command to the other relays. Information that may be
send via the communication between relays, e.g. IEC 61850
communication, include current direction, status of the asso-
ciated circuit breaker, and energy flow, i.e. whether the as-
sociated CB is energized or not.
35
An example of a possible implementation of the directional
protection in the fault protection system is depicted in fig-

ures 3 and 4. Figure 3 shows only selected elements of the
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on function Differen- tial Pro- tection Over- current Breaker

protection Directional Protectpen Generator 21 MAI N BACK- UP BACK- UP

CB in Sub-section Bus-tie cables 17 MAI N BACK- UP

power system 10 of figure 1 for the purpose of a comprehen-
sive presentation. The protection relay 71 asscciated with
the bus coupler CB 42 is operating as a master relay. 1t com-
nunicates with the bus tie directional protection relays 72
on either end of the two bus subsections 16. Reference nu-
meral 82 denotes a similar bus tie directional protection re-
lay in a neighbouring power system section. For ecach direc-
tional protection relay 71, 72, 82, a reference current di-
rection is shown (see arrows, forward or reverse). Besides
being capable of detection the current direction, the protec-
tion relays are configured to detect the status of the cir-
cuit breaker they are connected to. Each relay is parameter-
ized with the protection function parameters in accordance
with the defined current directionalities of the particular
power system setup and mode of operation. The master relay 71
comprises the directional protection trip logic for both the
left and the right bus sections. The logic is configured to
trip the bus tie CB 41, bus coupler CB 42 and the generator
CR 45 upon occurrence of a fault in the respective bus sub-
section, and it may be configured to trip all CBs that are
directly connected to the bus subsection at which the fault

occurred.

Conditions at which the master relay 71 issues a trip command
may inciude: all horizontal direction arrows from the measur-
ing points (i.e. the relays with CTs) are pointing to the bus
subsection (to the bus bar), or at one side of the bus sub-
section, the CB is open but the current direction (arrow) at
the other side of the bus subsection is pointing towards the
bus subsection, or if at one side of the bus subsection, the
CB is de-energized (e.g. current I < 10% and voltage V < 20 %
of nominal values), but the current direction (arrow} at the
other side of the bus subsecticon is pointing towards the bus
subsection. In these cases, a fault at the bus subsection can
be assumed (for fault downstream a feeder, see further be-
low) .



BACK-UP Relay trips Bus-tie CBs in both sections: master-slave BACK- UP
Bus- coupl er MAIN BACK- UP BACK-UP If bus-coupler fails then relay trips next

CB to the left side and one to the rig%ﬂ si de BACK-UP Distribution feeder
52 with transformer MAIN BACK-UP Trip all CBs in Sub-section

A respective logic is illustrated in figure 4 for the left
hand bus subsection 16 of figure 3. The determinations in the
upper part of the figure are made by the protection relay 72
{siave) and are communicated to the master protection relay

5 71, which makes the measurements in the lower part of the

figure and implements the decision logic.

At relay 72, the current direction of the three phases are
determined and reported if they are in reverse direction,

10 i.e. pointing towards the bus subsection 16. It is alsoc re-
ported if the CB 41 is open or de-energized (I<limit and
y<limit). At the relay 71, it is determined whether the cur-
rent at the CB 42 is in forward direction (i.e. pointing to-
wards the bus subsection), the status of the CB 42 and

15 whether the CB is energized.

As can be seen from the flow diagram of figure 4, the above
ocutlined conditions for issuing a trip signal are reflected
in the logic of the protection relays. For example, if relay
20 72 reports one of the determined conditions (reverse current
or CB open or de-energized) to relay 71, and relay 71 meas-
ures a current in ferward dircction, a trip signal is issued.
Relay 71 issues the trip signal which results in the opening
of CBs 41, 42 and 45. The trip signal is also illustrated in
25 figure 3 with dashed arrows (for both bus subsections 16).

A similar logic is implemented in the protection relay 71 and
the right hand protection relay 72 of figure 3 for the right
hand bus subsection 16, although the first condition for the
30 logic of relay 71 would now be a current in reverse (not for-
ward) direction. The protection relays 71, 72 may for example
be Siemens 78J64 relays, with relay 71 acting as a master and
having directional protection logic for both adjacent bus
subsections.
35
Protection relays 73 and 83 may for example implement the
differential protection for the bus tie 17. The relays 73, 83

may for example be Siemens 7SD8GC relays and may provide line



directional |ogic; upstreamblocking if feeder fault Thruster 30 feeder
with transformer 34 NMAIN BACK-UP Tripzall CBs in Sub-section directional
| ogi c; upstream bl ocking if feeder fault 4th winding 36 for auxil- iary

| oads on thruster transfornmer 34 MAI N BACK- UP

differential protection phase (87L), 3TIC line differential
protection (87 N L) and ground fault differential protection
(87Ns 1L). As can be seen, a communication link is provided
between the relays 73 and 83, and the relays 73 and 83 are

5 coupled to the associated CBs 41 on the left and right hand

side, respectively, of the bus tie 17 and can trip these CBs.

The protection logic for operating the bus tie CBs and the
bus coupler CBs is also termed horizontal protection logic
10 herein. Furthermore, directional protection may be provided
in the fault protection system for further components of the
power system, such as the bus ties and the bus coupler. It

can be implemented as described above.

15 The protection relays associated with the feeder circuit
breakers, e.g. the CBs 43, 44, 45, can be provided with a di-
rectional logic. In particular, they may have a different
tripping behaviour in dependence on the direction of the cur-
rent through the associated CB. If the current through the

20 feeder (or the feeder CB)} is in downstream direction, i.e.
towards the load, the relay may cause the CB to trip within a
first, shorter time t3 if the current is above the threshold.
In this case, it can be assumed by the relay that the fault
causing the overcurrent is downstream on the feeder side, so

25 that tripping the CB should occur as fast as possible. A pos-
sible exception is described further above for e.g. the LV

distribution feeder.

At the same time, the protection relay is configured to send
30 a blocking signal to the protection relays coupled to the up-
stream CBs on the respective bus subsection, in particular to
the protection relays of the bus tie CB 41, the bus coupler
CB 42 and the generator CB 45. Although the differential pro-
tection for the bus subsection will not be triggered, since
35 there is no fault on the bus subsection, the directional pro-
tection might trigger (e.g. since the current directions on
either side of the bus subsection point towards the bus sub-

section). The blocking signal prevents the tripping of these



Trip all CBs in Sub-section Drilling feeder 51 with transformer -- NAIN
BACK-UP Trip all CBs in Sub-section directional |ogic; upstream blocking if

feeder fault Sub-section 16 MAIN BACK- &P BACK-UP Trip all CBs in Section
MAI'N Directional |ogic:

CBs by their associated protection relays, since the fault
can be isoclated and cleared by tripping the feeder CB. Ac-
cordingly, the bus subsection and the further components cou-

pled thereto can remain operational.

On the other hand, if the protection relay of the feeder CB
detects a current over a defined threshold in reverse, up-
stream direction, i.e. in a direction towards the bus subsec-
tion 16, it trips the feeder CB within a longer time t4, with
10 t4 > t3. The purpose of this measure is that other protection
functions obtain a chance to clear the fault, e.g. the gen-
erator protection. When the fault is cleared and the current
returns to normal magnitude before the expiry of t4, the
feeder CB will not trip, and the connected load remains op-
15 erational. This can for example prevent loss of thruster
drives, and accordingly, operational safety of the dynami-
cally positioned vessel in increased. The protection relay
does in this case not send a blocking signal to other relays,
as the fault is located upstream and needs to be cleared by

20 upstream CBs {or by another feeder CB).

The time t3 may for example lie within a range of about >50ms
to about 200ms. The time €3 may lie within a range of about
200ms to about 400ms. It should be clear that these values

25 can be chosen in accordance with the particular configuration
of the power system 10 and of the fault protection system.
Note that such directional protection functionality may also
be included for other CBs of the fault protection system,
e.g. for the bus tie CBs which may trip in t3 if a current

30 above a threshold is flowing in a direction towards the bus

tie, thus providing directional protection for the bus tie.

The fault protection system may furthermore comprise a
breaker failure detection system. This system may be imple-
35 mented for the CBs by means of the associated protection re-
lays. The protection relay may monitor if the circuit breaker
it is coupled to actually breaks the electric connection upon

issuing of a trip command for this CB. A breaker failure may



Trip unless feeder block- ing received Table 1: Protection Functions To
meke sure that the prinmary protection function trips first 5 and that the
system nmai ntains the enhanced operability, i.e. to prevent unneccesarry
tripping of conponents, Table 2 shows the tripping tinmes (or delays) nay be
used for tripping the respective protection function: Protection function
Di ffT ?R/Entégii?fegeﬁhﬁ@l@d%y%%c kG Wir eible tBicgalkeir reait] urse sbiinactdlendingPr ot ecti -
on
hin t TYc?%%%&%tg% which the fault occurred, e.g. by
checking if current is flowing acress the circuit breaker. It
is also possible to use a circuit breaker position indication

5 to determine whether the circuit breaker opened.

If a circuit breaker failure is detected, the protection re-
lay issues a trip command to the protection relays of adja-
cent CBs via respective communication links. As an example,
10 - if a failure of a feeder CB or a generator CB is detected,
the associated protection relay may send a trip command to
the protection relays of all circuit breakers directly con-
nected to the respective bus subsection, so that all CBs in
the bus subsection are opened. A propagation of the fault can
15 thus be prevented. As a further example, if a failure of a
bus tie or a bus coupler CB is detected, the associated pro-
tection relay may send a trip command to the protection re-
lays of the next CB to the left and right side of the failed
CB. In the example of figure 1, if a bus coupler CB 42 fails,
20 a trip signal for the bus tie CBs of the adjacent bus subsec-
tions may be send. If a bus tie CB 41 fails, a trip signal
for the further bus tie CB on the other end of the bus tie

and a trip signal to the adjacent bus coupler CB may be send.

25 The tripping of the failure protection can be delayed, e.g.
by a time t5. The time t5 may be a sum of the maximum CB op-
erating time of the failed CB, the dropout time of the cur-
rent flow monitoring element and a safety margin taking into
consideration tolerances in these times. A premature tripping

30 of the circuit breaker failure protection can thus be pre-

vented.

As a further backup, a conventicnal short circuit and over-
current protection, e.g. using definite time over -current

35 curves, can be provided in the fault protection system. This
back-up protection may for example be implemented for the bus
tie CB 41, the bus coupler CB 42 and the generator CB 45. It

may further be implemented for the bus subsecticn, 1.e. CBs



<100 ns 900 ms 290 ms High Bus-tie cables <100 nms 740 ns 290 ms 290 ms
(hori zontal |ogic, no feeder blocking) H gh Distribution feeder
transformer, |>> 140 nms 290 ns 28

in the bus subsection may be opened if the current on the bus

subsection exceeds a threshold value for a predetermined

time.

5 The table 1 below summarizes a possible configuration of the

fault protection system with the main protection functions

and the backup protection functions for the respective compo-

nents.
Differen-
. n Over- .
Protection function tial Pro- ; Breaket failure protection Directional Protection
curren
tection
BACK-UP
Generator 21 MAIN BACK-UP Trip all CB in —
Sub-section
BACK-UP
Bus-tie cables 17 MAIN BACK-UP Relay trips Bus-tie CBs in both BACK-UP
sections: master-slave
BACK-UP
If bus-coupler fails then relay
Bus-coupler MAIN BACK-UP : . BACK-UP
trips next CB to the left side and
one fo the right side
directional logic;
Distribution feeder 52 BACK-UP
—- MAIN . upstream blocking if
with transformer Trip all CBs in Sub-section
feeder fault
) directional logic;
Thruster 30 feeder with BACK-UP
-— MAIN ] ) ) upstream biocking if
transformer 34 Trip all CBs in Sub-section
feeder fault
4" winding 36 for auxil-
BACK-UP
jary loads on thruster - MAIN -—
Trip alt CBs in Sub-section
transformer 34
) directional logic;
Drilling feeder 51 with BACK-UP
- MAIN upstream blocking if
transformer Trip all CBs in Sub-section
feeder fault
MAIN
BACK-UP Directional logic:
Sub-section 16 MAIN BACK-UP
Trip all CBs in Section Trip unless feeder block-
ing received




290 nms (horizontal logic, no feeder blocking) H gh D stribution feeder
transfornmer, > (1) 440 nms 590 ns Lower Thruster feeder wth transforner
140 nms 290 ns 290 ns (horizontal |ogic, no

Table 1: Protection Functions

To make sure that the primary protection function trips first

> and that the system maintains the enhanced operability, i.e.

to prevent unneccesarry tripping of components, Table 2 shows

the tripping times

respective protection function:

(or delays) may be used for tripping the

Differential QOver- Breaker Directional Protecti- TIME
Protection function
Protection current failure on CRITICALITY
Generator <100 ms 900 ms 290 ms — High
290 ms
Bus-tie cables <100 ms 740 ms 290 ms (horizontal logic, no High
feeder blocking)
290 ms
Distribution feeder _
- 140 ms 290 ms (horizontal logic, no High
transformer, 1>>
feeder blocking)
Distribution feeder
- 440 ms 590 ms Lower
transformer, 1> (1)
290 ms
Thruster feeder with
- 140 ms 290 ms (horizontal logic, no High
transformer
feeder blocking)
4" winding on
thruster transformer -- 480 ms 630 ms - Lower
(2}
290 ms
Drilling feeder with
-~ 140 ms 290 ms (horizontal logic, no High
transformer .
feeder blocking)
Trip section in 140 ms
Sub-section <100 ms - 140 ms + 150 (logic with feeder High
ms = 290 ms blocking)
10
Table 2: Protection Function timing




feeder bl ocking) Hi gh 4th wi nding on thruster transfornmer (2)

ms Lower Drilling feeder with transformer 140 ns 290 ms 290 ms
(horizontal logic, no feeder bIocking)30

10

15

20

25

30

35

Regarding the row marked (1) of table 2, this denotes the
above mentioned exception in which the tripping of downstream
consumers is enabled by means of a delayed tripping time, so
as to prevent the tripping of the whole LV distribution SYyS-—
tem. This is similar for row marked (2), for which a longer
delay can be chosen to enable the tripping of downstream
utilities/auxiliaries. The options can be chosen in accor-
dance with the effect that a fault in one of these loads
would have on the stability of the power system 10, 1.e. if
the stability would be compromised, the shorter tripping time

or delay should be chosen.

Figure 2 is a [low didgram giving a schematic and condensed
overview of a method of operating a fault protection system
according to an embodiment of the invention. The method may
be carried out on the powers system and fault protection sys-
tem of figures 1-4 and described hereinabove. Note that the
steps described hereinabove can be part of the methed, al-

though they are not explicitly shown in figure 5.

In step 101, the power system 10 is operated in a DP3 mode of
operation, with the bus tie breakers closed. Thus, it is suf-
ficient to run two generators for the three power system sec-
tions 12, and since the generator can be operated in a more
efficient regime, fuel consumption and CO2 emission can be

reduced.

Tn step 102, a fault occurs. The differential protection may
be configured to react fastest (see table 2), so in step 103,
it is checked if the differential protection picks up a
fault. In the affirmative, the CBs in the respective protec-
tion zone are tripped (step 104). If not, the directional
protection {step 105} or the over—-current protection of the
feeders (step 106) may pick up the fault. If the protection
relay of a feeder CB detects a fault (i.e. by detecting a
current over a defined threshold), the directional logic
checks if the fault is downstream the feeder (step 107). In

the affirmative, the feeder CB is tripped, e.g. in a time t3.

480 ms 630



H gh Sub-section <100 ms Trip section in 140 ns + 150 ns = 290 nms 140 ns
(logic with feeder blocking) H gh 10 Fable 2: Protection Function timng
30 Regarding the row marked (1) of table 2, this denotes the above

menti oned exception in which the tripping of downstream consuners is
enabl ed by nmeans of a delayed tripping tine, so as to prevent the tripping
of the wrdls L\A dilsiakibg i0igrsyls-id de@m  tlhitshd sotadiarort are roops mat ked

(2), for i 0 de Cc e chosen to enable the tripping of
e%%:thﬁ%%éﬁﬁng 4§%%piﬁb

downstreamu auxi liari‘es. The options can be chosen in accordance
with the effect that a fault in one of these |oads would have on the

stabi | ity of fdhey Rowero syt eg%e’lg?’ld)? &s irtegative, i.e. if a reverse
5 current through the feeder CB is detected, the feeder CB is
not tripped immediately, bui tripping is delayed to allow the
tripping of another protection function, e.g. the directional
protection in step 110. If the directional logic detects a
fault (step 105), the respective protection relay, e.g. the
10 master relay issues a trip command to trip the appropriate
CBs according to the logic (step 110}. If a blccking signal
is received from a feeder protection relay, no tripping com-
mand is issued. The fault will thus be cleared either in step
108 or in step 110.
15
If the fault is still present after issuing the respective
tripping command (step 111), the breaker failure protection
will is carried out in step 112 with a certain delay, see ta-
ble 2. As mentioned above, the breaker failure protection de-
20 termines if a CB failed and issues a trip command to CBs on
the left and right side of the failed CB, or to all CBs
within the same bus subsection (step 113), see also the above

description.

25 After the fault is cleared, operation continues with the re-
maining CBs closed (step 114). Using such procedure, most of
the components that are not affected by the fault can stay
connected to the power system 10 and remain operational. If a
running generator was disconnected from the power system due

30 to the fault, an additional generator may be started in step
115 (i.e. its associated prime mover, e.g. a gas turbine or

diesel engine, 1is started}.

It should be ¢lear that the method may comprise further
35 steps, e.g. the back-up overcurrent protection mentioned

above and in table 1 or the like.



10 the stability would be conprom sed, the shorter tripping tine or del ay
shoul d be chosen. Figure 2 is a fIOM/dggyLan1giving a schematic and
condensed overview of a nmethod of operating a fault protection system 15
according to an enbodi nent of the invention. The nmethod nay be carried out
on the powers systemand fault protection systemof figures 1-4 and
descri bed_hey ei nabove, Note tha e e I b erei 0 can be
part of t %3%%t%%%?la}?h%%%%d%%%§%gr%E%ogfgggﬁgéétﬁgrgh%MmQ$€l¥€%ure 5. 20
In step IHanghez podenrodysieatlonsscaperatvdde nwatDP3t ndelea vt inpefadion,
with the éég%é’rgflkﬁﬁé fﬁ@éﬁgioﬂ-huﬁhe' %ré§e§t’f éﬁﬁ&@%eﬁ@s FUA- L0 e
generators for the three power system sections 12, and since the generator
can be opertbderadalmorel 25ceperesent tedhferatlee 2uAsumpt TRRtBRe CO2

eni sskon €£afe beafi@ditedehahfe st 80nlNG, warhan! thoceessindhendi dderenti al
protectio nag be conf%gu&ed to r&a t fastest %see ta%lg 2%, so_in step
103, 30 itSPSY chaRKRCT f R RPPFFRrent Al ™ Prof 8ct b PFeks upe a®Fault. In
the affirmedcoe, thdeelBs in the respective protec- tion zone are tripped
(step 104). If not, the directional protection (step 105) or the
over-current protection of the feeders (step 106) may pick up the fault. If
the protection 35 relay of a feeder CB detects a fault (i.e. by detecting a
current over a defined threshold), the directional |ogic checks if the
fault is downstreamthe feeder (step 107). In the affirmative, the feeder
O3 is tripped, e.g. inatine t3. 31 Also, a blocking signal is send to
the protection relays of the upstream CBs (step 109). If the decision in
step 107 is negative, i.e. if areverse 5 current through the feeder CB is
detected, the feeder CB is not tripped imediately, but tripping is del ayed
to allow the tripping of another protection function, e.g. the directional
protection in step 110. If the directional |logic detects a fault (step
105), the respective protection relay, e.g. the 10 master relay issues a
trip command to trip the appropriate CBs according to the logic (step 110).
If a blocking signal is received froma feeder protection relay, no
tripping conmand is issued. The fault will thus be cleared either in step
108 or in step 110.



15 If the fault is still present after issuing the respective tripping
command (step 111), the breaker failurg.protection will is carried out in
step 112 with a certain delay, see table 2. As nentioned above, the breaker
failure protection de- 20 termines if a CB failed and issues a trip comuand
to CBs on the left and right side of the failed CB, or to all CBs within

t he sanecggﬁ %ubsection (step 113), see also the above description. 25
After the fault is cl eared, operation continues with the remai ning CBs
cl osed (step 114). Using such procedure, nost of the conponents that are
not affegteq lﬁéutmep}‘rf%%letctq% shak PTeG el thaawer By e kf-and

remai n operational. a runni ng generat or was di sconnected from t.he power
r in step

syst em dGeM3Gatld vt RO SEAHNE Say S ltri SHAT Sgéhdrift SRy P8ty
115 (3 . ecobT12eS0GI o PIHi fiaTLore s & 1g8s ddiiineiray direseloengi ne,
is started). It should be cl ear ngtt;he ”Eﬂﬂﬂgtﬁﬁﬁng%_éfdﬁig &&ﬂgr 35
steps, eM§Te RESpRARSGs \vercurdnt priotidct o Hisntioned Above and 11 t abl e
1 or thetliieke.(1732 wWiidhe cepecidt ¢rentbodi neniseErieordi scl@seid: kerwing  vari ous
changes an i.fi i Jrade. v u e i cape of

t he inve%?gggg%fﬁgﬁ%%EEQ%%%%ﬁﬁgﬁinentémg%gpt%{%egggﬁgl'é%%gﬂ?% a{? respects
as i || usbuat iswdsard ivos rtestiiesk hd v e i Al SO ERHGeE oM IRESH T hi n t he

meanj g R4 eqUiarsd eRQy Jrangs P idhe appendach <l al gp, e | hendagk-d-0 be

enbraced therein. 33 Clains 1. Afault protection systemof a power system
(10) of &CHFLoFamiYSHIY GWHR4SSEd vessel, wherein the power system (10) 5
conprises a power distribution bus (15) conprising three or nore bus

subsections (16), electric .connections inc ing bus ties (17) ich
connect the bis KIEFEL C’lror!Fs“?(clL@)eE ik‘jnma‘_jskreirngJ Lic%’nf%%r%?‘f%ﬁl% c1ac‘%’ér,\%;léu]ig
breakers (41) teonnedtied chethwednd heibmectsibseCtéons to break the electric
connegl ons, wher el (10 f o afe | eastopne of o Sal fs bugs subsecis pngo£ 16), the

faul T” protection system conpri ses: _
coupling one or more loads (30) to the bus subsection

(16},

a first circuit breaker (41) via which a first end of

the bus subsection (16) is connected to a bus tie (17),
20 said bus tie providing the electric connection to an-

other bus subsection in said ring configuration, the

first circuit breaker (41) being a bus tie breaker,

- a second circuit breaker (42) for coupling a second end
of the bus subsection (16} to a further bus subsection

25 in said ring configuration,

- protection relays (71, 72, 73, 83) coupled to the cir-
cuit breakers (41, 42, 43, 44, 45) for operating the
circuit breakers,

- communication links between the protection relays (71,

30 72, 73, 83), the protection relays being configured to

exchange information via said communication links,

wherein said protection relays (71, 72, 73, 83) are config-
ured to provide at least
35
- a generator protection zone (61) including the generator
circuit breaker (45) and a generator {Z21), the protec-

tion relay coupled to the generator circuit breaker be-



a generator circuit breaker (45) for coupling a generator (21) to the bus
subsection (16) 15- one or nore feeder circuit breakers (43, 44, 45) for
coupling one or nore |oads (30) to t he3Bus subsection (16), a first
circuit breaker (41) via which a first end of the bus subsection (16) is
connected to a bus tie (17), 20 said bus tie providing the electric
connection to another bus subsection in said ring configuration, the first
circuit breakernq 49nbiedepd busprPel ¢ cakekiferenpiabdpfRt eFtEem t 'HF eaker
(42) for couplifg Z.seconehend of the bus subsection (16) to a further bus

subsection 25in said ring configuration, rotection relays (71, 72, 73,
83) cpupled“tdatm%sc?%%LE¥O%ﬁ%%k%?sz?%ﬁ,(§§1 %%?iﬁg}nﬁ55h¥o?é%p%+%ting t he
circuit breakesseak€pnmam) cath®nohs nkse bet weeand he puntiect ilonsrelays (71,

3072, 73, 83), the pro tion_relays bei configure hange

i nf or Mati on vi}%\r%%ll“gr ci)mn‘f]c%t‘?%ﬁg]?i ﬁ‘k%?guv\?le?le? %lssaﬁq%&%%%?e%?i 1g}zrl(légr el gys
(71, 72, 73, 83)harebeondilgzeedion, provieen gproeastiads ralyenefddorss)
protection Zong,(68dqi 6! Uel NG, & Nes GeRLLakors CLILHI LrOr kel ok AR Bpd 2
generator (21), e protection relay coupled to the generator circuit
breaker be- 3dréownideoniffrrential ppovteet howi feerbheiArspiotettibn for the
generator, a bysgtie protection zone (63) including the bus tie breaker

41), the b ti 17 i i i
(41),, the bus {1 (1), and 3 (uther by tie Sbigsker,(41) 4l uhigh, e

subsection (16} and the circuit breakers coupled to the
bus subsection, the protection relays coupled to these
circuit breakers being configured to provide a differen-
tial protection for the bus subsection {le).
15
2. The fault protection system according to claim 1, wherein
the electric connection at the second end of the bus subsec-
tion (16) is provided by a bus coupler, the second circuit
breaker being a bus coupler circuit breaker (42), wherein

20 said protection relays are further configured to provide

- a bus coupler protection zone (64) including said bus
coupler and said bus coupler circuil breaker (42}, Lhe
protection relay coupled to the bus coupler circuit

25 breaker being configured to provide a differential pro-

tection for the bus coupler.

3. The fault protection system according to claim 1 or 2,
wherein for providing said differential protection, the pro-
30 tection relays coupled to the circuit breakers in the respec-
tive protection zone (61, 62, 63, 64) are configured to de-
termine the currents entering and leaving the protection zone
and to determine whether a fault exists in the protection
zone based on the determined currents and/or on information

35 received via a respective communication link.

4. The fault protection system according tc any of the pre-

ceding claims, wherein at least the protection relays (71,



ot her bus subsection, wherein protection relays (73, 83) coupled to the bus
tie breakers (41) are configured to prguide differential protection for the
bus tie (17), and 10a bus subsection protection zone (62) including the bus
subsection (16) and the circuit breakers coupled to the bus subsection, the
protection relays coupled to these circuit breakers being configured to

provi de g di ffanentd alo Rt ectian dorathe hus,isubsecty ohd e déeorda The
fault protection systemaccording to claiml, wherein the(g]ectrjc

connect i 61 T ithd SEdehd Ed i S RPBUT SRS R iR Y% ¢ Frevi e by a
bus couplafst ddiel secand «d ricitidt brreakers bei g 27 busn€oupl ete dbu€ usdb-br eaker
(42), wherein 20 @ggd protection relays are further configured to provide -
a bus cotfEr Pt ot'ettion zone (64) including said bus coupler and said bus
coupl &r circuiL breaker (42), Lhe protection relay coupled to the bus

coupler o rcyi r ing c i .qur vi de Lffer ] pr o-
Feotion ot e Boe canptar o e B e B el bt Aot a1 hy o
claim1l 6rhe2 PuMHer@iip ore brovi eyt odi o diie edemTaloprot €etion, the pro-

30 tectigndAlays coupled to the &irewit bFeakers(in) thedrespesstyed
protection zone (61, 62, 63, 64) are conflgﬁred to. determne, the, currents

ent eri ng AriFteaRiREitle ot s orPTbha and to betler hiseS whtthdtta faul t
exi sts i miAdkgrotetti on zone based on the determ ned currents and/ or on
information 35 received via a respective comunication link. 4. The fault
protection systemaccording to any of the preceding clainms, wherein at

| east the protent iomrralaydsi (Fitions F2)theouptaduronghecintstoti toade

breaker (41) ang 1he éf&oé@ir?&{r%fr'iﬁobﬁﬁﬁkﬁﬁs(ég}}s@%giSHnugwegrt0 provi de
a directional protection for at Teast the bus tie (17) and/or the bus
subsection 16)hesfirst circuit breaker or the second circuit breaker
15 are open and the current direction at the respective
other end of the bus subsection is pointing towards the
bus subsection {16}, or
- the current and voltage at the first circuit breaker or
the second circuit breaker are below predetermined
20 thresholds and the current direction at the respective
other end of the bus subsection is pointing towards the

bus subsection (16).

6. The fault protecticn system according to any ofwclaims 4~

25 5, wherein the protection relays coupled to the one or more
feeder circuit breakers (42, 44, 45) provide a directional
over—current protection, wherein, if the protection relay de-
tects a current above a threshold in the direction of the
load, a blocking signal is provided to protection relays cou-

30 pled to upstream circuit breakers (41, 42, 45) to block these
protection relays from tripping these circuit breakers and
the respective feeder circuit breaker is tripped within a

predetermined tripping time t3 after detection of a fault.

35 7. The fault protection system according to any of claims 4-
6, wherein the protection relays are configured to trip the
circuit breakers coupled thereto within a first tripping time

t1l after detection cf a fault using said differential protec-



5. The fault protection systemaccording to claim4, wherein the protection
rel ays coupled to the generator circuitebreaker (45), the first circuit
breaker (41) and the second circuit breaker (42) are configured to trip
these circuit 10 breakers if - the current directions at the nmeasuring
points of these relays are pointing to the bus subsection (16), or - the
first cirawnt, bhneaker tefipt hdeSsedonthial auwiakchizeakaplidarecopen andhthe
current di re%toi on tat. th?1 r%s%ecttizve therdee%ré%t%fo t%g bug %Lﬂsecstii on is

poi nti ng %t Swards thePbus Isun: §btioﬁf%f%§, or —the “Cufr et and ot age at
the firstsadid ciiredirieakér pow telvd iseconthegiericuithebricaledr tarigpbelgowine

predet er 12?% %91%*1&%%“%'&% and the Gy rt?:!l?thnf ¢LiQn a3t the respective

ot her en t he bus subsection i's pointi war ds the bus subsection
(16).> 6. The fault protection systemaccording to any of claims 4- 25 5,

wher ei n ghe OtRehitoR Hoelads FouRlLdnt adheang eb mee Jreedrr Gercuit
breakers (42, 44, 45) provide a directional, over-current protection,

wher ei n, SoA e PFrdtBet VEFTEMay e PHOGGE 197 FE1EHt Qowd8 (49 &€¥ol d i n
t he di r eeico® rofndirike fleeaidr & iblcacki Myesikgnal pdrevireyiaded dro-dqurateedt | on

relays cou- .30 .pled to upstream circuit hreaker 41, 42, 45). tq bl.qck
ot pr St SLEroR T M RO Fotia (Ree Tt Bae NP eaicer € HHET HE-
respblti vhef gedgrectiiveuip diesdken irsliay gisdealist i v qgenddetrertfiened

L1 pping iR ot $rat 61 dplRel 0B Qladt dratilded $h-Eenbie faul t protection
system according to any of clal 4- 6, wherein the protection relays are
configured to trip the circuit breakers coupled thereto within a first

trippingdi Mde ira@fiteh rdeireticon Ofst@nf alddodsimg 2RI inf feer eMdlimpr ot ec-
the protection relays coupled to the one or more feeder cir-

15 cuit breakers provide a directicnal over—-current protection,
wherein, if the protection relay detects a current above the
threshold in the direction of the lcad, the respective feeder
circuit breaker is tripped within a predetermined tripping
time t3 after the detection of a fault, and wherein, if the

20 protection relay detects a current above a further threshold
in the reverse direction, the respective feeder circuit
breaker is tripped within a predetermined tripping time t4

which is larger than the tripping time t3.

25 10. The fault protection system according to any of the pre-
ceding claims, further comprising a breaker failure detection
system which is configured to detect if a circuit breaker
failed to break the electric connection after the relay cou-
pled to the circuit breaker issued a trip command due to a

30 fault, and, in case of detecting such failure, to trip one or

-more other circuit breakers to clear the fault.

il. The fault protection system according to claim 10,
wherein the breaker failure detection system is adapted to

35 detect the failure of the circuit breaker by detecting a flow
of current through the circuit breaker or by detecting the

status of the circuilt breaker.



36 tion, and to trip the circuit breakers coupled thereto within a second
tripping tine t2 after detection of a dult using said directional
protection, wherein the first tripping tinme tl is snmaller than the second
tripping tinme t2. 5 8. The fault protection system according to any of the
precedi ng clains, wherein the protection relays coupled to the one or nore
f eeder cilicuiTthehrieaker o mprimd dieora oxererc \reemtd protteetd o whered n i he

f eeder ci if..br i i i . [.es ive pr i el ay

det ects gh%r%lerﬁtﬁﬁq{%éeaﬁ?éefed%&eltq#at C?ésl[% olv(ger?a %eé eﬁe?n%)%‘%%%%cﬁ&eéhol d.

9. The f&dle@pridiectdwit system according to claim8, wherein the protection
rel ays coupled to the one or nore feeder cir- 15 cuit breakers provide a

di rec%i onal over-current protection, wherein, if the protection relay

detects a currenttTHbdvie $thee i Eshdt iR 3 R hed il § et on BFPR M | DaRHS t he
respective feeder widaowid dif eakerotiset réppeast widivua predet er m ned
tripping tinme t3 after the detection of a fault d erein, if the 20
prot ection rellaf;, Bt B U reitibo R S T t%%ﬁ?%&%oﬁﬁl?%l?%ea reverse
direction, theimspdrtinefeaedar e culiliebreakerf isadh i ppetchav bibs nswb-
predet er m ned Welell ' i ' the tripping tine t3.
25 10. The fauﬁte{dt%gor{%c%dggeést%%n?%%%r%ggé‘?% of the preceding

clai b8, furtherf ddfpraisigtebreaketit diferkederect i bmdystemrithi ch is

configured toyatacdr ifaid &l QY tebigakes {ailodhdp breakitherelpetsic
connection after the rel ac}/ oupled to the circujt breaker issued a trip
command due t &HRFFEITO tj}?d,sain?'?d%lé% VIOt et ng such failure, to trip

one or nore other circuit breakers to clear the fault. 11. The fault

protecti system according to claim.10 erein. the breaker failure

det ect i o;i%s'ys emis at asg&eé’g qtg %@%%%Jc?a i+ Cﬁ Y%%S%ir%?ﬁ‘"t br eaker
by deb ectrimigsiand loov aofl tcyrrardctt oo ugys tdre aiceuiindrieakany oot byhelet ecti ng
the statusQfedihgy creyid breaker. 37 12. The fault protection system
according to claim10 or 11, wherein the breaker failure detection system
is adapted to clear the fault 5- if the first circuit breaker failed, by

trippingia .bus ddigdir eakelpom itihe; of heruend, aftdbes bussyi€em of a
power system of a dynamically positioned vessel, wherein the
20 fault protection system is configured according to one of

claims 1-12, the method comprising the steps of

- detecting the occurrence cof a fault in one of said pro-
tection zones by means of the protection relays coupled
25 to the circuit breakers comprised in the respective pro-
tection zone,
- tripping the circuit breakers in the protection zone in
which the fault occurred.

30  15. The method according to claim 14, further comprising the
steps of

- 1f the fault was not cleared after a predetermined trip-

ping time tl, using a directional logic provided in the
35 protection relays to detect the presence of a fault in
cne of the electrical cennections or in the bus subsec-

tion and



- if a bus coupler circuit breaker failed, by tripping a circuit breaker at
the other end of each of the bus subsections connected to the bus coupler,
10- if the generator circuit breaker oB8a load circuit breaker failed, by
tripping all other circuit breakers connected to the same bus subsecti on.
13. A power system of a dynam cally positioned vessel corn-15 prising a
fault protection systemaccording to any of the preceding clains. 14. A
met hod of opertatipmirg fahe tcirotiee thonksst crpwica- Povid /a1 e ettal -
dynani cal |y posifiongth vesselor Wit aiis theo20-faah | megiecti@mpystemis
configured according to one of clains 1-12, the nethod conprising the steps
of - detecting the occurrence of a fault in one of said protection zones by
means of the protection relays coupled 25to0 the circuit breakers conprised

in the respective pro- tection zone, - tripping the circuit breakers in the
protection zone in which the fault occurred. 30 15. The nethod according to
claim14, further conprising the steps of - if the fault was not cleared

after a predetermned tripping time tl, using a directional |ogic provided
in the 35protection relays to detect the presence of a fault in one of the
el ectrical connections or in the bus subsection and 38 - tripping the
circuit breakers connected to said electrical connection or the bus
subsection, respectively.



