HYBRI D PROPULSI ON SYSTEMS FI ELD OF THE | NVENTI ON The present invention
relates to hybrid propul sion systens suitable for use in nmarine vessels
havi ng vawoablw7peseer requirements during operation, an@Crawssysiesre4 and
met hods for managi ng energy flow in hybrid propul sion systens. BACKGROUND
Energy conservation and pollution control efforts are driving devel opnent
and inplenentati on of propul sion systens for mari ne vessels and for other

heavy duty, variable deman L cat i t both fuel consunption
and hatnful enissions. Di e%é%@ﬁ%ﬁ%@ﬁlsﬁg s been used on

submarines and surface ships for many years. In general, a diesel engine is
coupled to an electric generator, which supplies power to an electric notor

that i s nECRER QEMHE INYHNHIQN a propel |l er. Various types of conbined
cycl e propul si systens that utilize.t or rre distinct. [ sources
for propul si on heitRsr ragafmercsr SEpPd rotitidy & drb SHalie Foe Mg ea.
For ex@nphRrine ve¥sBIOGaliaphaiined poives BlquitmEas Huahg spgeid) an® @ Vystess and
propul sion either by diesel engines or gas turbine engines, but not both
si nul t aneB\¢H10gs farimaggingeaergy losomAsbridosenubden ists®  And Gas) arr angenent
woul d al |l ow both types of propul sion at the sane tine, as well as
i ndependent|ly. Conbi ned cycle arrangenents have been used with various
conbi nat i BACKGROENS , diesel-electric, gas turbine and steam turbine
propul sion. The Royal New Zeal and Navy's mnmuJtij-rol e vessel HVNZS Canterbury
has a Conbi nedERFigYONEEoN; ndapef 0B st CEfPADR D FEPHE IeyrORPSHetd U, S,
Pat ents 7, ; i i I |54 4N i C i cal
s 7, 2RdleSestalidd %'f%ﬁ%ﬁﬁoﬁ@y eil?llsoﬂ%H mar{e %é’s%&l@rﬂgd fe%g%} geag;? Bayp]

drive shaft extends thro the hu and 1s driven by i me” nmover
| ocat ed warmbie dérearshapplioatidng that redeetboittc fumbcomsumptian hod hianmgfué xtressmals. t o

t he shi hr ough whi ch t he nechani cal drive .shaft, extends. JThis arrangenment
o ovt don. DHCEERre pE s e L e BB FBES Wi S POty g o

accomodalLo@eft!d HiesdIRhghs iNduBicd th iafictc@tic dHnBratR! whRAGEpMcs PowBE R arA
simlar type of electric pod propul sion unit has been con%lne with a
convent i oplaftriginesser thatis pracBardenllyyooupled itha beegallerN. and Numaguchi, Haj i ne,

The First Hybrid .CRP.POD Driven Fast , ROPAX Ferry.in th rl Transl| at ed
{rom Sbur nal ot SHAEY BIPRE VeiorTR s 1E Promsp: sty MGl o A3l
1/ 31Not Wi HRgh@npbwg idwess Rk fropdsibn, pitiyi @Wectbebi ReghrMeBP Hast QilsosS Y&dne s
for mari ne vessel agplications t he conbi ned systens have shown

8

di sappoi nimpgMERsH| Far e@a}pﬁq,@;ﬁ(appgﬁ {GOmbingg DifscbQe Kap) arrangpmepicprovides
perfor mnﬁﬁ)pﬁfsfdncéiﬁf%? )Sy d%&ﬁéﬂg%[k% Jreéw Gl en\éﬁ{eiaﬁdtlﬂ& )60tha§?1%ultaneously.

In contrast, a CODAG (COmbined Diesel And Gas) arrangement would allow both types
25  of propulsion at the same time, as well as independently. Combined cycle arrangements
have been used with various combinations of diesel, diesel-clectric, gas turbine and steam
turbine propulsion. The Royal New Zealand Navy’s multi-role vessel HMNZS
Canterbury has a Combined Diesel Electric and Diesel (CODLAD) propulsion system.
U.S. Patent 7,207,852 discloses a ship propulsion system in which a mechanical
30 drive shaft extends through the hull and is driven by either a prime mover located within
the ship or by an electric motor in a housing external to the ship through which the
mechanical drive shaft extends. This arrangement provides the benefits of combined
cycle operation without having to accommodate electric motors within limited interior
space of a ship. A similar type of electric pod propulsion unit has been combined with a
35  conventional diesel propulsion system in Ueda, N. and Numaguchi, Hajime, The First
Hybrid CRP-POD Driven Fast ROPAX Ferry in the World, Translated from Journal of
the JIME Vol. 40, No. 2, 2005.
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ability to respond quickly and efficiently to a range of propul sion demand
situations. SUVMARY In the present hybrid propul sion system energy for
propul si omorzags/iesssuppl i ed by main engi nes (e.g., di eselPCEn200898¢724 ot her
types ®f pri neNobvighstaadgigntbe)e dfforta toliprestde comatheet prapulsonfsygemaféromaritey

not or-generators..(e.q.,.diesel-generators iin a diesel-electric .

Cont | gor atPorhepPHgsss b sSBRIEESTELR: Bt SrEaeT B COM QPRI o
by any copbicha bPovahll g 28d PBELAYanSO ¥ift@Scy VaaBSbnd Rldattid0 d8Sa@ne, and
auxi liary energy demands, such as wi nches and other operating equi pment,

may al so Beliapirespoad qpigklytaadefii¢mlydn arrayeesdireiadsiomderasnsk gipatieivagement
system swi t ches between and/or anong avail abl e energy choices and alters

t he operation and output of the various energy sources in response to
propulsi veUMMAREMaNnds, hotel |oads and/or auxiliary energy denmands,

i npl enenting multiple operating mpdes. Operation of the propul sion system
across mul ti pl B BeEFeentiy e deapuiiionystcahenergy 404 IAPESion Ry hessnpl

systeni s t api.ous i iﬂg& ngd i

per for nan{cngiﬁfe) @g?se c%/ g#eg#heg%g{\%grogl sytg?%mgf; g?ﬁ gg%ieeé%}sh%é)nglr gydlrs?(c)tur ces
i ndi vi duahleghanied uenifipgraitns by ansoragedesmairs 64.y.1 dgsd-geangeroin ediesdreladeand( s)
quickly and efficiently. In some enbodj nents, an automated Energy. .
Manageirenf® g%lfaémnz,%vsﬁ{orﬁ%ﬁp ivERt @ aawﬂhggitaﬁfp%ﬁw%%wﬁm&f Btiodpl e
range | of sy &M ARREAJuRSs TOYES PAGAYNRAT Mal diki i fdusro9P&iidQNsivh sshe
various energy sources to satisfy propulsion and other "énergy demands. The
hybri d propdhss end sfkdreopcodtinghequppesEnmaynslemtheosatisBedd &g cthe Bodridi ¢nergy
reference to a rine vessel propul sion s em and i ncarporates an

| novati vE SRS oath LGP HETBr P Lo I PROET GURLr: BROVE HGLDS em i s
especi al | ¥ngpy todbices hRd aUsH 1h HREERhSardiavhtRet bf @t PARARM| &icv® k@atescapaci ty
requi renents and vari abl e power denmands, where hi gh power is generally
demanded fasponsat ter pioptlsive lopdredopranids dhotelTinadsyandiod pxdpny sineigysJenads s

described. w erencqg t N i.ne .q., diesel ' operating
in co?\(]ger P%\lnggﬁﬁtﬁtﬁ 81;?1@ %’g%eogjg{agp E urﬁlgl $ i ?pél%t g%IOfgtrh ?\/pgrPPlﬁg,ghgﬁgﬁ)empfg%Be | er
ar r angenenfultgié opasitifpesodes calloly giignia dDtheus@pulsion syBfchMe rysa&l & such
as tugboats. The hybrid propul sion system may, however, he enployed in

ot her mar Vieousseadifiensig aphrncsp the foehiad raefpamncs splciesy ob s ovard systeiay be

P oment g g AL OB AHS. SL v LG 1 el ©
ener gy sounagy domynd(b)squitidy iand effpoemlye dini sonsyatbodmortst dreaysomsiedtEnergy
| vent ony 15200, 1OOLPCT 2 The Aver!  Bropul s on, syeLom pravides the
consi der ay@erh bferhihgd mbesMnliRyhe@rhdy SRS 8péh Qs 8f thORaridii&nergy sources to
satisfy propulsion and other energy demands.
The hybrid propulsion system of the present invention is described with reference
to a marine vessel propulsion system and incorporates an innovative approach to marine
30  propulsion plant configuration. The system is especially suitable for use in vessels having
high propulsive load capacity requirements and variable power demands, where high
power is generally demanded for intermittent time periods. The hybrid propulsion system
is described with reference to main engines (e.g., diesel engines) operating in concert with
motor-generator units in a dual driveline, dual propeller arrangement and was specifically
35  designed for use with marine vessels such as tugboats. The hybrid propulsion system
may, however, be employed in other marine vessels and variable power demand
applications, and it may be implemented in a single engine, single drive line, and/or
single propeller arrangement. Additional energy demands may be satisfied and additional

energy sources may also be incorporated in systems of the present invention.
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hybrid propul sion and energy managenent systens described herein mnimze
the unnecessary operation of nultiple nain drive engines, operate main
drive engwoesodnbesowi t hin their high efficiency ranges, pamasp@smsd72si ngl e
or smafler engThedybod mmpeldsicumﬂﬁtws)m@é@sﬂleraeduyitu@etn@mﬂa ftoed ambnslbampt i on

and harnful em s. The design pro 'd s .far flexi bI conf.l qur.ati

o el b A A o HER, el abRb B Foat i e P TR
propul si 0Rybrits ipg RS tanldCeRREF IardbOhate AR AUEARNHEE ROVRT mEAANAS $hon

t echni ques The system accommopdates the use of alternative energy sources

when suchusesgessesy epcsatipnagf] mbltiple peinhdibyibengiebsanperitegnaiauitiviei agincs oubces,

such as sho e- asegneg%outr es. The flexibility .of the sglstem allows it to be

1 CIL, ICIEngy ran and ingle “or,” s engines “to- power
confi gure&' 0 meet r ahge B> vesspesf[rll(}u% cycl es and wer 0 P

requi nerreﬁﬁﬁeroﬂiheoaai@vmdualhgadwerméltcoa&urﬂptmuhﬁ ﬁﬂnﬁﬁlﬂeﬁnﬁfwﬁ Ceﬂleadkfilgho ntrol
t echnol ogi es. may_be operated by the Ener ay Mana%errent stem ( .
requiri ngPTOIVidteﬁefObﬂeﬁ 16‘0[5@? %tloeoﬁml% Yi WpRfpora eedmpfnée% %?ﬁ‘é Rlectric

erbodi 1ok o L0 ErbRGARARY R, BLoRORRLEHLIARCLAR HONREI RLABE co RERRE 1 NG

mul ti pl e sources ower ciency across a wd
range of pchpigqhss \/Hleasr;dtem haonemetagy thl@nmd&alteynaewplenwgyg;ouncm ezlhbmgmﬁ
| oad sharin energ db {) ution and torq t| m zation tech

{ablerg pet ?

this way, 5¢ %esv@fgsaéw p?lﬁ’ﬁﬁu‘ids?%ﬁéﬁb@ Y Quress, sgfhe %%ISQIq 3?@3) and

ot her @”eﬁcﬁﬂce%OW‘Héeﬁex@Jlﬁty%f‘ tht ZR&RLIGNON ETLicBhBARY BFMRSS) Ridd IRl &hge of
requested shaft output speeds. 1n general, the main engine(s),

mot or - genw%@lahl(t}swcl%wmdIppanelyregem@nattsr(s) and storage battery(ies) provide

f bot h | d d tel" |oad
pover For oot gt g 1, o0 A Lary SErme S LR el o
equi pment b %ﬁéﬂafe'drl@l ﬂ@V\Eﬁer f Md’hagémé!ﬂt NGREsn (BNS),t RGuikink Qittld B ndBdPRrator

propul si on engi nes esel glnes) are nechanically coupled to the
drive | i neomipl pfahs Peﬂco@illég ot someiem @@men@rthe@w&lecaeﬁb@ efr eondigyng thtked to

not or ne r 0 0 in
propu §i o] eng[‘iﬁ n@s&%Ia ?gn Hmﬁ qgwggeﬁdqfs)\{(\%ulﬂs ?th%rs fhtlé}t ge?ﬁéggﬁéng%%ﬁ er)
or the not @Vldgeﬂ%readﬂ)[ﬁ()pl)lmvel’anb(lﬁﬂfer @efg@rn&ﬁnmd@rbytéa@lbmg ‘aaciipele” asddl t he
operating node sel ected_or inplenented. The notor-generator(s) are

gener al | ySHy&B| &isTey @létr@r}e%@@ 1950US| QBN ZYORPRNEISS s [piHis, iy tehEsss % o an
511 Gl U GRS (5o ) SRS HOLF1 3486 MBS0V 1
oper at | nghighaéticiomdyewass edvideEfaage pt cahestetkshgit odisit lslbdads i ingenbrag ulhoiain t he
Z%; g? :c Fﬁg‘fﬁ%lg):n;gﬁto? ﬁgt?ecf%fo{ﬁé ayx Pafn;h%%nglrg‘for(sg eal?lgr storage abal‘g%gry 1%?) plgo@qdet he
power for both propulsion and auxiliary demands, such as the “hotel” load (lighting, air
conditioning, domestic water pumps, etc.), auxiliary equipment requiring power, such as
winches, and the like.
The main propulsion engines (e.g., diesel engines) are mechanically coupled to the
30 drive line by means of a clutch device, for example, and are also linked to motor-
generators arranged on a common driveline. Output from the main propulsion engines
may drive the propulsive output shaft (e.g. propeller) or the motor-generator(s), or both,
depending on the load demands and the operating mode selected or implemented. The
motor-generator(s) are generally available to operate as either generators supplying
35  energy to an electrical distribution system (e.g., bus), or as motors driving the output
shaft, depending on the vessel’s propulsion demand or load and the operating mode
implemented.
Electrical energy distribution throughout the system is supplied to and from a

common bus, generally a DC bus, and the energy flow between the DC bus and the

40  propulsion motor-generators is preferably bi-directional. Bi-directional flow allows the
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propul sion notor-generators is preferably bi-directional. Bi-directional
flow all ows the 16300. 1001PCT 3/ 31notor-generators to supply excess energy
to the buwwowh@n76ésey have excess generating capacity, werCrasadososqgesmtting
t he noi or mpémegeatwiass to suhpdyvexess gyerfy donthehleusbeiberf they dpee akéoos gaiserating

propul si ve not ors, when exce ener is avajlable. The mainh ener

B orr 1 but Pl sy derarng H5 Shrerdenrtan fo St aar R BBy e BOW o one
Or nore epgddorsS b9 MAGRISYS edtrs(®héh cRadst &n¥rdyaRk§ailabel Mrhé ihdn Chrrgi ng of
the energy storage system when excess energy I's avail able and draw ng

ener gy fr emirtiédon bs alye gsyaselbnpighiales heddeddiongracsy ey itwere o BATCOMSESY

onboard or, auxiliary systens, ,Su as._auxi | i ar epegrators, shore power,
oind or wapBHR syh Bt R MRy RHET RSB il I LRE AL RRHE

| i ke, 10y wiks @xb&ss Sanpfdyl Bdatailabladeandadawee cgyrgdi Bdrhi tautstaBgdygsterAUxhdn ary
ener gy demands, such as hotel |oads, w nches and other operating equi pnment,
and the | peeded malingigy glegaeds dony othey amberdt preaydlisry eyystegy drdr ps BUXlidl bus.
During pet,i f - ar__| I i . b t by
oy Conbt FeRfRoR Y pBRERG o A WillEeD OB LSL N TR RN, |

vi a the mandtherdegmadiabbrbicupplon tDEhdburimadrgedipebutive beonXexiliery skergyWhen

propul sion dengnds require | ess.than 100% of the power generated, excess

pover myg%a‘{@eﬂ”{l&sg’ﬁ%ﬁl JRadb ging sy %P?froc?g@t@ﬁseﬂewv&%a/aaﬁ@%ﬁk%fngﬁyot her
ener gys degRy@s satified Mol ind nSyS LAY NRETRKLY bEEMPUHREPerddsl0aR dEMBnFQUT CES
provi ding energy for propulsion, rncluding at | east one and preferably two

mai n pr opldadi the peorgilners d¢reargls mayi lsmbt Bngiynas)hinatvd dtbalteysindemeusihdry
preferably t el ectric, notars/ generators arranged..in-line with the.main
D opul o1 vEesgPnRST ey TRRDRT o3 BELRuR Sheriht BRRENb e B dhit it a

| east onecaiverbkS) Wh@tﬂbﬂ?&hls@%ﬁan@ vefira SesRtRRL] 1085 05 e @ gedertitcly e ( S)
by nmeans of clutches, or functionally simlar devices, allow Q‘g i sol ation

of the naP¥reanpRwrs(edy kentbed freehar gothe eRereh stoprgs pustemand@r patisfy efacgidgrahe
pr opuhéi ve. Qut put menber when the main engine isn't operating. The use of
cl utches al'so al | ows operation of the associated el ectric notor/generator

as a gener at or Thodgpéede@ndm gEndrii@y poaPiles iad feagtrtimoadouit@s pldvedin@ienergy dpul si ve
engi ne(s) can be used . to drive notor/generator(s) provided _on a comobn

dri vel i nePWiPElsIHs Ingludig At leaseone Ay RiefCrblpivermamprory)sive paineseggylisthr age
capaci ty n 2, a%:d,zaqqea%pgn o h&%r%ﬂg%o %?&ﬁ?cgglro}'o&/ge I Hﬂsda‘?raﬁgﬁf ﬂ%lir{eor
nmeeting the veSsel's propul sion an uxi I'iary demands during périods of

m ni nrum demthrtbe ardh popabsicsinginee Ihs traotoi/gensedtorsdnytsrage pref@nblyn limdragbto at

e S SnSt il Lot Sxcect ol lnG poL 1 snalrne cagaclly
al | ows t hgaysl &P fdcttidaflgQihie 4dviRs! 8 HEdsdIfion of the main engine(s) and
operation of the propulsion driveline and the propulsive output member when the main
engine isn’t operating. The use of clutches also allows operation of the associated electric
motor/generator as a generator independent of the propulsion driveline. The main
30 propulsive engine(s) can be used to drive motor/generator(s) provided on a common
driveline with or without the Z-drive coupled.

The system’s energy storage capacity may be sized and configured as necessary to
provide energy for meeting the vessel’s propulsion and auxiliary demands during periods
of minimum demand and to assist the system in satisfying interim power requirements of

35  short duration that exceed on-line main engine capacity. This provides system flexibility
and improves responsiveness, because it allows the system to bridge the time required to
bring additional generating capacity on-line when the increased power requirements span
longer durations. In one embodiment, chemical storage is provided in the form of lead
acid battery banks. Alternative types of batteries and energy storage devices may

40  additionally or alternatively be incorporated in the system. When rotating reserve energy
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bring additional generating capacity on-line when the increased power

requi renments span | onger durations. In one enbodi nent, chemcal storage is
provi ded wo 200w 76@spm of | ead acid battery banks. Alter n2CIrus2a08086720f

bat t er $ esisaavdildiertyy systam’ a@aerw\M@memalyt Scheting {IOVI8) bses dhe powaravatiblelny be

i ncorporated in ste rot reserve ener 16300., 1001PCT
41901 & bicitag et oierd HEy B ns s Bl P A A Ret S By T RS e
power avaidedfohr téalutrbﬁeﬂﬂf@%r ®bpilsibeahd W&ﬁha@yﬁﬁug)l e to replenish the
energy storage reserves while nmeeting the power requirenments for propul sion

and any auxili &hg hybadspromhléwﬁybsrsmn p}f@guuwm cbbabtb@m deatvenl isystsma vdthal  bus

el ectrical__s with appro rlate venters d|n di ﬁ; onal
ener gy f1 W rtlaﬁleeg?lmﬁgersn]% 1téledslrec %aloePer re A l?slélé%glﬁcir Ilmﬁseps)row de

power 1§ or Onber hadrelAC dasts @ncrally pesvidepasevl Yhd Bvvel IBR&C hnduthit toddtivegower
demands, V\:hl | e the DC bus iIs generall t he source of power distribution for
al | maj or loyr BpRAck pwaligy memes demardst mhl e threPCriiugns pensesllydbaunese elippwes

ui nehes, a8heh i 8l RRYBlo B IR ThE BCRUSKER boTBYadh it spar gy from

t he DC bus, one or i ary ge€nerator Itional
provi ded tzvmqhesmtd dther Agh meerchqu@cmdny T]E(Aéslcﬁls(:aas)/\may desi cliengy ﬁnmtthmDAC bus

may be su pIie to the DCbsto OVI ro e power.and satisfy other
system de Oﬁﬁ@raﬁ%ﬂaiué Wyge a&% ?y ﬁ@i}ﬂ?ﬁ@ @%mwsﬂa @ﬁ%rpwef

propulsi vad @Lﬁ;‘*ﬂlfe%ﬂ? nE§cés§‘96&z@r¢ﬂeLMmg‘Mﬁeﬂe WACESSMENEE Wpplisd VPRIDE@PuS tom t he
AC to DC bus(es), and fromthe DC bus to the notor-generator(s) to satisfy

propul si verageteaprdpulsive poner embedisfeother Sfatdnabdémarse qllenayiliry gescr{toBs) are

connect ed between the DC b and t he notor- nerdato and are used.to
provi de pBRErMESSERYY sﬁrggﬁ‘é Piopa Wr‘i“ofte8‘ﬂ“ed% PCti% REAFTEF Sy Sy e
requir emefipplied H&nh MiérAd t@@@%hﬁ'e@n aBy $loginhe r[@@' € %o ﬂkéb@bﬁﬁlgleﬁérator(s) to

efficiencies in engine operation, fuel consunpti on and mai ntenance

requi r enepatisfy piotiuised sagndar b anle eémhosism@msValbﬂybl@Béqqa@mqydDWSr(V@@D BEY S)

o9 D G RLEBERNGH nd OV ST LR RIS AN PURPLYL 00 G0BULS LG Ner OY
rom Ot her sources as nece opu S|ve man n

support engiansfyopedifitd ﬁmoatgdmbgﬂfor@béa&mﬁmyorqhb wquiremén@apaCI ty engines and
pri me novers t5f ically operate nost efficiently within fgeneral l.y high
out put ranges ﬁ@t hytyigh nrepudsion w@ﬁat@ad\meﬁ hiypstanEd| wifiGcigsciik ngngincow

out put rap MR8 RR5hRHSorP TankiOW ‘ﬂﬁ s, ARECih&s PG ful
COI']SUI'TptI Oﬂ&?té@é %OI’ glg © enaédldnesa or exaﬁp‘?ér},] gsénera Iey %ecreases W th
| oad. For emls@mhs:r‘tm bpeaatlrfgﬁﬁﬁn(hngme(s) evigiim &jghf dficenanypde enibsivratang&08d oad
is ap rommatlﬂ% ? %tﬁp hr while at a 25% | oad, SFCESOO§
USgal Fhp- HHPPIYFRG PERRRISIYe Py Toghather SARichas naeraseri i spixth dht PEIRMY
vessel stagadhy s?rﬂldsuﬁb&’f"eﬁélﬁ@ dhdratidrSatM BN M ABY ., HASHARRY loglclty chEdHCA RO
operating efficiencies and
prime movers typically operate most efficiently within generally high output ranges, yet
they’re also operated within highly inefficient, low output ranges during periods of low
demand operation. Specific Fuel Consumption (SFC) for diesel engines, for example,
30 generally decreases with load. For a Caterpillar 3512 diesel engine, for example, SFC at
100% load is approximately 0.064 USgal/hp-hr while at a 25% load, SFC is 0.081
USgal/hp-hr. The SFC at lower loads, such as loads experienced during vessel standby
and slow transit, is even higher, dramatically reducing operating efficiencies and
increasing harmful emissions. The high SFC of high load capacity engines operating at
35  low power levels wastes energy through the production of heat, and produces a higher
level of harmful exhaust emissions due to inefficient combustion.
The hybrid propulsion system of the present invention is operated by the EMS
through operator or automated system selection of various operating modes to satisfy

variable propulsion and auxiliary energy demands in an efficient manner. The main

40  engine(s) are typically operated only within operating ranges at which they exhibit high
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i ncreasi ng harnful em ssions. The high SFC of high | oad capacity engi nes
operating at | ow power |evels wastes energy through the production of heat,
and prodwweo@/tbefher | evel of harnful exhaust em ssion®CulEs2408/08674 fi ci ent
conbusi i opfficikney hydlavd SpCoplhis iraducsy Stcbmsagk prinarpy et thetlowrendrtfitba power

operated by the t hr.ough erator or, automated system sel.ecti on .of
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only within operating ranges at which they exhibit high 16300. 1001PCT
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on over al &M S%1'0nS reduction. The hybri d propul sion system descri bed

herei mo t hus r etigasthynngadattidddsl are apRtngt mothid Bpélatng engecwhenehitinehdy@i n
propul si ve engi ne(s) produce the nost em ssions per unit of energy

del i vered.exwlgrhlahh figieney apdiave OF1, arhactoprertapisallnhighi GHIIBPSTARG TREEGes at
whi ch t he Lbi L hCl.enc F i.C ihcal i gh
out put - ot Php st o rph O 70 el ot g bl BB Fohy UG .
requi ri ngsourpast Whomiet hgputefehgyagoengiesgs) ddberistthe popupite dedmandeextasn

engi ne(s) exceeds. the prqpul siye demand, excess energy_ is distr.ihuted,
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conf i gur edydiR] cQBpRRhe pRvideMikh thcNBa@@igies Plo ERLAURAL the main engines are
operated within desired operating parameters. Operational control may be accomplished
in several different ways. In high load demand situations, for example, when the main
engine(s) are running and motor/generator(s) are additionally providing positive torque to

30  the driveline, the EMS may be configured to control, or limit, the amount of torque
contributed by the main engine(s), effectively limiting engine operation at or below a
specified output torque without restricting power available to the propeller. In this way,
the main propulsive engine(s) may be operated at optimum efficiency throughout their
power curve, minimizing the production of engine emissions.

35 According to one embodiment, engine operation is limited to operation within
output torque ranges at or below recommended limits, with the motor-generator(s)
providing power to satisfy propulsion demands in excess of those satisfied by the main
engine(s) operating within the recommended torque range(s). For operation in the U.S.,
for example, engine operation may be controlled to remain below a local or state or

40  federal regulatory agency recommended Not-To-Exceed (NTE) limit at all output
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contributed by the nmain engine(s), effectively limting engine operation at
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condi t | ongod[gg‘gﬁ{%s bolde %&5@# ?délgﬁgot%lgé‘%&s%%@ag@%&ﬁ#&ou OF THE DRAW NGS
Fig. 1 illustrates a schematic diagram of an exenplary hybrid propul sion

and energy distribution systemof the present invention suitable for use

with marine vessels havin variablﬁkgomer denands.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a schematic diagram of an exemplary hybrid propulsion and
energy distribution system of the present invention suitable for use with marine vessels
having variable power demands.

30 Fig. 2A shows a schematic diagram illustrating an exemplary minimal emissions
mode of system operation suitable for operating marine vessels having high capacity
propulsion systems during periods of vessel inactivity, as well as slow and/or no-load
transiting, where the maximum continuous propulsion load doesn’t exceed from about 5%
to 10% of maximum propulsion load potential for an extended period.

35 Fig. 2B shows a schematic diagram illustrating exemplary operation of a
propulsion and energy management system in a low power demand, minimum emissions
mode, slow transit state;

Fig. 3A shows a schematic diagram illustrating an exemplary eco-cruise mode of

system operation providing the capacity for continuous slow or medium transit and low
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Fig. 2A shows a schematic diagramillustrating an exenplary m ni nal
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Fig. 5A shows a schematic diagramillustrating a full power node of
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transit and full wer assi st requirements having a. oad capaci.ty of from
about 6000y s hEhiGees R, pipplsioronRuloReidr SORITIPES fed Canei B Ribp@hes o
Fig. 5B shQws r@usehen®thatingiagh@bapaklty SF Frdhi {butBeMRb abutoBPAbl ARrobf a
propul si on and energy managenent systemin a generally high | oad demand

mode of opf€rmaaxiBHMEeRilsiondpadingtentishd capacity propul sion. Fig. 5C shows a
o B o : ' F ‘ . q
schemgfic di ag{:%r.“ iplystrat Q&e&ﬁﬁ?&#@%}% ORRIALi g,n e}%lefélﬁla% gcg)%gﬁfoﬂnaﬁ%

ener gy managenent System’in a gene ransi en emand node of
oper at i onp&@ulstoinydit e it O wl i yEndnd agste@MaNg geferelke @it hd tdegandtrestesyst em
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Fig. 5C shows a schematic diagram illustrating exemplary operation of a
propulsion and energy management system in a generally transient, high load demand

25  mode of operation satisfying propulsive load demand in excess of the rated system power.

DETAILED DESCRIPTION
An exemplary hybrid propulsion system is illustrated schematically in Fig. 1. The
hybrid propulsion system of the present invention comprises at least two sources
30 providing energy for propulsion and incorporates at least one, and preferably two, main
propulsion engines, such as diesel engines 10 and 10’ (e.g., port and starboard main diesel
engines) and at least one, and preferably two, motor-generator units 14, 14°. In one
embodiment of the hybrid system of the present invention adapted specifically for use in
marine vessels such as tugboats that have highly variable operational and performance
35  requirements, the driveline configuration of the hybrid system comprises two main
propulsion engines (10, 10’), each coupled to a propulsive output member such as a
propeller 18, 18’ directly or through a mechanical drive system or transmission, such as
azimuth thrusters 12, 12°, through a propulsive driveline, each of the propulsive
drivelines provided on independent and operationally parallel shafts. Although azimuth

40  thrusters are exemplified in this description, it will be apparent that other types of gear
16300.1001PCT 8/31



hybrid propul sion system of the present invention conprises at |east two
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tugboat marine vessel applications providing high propulsive load capacities. Other types

of motor-generator units are also known and may be used in systems of the present

invention.

30 Propulsion systems of the present invention operate with each engine, motor-
generator, drive shaft and propeller combination arranged “in-line,” so that each of the
drive shafts, and thus each of the propellers, may be directly driven solely by a main
engine, or solely by a motor-generator unit, or by both sources simultancously. Each
shaft may be provided with a clutch 15, 15’ that permits the main engine to turn the main

35 shaft or to be disconnected from the drive system, thereby allowing the motor-
generator(s) to act as the prime mover(s) when the main engine(s) are shut down or
diverted. Each main shaft also has clutches 16, 16’ permitting each motor-generator to be
operated as a motor driving the output shaft when the clutches 16, 16’ are engaged, or as
a generator supplying energy to the energy distribution system without driving the output

40  shaft when the clutches 16, 16’ are not engaged.
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squirrel cage induction notors having a rated output of 895 Kw is exenplary
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i ndependepgiyesoindoie pseisilper andapvakingrivaabld ficgycany idyivenbitetee tepnoin si ve

001 LR A o, TR 8988y 0 SOBERR TSR SRR it o o
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propul sion DC bus 20 is also connected to one or more energy storage systems, such as

batteries 24, 24’ through appropriate converters, such as DC/DC converters 26, 26°.

DC/DC converters, when used with an appropriate Energy Management System (EMS),

allow the system to maintain substantially constant voltage on the DC bus and, when

30  there is excess generating capacity, charge batteries 24, 24’ with the excess energy to
maintain constant voltage on the DC bus.

The DC bus may also be linked to and supply power to a hotel load distribution
system, such as one or more AC buses 30, 30’ connected by tiebreaker 31. In one
exemplary embodiment suitable for use in tugboat marine vessel applications, ecach AC

35  bus comprises a 600V, 3 phase 60 Hz bus. The AC bus(es) typically power the system’s
hotel load, and may supply other auxiliary, non-propulsive power needs. The hotel load
distribution system, in this embodiment comprising buses 30, 30’may be linked to the
main DC bus by means of DC/AC converters 32, 32°. The converters permit bi-
directional flow of energy between the AC and DC buses and are sized to facilitate all

40  anticipated loads. Auxiliary generators 34, 34’ may be provided and linked to the hotel
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stored energy supplies, which may eliminate the necessity of operating diesel engines
while alongside, and reduce or eliminate reliance on on-board electrical storage capacity.
The replenishment of onboard power storage from the grid is generally desirable, since it
reduces engine emissions, and shore power is generally generated more efficiently,
30 producing lower emissions, than power provided by marine vessel main engines. A shore
power transformer may be provided and feed to the DC bus, for example, though an
appropriate DC/DC converter.
Systems of the present invention preferably incorporate onboard renewable and
rechargeable energy storage systems, such as batteries, to provide storage capacity, to
35  support low power demands, and to provide generally short ride-through capacity
between operational modes. While it is recognized that many battery choices exist, in one
embodiment, lead-acid batteries employing absorbed glass mat (AGM) or gel battery
technology are employed. Lead-acid battery technologies that provide a sealed,
maintenance-free option capable of accepting rapid discharge/recharge rates and

40  relatively high cycle life are preferred for many applications. The batteries are preferably
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source(s), wnd or tide generation power source(s), and the |ike, may be
used to provide auxiliary energy to the hybrid system Auxiliary energy
sources Y 2b@/0easpl ed to feed the AC and/ or DC bus(es) PCROs2é08ABGT2POWEr
systens, $§tichimmsesséidpentiposverherenthyy db sot beveusetniagt omecssybonpedatipnepod sicon and

ener gy managenment .system qf -t h resent invent.ion.to provi.de, ener f or
ot hpr opHNEIHG A SR SRS (e b <P HouBr PPEY Shide) & tehe
syst em cageddsles drherbOndPrAnbEE RAMEE cfcPfy f0tagl sARdhn &Héd fgt@feﬁi‘aﬂl?ﬁﬂ%d ang/or to
repl eni sh stored energy supplies, which may elimnate the necessity of
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on on- boapd, glegld 'a%gihici&%%‘? AR Ny ha%drs%%'n?r{l"ﬁhkr%‘?'Eamé’ﬁideogk?% power
storage fromthe grd S gener aliy desiraples Sinee 117 edutes ngi n

eni ssii@nsbateiids shgrafsofRweiployedgengdtaty toagoeidtepibnishienef ficiently,

produci ng | ower em ssions, than power provided by marine vessel nain

engi nes. A sholeVPohierppiegalet dhateihisnpSv Be i AMCHERW dh gx¢rarlant end At te bus,

for examplgcidloygh A ARMLORLKALEPHPEHRODY Sl i SYBhBRRRNlile ALesent

i nvention prefer y I'ncorporate on renewabl e an ar geabf e energy
st orage sygtaenties rsaicC lveasartzdt toenc@mmabdatprdifférde piopuBye @apackiliyry powsuppor t

| ow power . demand nd to prqvide generally short ride-throug apacity
bet ween os%l%ﬁc{;ofﬂaﬁe%&éﬁgmfﬁw)% Sﬁgemg IpdatgnnZde {%@Ow aog‘t‘aﬁé’iﬂgmﬁhoi ces
exi Sty | NdRNGAHIRAITRGN, whaal A6l bA L AITRSAIPhRNDLARIRIRCHOLARS Mt

(AGVM or gel battery technology are enpl oyed. Lead-acid battery
t echnol ogliess arhagropdaliodivg tseapegellerai ht elhbe epirr@eted phdt omgbapeivcearst

ti i.d di.sch / : d relatively high le |if
o1 of or r eq MO Ry SRR PEGe. PreHECh 04 Pt abtee P huPid P idiotndo0 1 per
11/ 31f i tt gbrg MAREEheltOGRtNBNST \WRE hRosthteMvERidNO tto B @%iﬂg@%tmﬁﬁF@%ﬂ

operations and are unlikely to be damaged. The bat teries can be configured
t o mai nt ab¥epehers.glt will alspebs/anpsediated &W’e&lgéﬂabpd Eanusionesy stpntimal e drenegd

storagge s i | s ef er Lft it h. [ter vi de
oLt 20P, SXERSTUSIALeRRESHSH U Yol LE L DR AT BLE s8R
Ni ckel Met@l rddpdfipgted (1 dvhiyerapdisGodiptipuNiak eystéan @ tidehytNaNbigpulstoat 4Rl i es
may al so be enpl oyed for battery storage and replenishnment. It will be
appr eci at BETERBRNAGTENHHRES B BRPTBGHANYBHORs exenpl ary and that the

speci f1¢ | ayoulyanduar haaeIEaLy ol SAMRARENLSoxd% Sl W sagponent

rati ngs and capacities varied to acconmpdate erent pro sive
and auxi | paitghbpememaylberanadgaindhandyby belimpegypad sitonn syditiem!iAC ssitcldiced | n

subst ant R AF Motgds PdBh TbArHRERaA Qg THRMUE FIRAE QPEepetyi ded
to drive FcRaRpRP® ds&irsially bupily holBloAPBRIGCHALEkitAconh YR RAALLGaANT
generator incomers, deck winches and other high power requirement components may be
re-routed to a main energy management DC bus. Deck winches and other significant
loads are preferably run by frequency drives off the DC bus. This increases the stability of
30 the AC bus and reduces the impact of voltage fluctuations on the connected hotel loads.
Converters connected between the DC and AC buses permit energy to flow from
the main DC bus to the AC bus(es) as required to satisfy the vessel’s hotel load and other
AC loads. Power is also be provided from the main DC bus to propulsion motor-
generator unit(s) through converter(s) or variable frequency drive(s) to power the shaft
35  during modes of operation in which the motor is operated to drive the output shaft. In
modes of operation in which the motor-generator is operated in a generator mode, energy
is supplied from the motor to the main DC bus to provide energy for auxiliary
requirements and to recharge the energy storage reserves, as required. When one or both

of the auxiliary generators are running and powering the AC bus, excess energy may be
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mul ti pl e engi ne systens nay be provided and operated using the hybrid
propul sion and energy nmanagenent systens of the present invention, to drive
a singl e wWo 200/a76¢8be propellers. It will al so be appreciparas2adsassehe

hybri d5 pr eypplisd droms yth¢ Xt rraythbehp v itded thasugh sommrdenl omerondwippwiendeomal | ed

system or that variogus conmponents e retrofi d and reconfigured to
convert eRi%tiSHE aﬁlptﬁ)&ﬁré?%’ﬁ%wgﬁsé’ﬁ%‘q&% %%t Wﬁlinc}g{ﬁ’%ul si on and energy
managenment syshgRYMEmipb&cPERERBHulkRY ABibRdy vaW petallEn BYBE IgbSY Pipilsich
retrofitted to existing systems, an existing AC sw tchboard may be

mai nt ai nednddcrgRyNBBETMERgEateat 13 adivstad aaddvaricdrial pravds viffielapoapaiaticn
addi ti onal AC poYSEc dyneededunIie. BbG SliRbLNGAGSW fohbsard.nRy. Bt
confi gure%lc, tor exanpﬁe‘(?] to essen ianny sup%liey Noter | 0ad onl y, i '8

exi stimg aapieRchtons sthdmalanl o@dijtod @mer 8dlodt Hdd3aodedperatidg Clarivnatefse fomnd

ot her high power requirenent conponents may be re-routed to a mai n energy
nmanagementMpE Buyc-dolegd it id HBRUthEICss BRYCrBING rancratigRtof] thadestame Ipromer abl y
run by fr riye us. L6 A e . i ] of the
AC bus angeeénE! KESheibe wRE, K S i e Pan Sk yah A8 kg

hot el | oad$owiBgnieptopuisioncindenties metageaenttshecdC @rpdisAChb wsigait demand inener gy

to flow fromthe main.DC bus to the AC bus(es) as required to satisfy the
vessel 's HitBpst ?‘&Fé&h?ﬁﬁfa“ OYREFT J&’cfﬁlF St e@b*é\]@iﬂ TRagIngy. é‘btwiﬁén‘b? Vi de 89T BYmM t he

mai N PC bygad Q@dRAAREE, Bt 81 [t GRehRhIrae H%kih(p% &ﬁé@%&@ﬁﬁﬁa@%ﬁém or
vari abl e frequency drive(s) to power the shaft CPUI’I ng nodes of operation in

whi ch t hesysttnormis beperoattertdt andd cowigolidde agtotmpaticallyh&ft thel EMfbdesordihg to
operation_in which the notor-generator iis operated in ener at or . node,
enor gy 1 SPEUBTEH FPSTAGRATROEDE ¢ 51 CRILOHERT Dt s PEefBpreneiferdly f or
auxi |'i aryop@aatidd &@eibsidéNdnd are QIQAILEELY AR PBRKGY 0 hidr RURtIISSHLITHEATsteS
required. en one or both of the auxiliary %gnerators are runni ng and

povering dépendigebipon dosired SuE repinempnespee8ed byooy PrTatep/ B few el ety from
the A?D t Odffﬂ?edltt g.?%de%r? olr? ééeraﬁgﬁ %nglkb& 1%\\/71%(%56 rlﬁ’ g%nl%taﬁ\réeo %ﬁﬁdi%&ﬁeosk%tem

propul si on an uirrement's ovided fr S. system
power andnpgoppdrstvia desmRaatiMBr Yontaeusli odriable thiwichybrihd BMISpuhaiton and
energy nmanagenent systemis adjusted and varied to provide efficient

oper at | onCHEPYEE Anglj enecrplhrigatey PEEHERAISS f FWMCAIRY | $1de PEYEF dsgands, ashe

control apd,;fpl nﬁgﬁgﬁeﬁo@%ﬁgﬁgﬁﬁﬁﬁ%ter%?ﬁ%ﬁ%& fall g?lﬁﬁh§8£sisd%§kfaﬁﬂg the

operating para g a pre-defined se I'nput ¢hoi ces
gover ni nghppet girojorisiofi drlle esgrgy emandgeneoiresystainodn nhat mpstanffajeit amennarpy

e S P B Ty QUL AU, e PPl e o
Z];l];ir S'yggf aﬂ’gggﬁ&enﬂ)l@& BFcrh@VR fHod8IThRS  RNCIIRIIBRI: asl Srb¥RcARIT L¥&Rbtual
model designed to help operators understand what operating parameters the system is
likely to select, and what level of system performance, fuel economy and emissions
reductions may be expected using various system and operating mode configurations.
30 When the load demanded exceeds the capacity of the system in an operating mode for
longer than a pre-determined time period, the control system may automatically escalate
the system mode to achieve the required power generation. While multiple distinct
modes of operation are described below with reference to Figs. 2A-5C, it will be
appreciated these operational modes are exemplary and that additional and/or different
35  modes of operation are possible and would be desirable in certain circumstances. It will
also be appreciated that the specific component configurations shown in each of Figures
2A-5C are exemplary for each particular mode of operation and that other configurations
are possible within each mode.
An exemplary minimal emissions mode operating scheme suitable for vessel

40  operation during periods of inactivity and slow and/or no-load transiting, where the
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that the spELichl tna0FmRCRERHCARAUiethi HaRSySRAMMs hldn F6Ne:@éndct PUFiess, 2% 5C
are exenplary for each particular node of operation and that other

confi guratlﬁ‘@ﬁ%ifﬁa@éd@étig@l ble within each node. An exenplary m ni mal

per i odb of i nall 101 e aRdranan el khat BE afFRagh, GPRLM HRCpiY oh ity

16300. 100496 prohdd 3dioagst, b iv€ded} toniotes-gbhastotlagign14, lex eeedisfy amatabBulbwb% t 0
10% of the maX| mum propul sive | gad potential for an extended period is
shown in mogm Sm demsngds. nBg@1s congensrian. Jotgegencaripy plytcpey 1 ©d$’ are sngasl

I nactivi t V{s&f‘eré’ PESR". R tﬁ&%ﬁtﬁgaﬁ dﬂ}% esdlroa“l"P“ﬂ o?;@&'hﬁ% d991 Jh&hen .

t he vesse ng at 'very ST ow spee ot pulling a
contin uousf lha ahigogsine tlueckee & lébmmlga@?zbtofcomthbuﬁmmpnhm@mpmuu tbyhd diivean

ext ended Operatiopn, i i mal em ssi.ons .node t p| call tilizes
oxt ¢ ors L o b Siatics °Th. ol Doy PHETHARE it Eradyaaiat tastditan,

requi re”eﬁ@rﬁhng’“lﬁd?eased propulsive demands or switching to a different, higher propulsive
demand mode of operation. In general, neither of the auxiliary generators 34, 34’
available to provide energy to the AC buses 30, 30’ is operated in a minimal emissions
mode. One or both of the auxiliary generators 34, 34’ may, however, be in a stand-by
30 mode, and may be available to provide power to one or both of the AC buses 30, 30° by
closing switches 35, 35°. In this operating mode, AC buses 30, 30’ may also supply
energy to DC bus 20, through converters 32, 32°, to provide propulsive power, as needed,

to motor-generator units 14, 14°.
For low energy and low propulsive power demands, as generally experienced in a
35 minimal emissions mode, stored energy may be sufficient to satisfy the energy and
propulsive power demands. Typically, a pre-determined minimum battery charge level is
identified and incorporated into the control logic of the energy management system.
When a minimum battery charge threshold is reached, one or both of the auxiliary
generators is started to provide energy to the AC bus. To the extent that excess energy is

40  available on the AC bus, excess energy is fed from the AC bus(es) to the DC bus to
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utilization of a notor-generator for additional energy capacity and

storage. In the exenplary mniml em ssions node schene illustrated in Fig.
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propellers 18, 18 . Neither of the main engines 10, 10' is operating, and
nei t her oRITRMEEMeA of tERFIaHECRIASe RRLOrEsneratyr unis wxhyelyiches Wlowsrior Ppsirtion
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mni mpd em ssi s 2@9%&9@@ a%‘imﬁé’ft Rifthnaf BSiRens ! odr }frogﬁl@f%aﬁo%e? méde S
may, however, be in a stand-by node, and may be avall abl e to provide power

to one or opwtlipmin & IESAT 1bu&t@$ed3®he®@tlcatbly o3| lowingga singtectlegried, digBbutidn t hi s
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ot or - genﬁfoa&orlnumlg $nikthal Idnissib®y, 1bRVHRBPEKEY @wlarl SPUrRMBPbEE, VEcBEWRY
demands, eneral ly experienced in a mniml em ssions node, stored

ener gy na§/h dstieth; beiteryt bank 1941tp buy 12havheneneggy antapirepis @liaméaup@\ﬁ@mred
dema”?fl . é(d% é)%mrt,?y rant AR ?ts @@1 ef9oxﬂ1bﬁ‘1'ts [ng]tg%ta{tgrgryt% %F%ﬁQ%ﬂe%"eeder

i denti cor por a he con ner gy nagerrent

system V\Bﬁﬂzsﬁoﬂ’mhﬁlﬂ ﬂ&qméua%trﬁalmaﬁhaad@erea fbnesmbdy issavafiaisibed, indibg&edby et h of
t he aUX|I|ar generators is started to provide energg to the AC bus. To the
ext ent t h&RldexEeys Ermpelssild 8 andi |18bre divannecceivstisby estersgensrédgy Its f ed

fromthe QG %@%&gﬁ%ﬂﬁ gdhbgn%rlﬂféde a?ldjcgﬁjggd ilcp@l% Ride éﬂe{ft?‘%@ﬁéng&?' % PRY sive

or other vess S, such as W nch mand e. To the
ext ent t halutchxc ébs léAkrogyectisclay dildcatddad enmgylﬁc& g mptoegeagstoenktrdgy 14’s

supp) Led, L oA G RS, Lo, e Sheray, stoveResyslemBatterise) (g,
i nactivat gehppeR ddighRatipeny POMV&Fe hét 4&@hRASH thiQ operating mode and are thus
shown in a light typeface, with main engine clutches 115, 115° disengaged. Auxiliary
generators 34, 34’ are optionally activated, and may be operated intermittently, as
indicated by the dashed lines, to supply energy (indicated by the black arrows) to bus 120

30  for hotel and/or propulsive requirements, as necessary.

Fig. 3A illustrates the propulsion system of the present invention as it would
operate in an exemplary generally relatively low propulsive power demand cruising mode
in which the propulsion and energy management system provides propulsive capacity for
continuous slow transit and low power assist work. In general, this operating mode is

35  appropriate when the maximum continuous propulsive load is at least about 5% but does
not exceed about 35% of the maximum load capacity of the propulsion system. In this
mode of operation, energy from battery storage systems 24, 24’ is generally available to
provide power to DC bus 20, and at least one, and preferably two, auxiliary generators 34,
34> are activated and operated to provide power to AC buses 30, 30’ and, through

40  appropriate converters 32, 32°, to DC bus 20. DC bus 20 distributes energy to the motor-
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a desired or predeterm ned |l evel, or the hotel demands have di m ni shed, or
propul si ve demands have di m ni shed, or sone conbi nati on of these
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battery bank 124 to bus 120 when eneng% is required to nmaintain a desired
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nd e %y t Fi

avail abl e, as I cat e Sso arrows.” Propellers 118 and 118' are
driven excl usi ireggnehyy, ifidicosleqgecet nad/or propikbivelddd deamperdatkegditine eapdeityvel not or

node and coupled to the drive shaft by engaged generator clutches 116, 116
respectiv eﬁuX%a@eg?qe@é?r?%rf@rr 1@9%%@%? LA RCTR Rgie eﬁatﬁ\f@a&@maﬂi ina

drive sot @b ealSoUpPht t%gaimén%%(s}a@; 1@Sto! gaqkﬁath@@nagytreﬁn&%én@& Ald ows.
Mai n propul sive engines 110 and 110" "are not activated inh this operating

mode and aghecvehths nsérovary ipnwar Eémghdtiony pdhaopsratig bonfrguratenglingragdduindhigs 115,
115" di .. Auxi | J. t 4 4' , optional |l y. acti.vat ed, and
Ty be ol PrITE BhERy g St o) e dadnBa NG §0suppl y
energy (i pdikapeeidy prbsuliV@pbwar teWsd dh_(’elﬂiésaﬂdz?rcfpéﬂeth@g &y AREMObS the

propul sive requirenents, as necessary. Fig. 3Aillustrates the propulsion
syst em of cugiged cbsdntS. i howrpmnsiye demangoenuisingpapdeseganaraly requdrepcavgtion
generally latjvely | pr |.Si. eman nui.SiHg. ] W@ich t he
ot opursi oft Angesrgeh mEeECES chEE PRI, SOMRRICE AR RE o

cont i nuousorsditistpréridéd baah grdpaNiEONEY crand ipsd vider dkcedsieng@yaledtratibitifut is
operating node is appropriate when the maxi num conti nuous propul sive | oad
is at | eal¥UABbHR AR coey divibuioncdaly Hhdhioughapaspr eererarakil frunkicsed

capaci ty Qﬁergyggr&fi&guﬂosﬁlg?(ﬁ %%&ed@ use fbi Bﬁiggg\?paoﬁeégﬁﬁ{aﬂaé, QB re grgglgyfhef rom

battery stor syst ens I's genera e to'pro power to
DC bus 20¢nagyl satragee aptteroremd, andicperéfedrizbdy, tomprovadex ptapatsyvegpoecatotis 34,
34' are activated aqgﬁﬁserated to provide power to AC buses 30, 30" and,

t hrough apPROSHF PLPHL erters 32, 32', to DC bus 20. DC bus 20 distributes

gn_er gy to the FRE Afybrid63OBultAL B eillét/g? 1191%‘%’6%% syehScokhigudtion ¥hkigh
rive the output shaft and propellers 18, 1 t hr ough
present invention preferably allows a single main engine to effectively drive two
propulsion output shafts. In the exemplary embodiment illustrated in Fig. 3B, main
engine 110 operates in a generally high efficiency, high output mode to directly drive the
30  azimuth drive 112 and propeller 118 on its output shaft. In this embodiment, main engine
110 also drives motor-generator 114 in a generator mode to supply energy to the DC bus
120 (indicated by the arrow) which, in turn, supplies energy (indicated by the arrow) to
motor/generator 114°, which operates in a drive mode to drive the azimuth drive 112° and
propeller 118° on the other drive shaft. In this configuration, auxiliary generators 134,
35 134’ are also operated to provide energy (indicated by the arrows) to bus 120.

Thus, in the relatively low propulsive power demand configuration shown in Fig.
3B, one main engine and two auxiliary generators are available to supply both propulsive
and hotel and auxiliary power demands. This configuration reduces the amount of time
that both main engines are required for propulsion and enables the main engine(s), which

40  operate more cfficiently at high load ranges, to run at higher efficiency than it/they
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engaged clutches 16, 16'. The operation of auxiliary generators 34, 34' in
a | ow propul sive demand cruising node is generally determ ned by the
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bus 20 may be used for auxiliary power demands;, to replenish the energy

st or age sf¥ssagnfydhelpropslsdeshotilyad auzilievy, lond rquuovindess pEspash shargy pomeplied t he
opposi te output .shaff. The hybri opul si.on .and ener agenent stem
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enbodi nment illustrated rn Fig. 3B, main engine 110 operates in a generally
hi gh ef fi bty ytordgegave evaifsble npaexitiay dower gingragionye thinmodei nut h drive 112
and propel |l er 8.0n i.1s..0U f1.. 1 ' irent. | gipe 110
al so %ines no éfﬁgg%ééz?%ngﬁﬁoﬁﬂggﬁé% %F%@hfpﬁgg%gﬁﬁ"géﬁﬁggh%%gpgg@lo t he
DC bus 120pdritinli satederally higheo@puitpvdnsiviint Ryithi iigh Wffiticrsy Ppkia€ion.eBtigain
(indicated by the arrow) to notor/generator 114, which operates in a drive
node to dFpgiaest He 19z eused b paeer peomuth slgivey dpeld’ apd prapellen 18hE8 ottieyehyr i ve
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reduces t hewaMAUWHerdf istprBBided to bus 20 for distribution and use in satisfying hotel load
demands, auxiliary load demands such as winch demands, and to charge the batteries.
Auxiliary generators 34, 34’ are generally not activated in this mode because the main
engines provide output satisfying all of the propulsive and auxiliary needs.

30 If the propulsive power and energy provided by operation of both main engines
simultaneously in a mid-range propulsion mode is in excess of that required by
propulsive, hotel, auxiliary and energy storage demands, one of the main engines may be
inactivated and the system may be operated substantially as shown in Fig. 3B for
intermittent periods. Energy may be supplied from battery storage to the main bus and

35  distributed as required during periods of reduced main engine operation. As described
previously, the flexibility of the system permits a single main engine to be used to drive
both propulsion drive lines, and battery storage can provide temporary ride-through of
transient demands. This configuration increases the efficiency of the system while two
main engines are running and generally reduces the amount of time in which two main

40  engines are running, improving the efficiency of the engine that is operating by increasing
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generators 34 34" are eneraII not activated in this node because the
mai n engi AGSIEYoloRdR B wt aEget ﬁse f GRHGY aJtPrage SYHEMEY oPOrss kB ®r aiq i ary
needs. If 1H§l%eﬁp“|s've power and energy provided by operation of both
mai N engi nes simultaneously in a m d-range propul sion node is in excess of
that required big. propehesiatiesllyhibietdratesasfull ipawvyr apdatme ngyle sif shagepdbiands,
one of the in engines may be inactivated and the tem may, be o erated
subst ant i amcf?nea%y BHFIHT BYem §gqfed?re?%‘f EPRTER e it WE@ t%%lgmpé%

suppl i ed bAGEDA! LY 008 GiombRSTRE Rurbl'Brobficll B4 bR o@%her ﬁl‘aﬁf rod

during periods of reduced main engine operation. As describ
engines. This operating mode is used, for example, when it is anticipated that large, long

duration loads will be encountered, for continuous fast transit, and/or for full power ship
assist demands. It allows the system to meet or exceed the performance capacity of non-
30 hybrid propulsion systems incorporating higher capacity main engines by providing
auxiliary power sources and efficiently managing the available power. Even in this
mode, power can be generated by the motor-generators in the shaft line when the
propulsion demand is not 100% of the main engine load capacity. This excess power can
be supplied to the DC bus and used for hotel and auxiliary power demands, and to charge
35  the energy storage system. In the full operation mode, with all equipment operational, the
system may have the ability to apply more power to the drives than is available in a non-
hybrid system incorporating main engines having the same output capacity. This may be
utilized as a means to provide faster system response, or if the driveline is capable of
handling the additional torque, it may be possible to increase the vessel’s rated

40  horsepower. Increased output for short periods may be provided.
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by the dashed i §&fie filP pB#HeY bp@a@tidinoll ) ProMiNerdyoh e RUSoABd 1h9 ot kgl ¥

hi gher demand transient hotel or auxiliary |loads, or to charge the energy
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oper at es distribubish 80§ P@ld yxcOQ0fahatreqdredfto kit fy tca@dtdd1eudutiei ot/ gadraapaci ty
of the main engines. This operating node is used, for exanple, when it is
ant i ci pat demaniarand gnyeuxilighy demangdsi rctusargstovhe Iengrey stisismbvatcay (bafteyics

conti nuougyf t L, ﬂ%‘ﬂ'&jelo r roShi R i
al | ows thgé"s?}g?'enj’lrht%glzf‘1 ?rllttale? or S’eglggdgdge&lgllea&oger Ora@&%ﬂ?ﬁ%%ﬁr&% g? Q%%ﬁaf%%ri d
pr opul si ohawysiffesrentiraed ppoeatoi sagpliyiafjkaticipated prapulsied povengequesnieyitsphavl di ng

s | Lory, paver Soufces. and eLiclentl v micelng e, auall anhe pover. Euen
line when the Tywo different full power operating modes are illustrated schematically in Figs. 5B
and 5C in systems having a single electrical distribution bus 120, and in which the solid
arrows indicate the direction of energy flow during operation. In the full power operating
mode illustrated in Fig. 5B, both main engines 110, 110’ provide full power output,
30  through appropriate clutch mechanisms, to azimuth drives 112, 112° and propellers 118,
118°. Both auxiliary generators 134, 134’ are operated to provide energy to main energy
distribution bus 120. Both motor-generator units 114, 114’ are operated in a motor drive
mode inline with the main engines and draw energy from bus 120 to contribute propulsive
power to the respective output shafts. This configuration may be used when the
35  propulsive demand is lower than the total load capacity of the main engines and motor-
generators, and generally returns excess energy available on the main bus 120 to the
energy storage system (e.g., battery bank 124), which operates in a charging mode.
Fig. 5C illustrates another full power operating mode that may be used, generally
transiently, when the propulsive demand is higher than the total load capacity of the main

40  engines and the motor-generators. In this embodiment, both main engines 110, 110’
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propul sion demand is not 100% of the main engine |oad capacity. This excess
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power. Auxiliar enerators 34, 34' are generally both operated in this
mode,  pr obT NG OHEr g9 T | RESTHLE fie aREPYS BOPIBIPnetiss S8 SRV BUSHTRE bus
30, 30" anfoidh@uf afipesistene MOMERiight 3dandd wHIR SeEyihp! ba@iereRpsr ati ng
nodes, propul sive power is provided by both the main engines and the

not or - genkqairementp fios BPbinig savgccas The EHMS mayiindudsomhltipkoiyntang eordmpsart
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the energy storage system (batteries 24, 24'). The main engi nes, nptor
gener at or SUMPILTAREIEURPIG oy theddMer gtaging tgerEipys compensat sufdufse cabrciticat ed
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and auxilirary energy quirenents during the”full powér  operating no
di f f er ent pfatdctiopoypeemepysai mgintodes: atil@ids] syssinr ataed and henmfitatoal wtylities, Fi gs.

eI LA N R e I E AT
oper at i onprdofistdiesylstid bP VPBFatiRPGhatchRthiAPdBerlibd Stat @t dulp i 8f 1RBmakiot h
mai n engi hes 110, "110" provide full power out put,
engine(s), motor-generator unit(s), the driveline and other clutches, auxiliary generator(s),
battery storage system(s), as described previously. In some embodiments, the operational
system may allow the operator to select certain operating parameters, such as driveline
30 rpm and/or torque, transit speed and/or duration, load requirements and/or duration, or the
like, which are used by the overall control system to formulate and implement appropriate
operating modes.
An operator interface with the propulsion and EMS system(s) may comprise an
electronic monitor allowing the operator to view, and monitor, operation and control of
35  the propulsion and energy management system. Operating modes may be operator
chosen or automatically implemented. Multiple distinct operating modes may be
provided, and programmed. Operator control devices, such as electronic accelerator
pedals, joysticks and levers, may be provided for operator input and coupled to the
propulsion and energy management systems. An operator may have an option to control

40  propulsion via an input device such as an electronic lever or joystick, or an operator may
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t hrough appropriate clutch nmechanisns, to azinmuth drives 112, 112' and
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notor-generators. In this enbodj nent, both main engines 110, 110
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propul sive power in excess of the rated power for propulsion for transient
peri ods, and suxikayicghpmeokicqiaeyerds. Ihdteed ldadadscced Hiescapady offtho pegiat(bon may

ly b ined unti| the batt bank..is d d haust ed. |
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ener gy reehd gysiadinisy be providddt difhle n2audIBes:. in BygarftMy sfally natontecdrtilshiop) e
functions, or be part of a |arger .operational systemincludjng, in general,

an oper at BFOygh Bt BMS; Whe dMPaponiior iha AePeh OPERERS et kL E1TEH AT EHONg a
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EMS relating to various conpofient outputs, capacities, current operating
par amet er sropoidicnondi duxoiisy pemer gigedsevad sontedls .opegeane rodtthe cagidess pakidary
protection S¥St ens, system nmai nt.enam(:ie utilities, %st em al arm and
not i f Fat BYKTHIPH i PPOEECHAHOL Hulifi |k8d FHAEC ERAST &k yFOPREDSHEEYt §OPoad
demands t ﬁfr@&%?\'&ﬁ“?het SR by B8 15813y GRYIIS4 0 Ind o hveMr Qi@ RRAARL | TemARErC BRI ng
operation states and "out puts of "the nain
through of transient demands may be provided by the energy storage system.
In some automated control systems of the present invention, the system operating
mode may be selected and adjusted, on a real time and substantially continuous basis, to
30  the various system demands, and is controlled and limited by the EMS. While several
operational modes are described in detail above, it will be recognized that additional
operational modes may be provided. In practice, operation of the vessel and the EMS
may be automated and operated according to predetermined operating modes as dictated
by the power requirements and available power resources, or various predetermined
35  operating modes may be selectable by an operator to meet the vessel’s current or
anticipated operational requirements. Discrete controls may be provided in a separate
panel to allow an operator to select pre-programmed operational modes, as described
above. In one embodiment, an operator may select the most practical mode for the

vessel’s current or anticipated operational requirements. Throttle advance beyond the

40  available sustained power in the selected mode may initiate an automated advance to the
16300.1001PCT 21/31



engi ne(s), notor-generator unit(s), the driveline and other cl utches,
auxiliary generator(s), battery storage systen(s), as described previously.
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i nterface providing mnul ]gel\AqJ e presel ected i pputs or all ow .the .operator to

speci fy dBVfelodrpmay. daligniind B dhe CRERING SpPatiCor ey s S5htien OhMinta?

per sonnel middle S¥sleht RRABMRLY NThPREATRLS Bat@Rthyh@KABOd vYahBI Jpdsidl &Pl ayed
on a nonitor or a touch screen nmay be provided, for exanple. The system may

al so provhdemahenliyntmplicdcey ther EMY ¢o devainl kelv nmittatye pawee isaaldodatedoduratg on
access/ managenent ~and may. conhi ne.al |, maghi ner.y .nonitoring into a single
o1 ot T or m ORTHEDI 10 ey BRI YN or oG 1 S EBL oLy aehh et gdG &
command CexRAIgRt S TAB draiks Ghat Ss8OMJIIRS SnayTBY sBRctableely aheshetdibOtiRowdingl e
conponent, such as a nmain wheel house console. The nunber of engi nes and

gener at or sclgdiatdp epriral dpatares arkhcdiattery feronsry statbeis ér MinHeleprbgn fHepeNserethals of
t he propul si : n i C . nd. auxiil,i

equi p?réént hl?‘lgao% i 1§1¥%ﬁ%&o&?ﬁ%&@%@gg@%@g %hﬁ%s 8‘21%{5@‘%%%3‘” %?n tﬁéeﬂa(lg% i ne(s)
and/ or gepewat avalahlcopsr @inkcng:lovn aapydspetintd eadn@pan ajri Wgenmadebdtericd anger
than a predeterm ned periaod, the Energy Managenment System automatically

escal at es diSpRArgsfkeratycisatess il Hinpae BnayHed sty aipiepeiemnie)daarerehal
engi ne(s) hhe”é%&fn'ggﬁ%r6’11rﬂaiﬁse)hgin%yﬁ%lhhgéﬁ’i%%gﬁar@%ga?@%,or%e 506 stlekGng 5

provi de the neceSsary power g€nerati o ntro e system nay be
provi ded deriléted stoeagadhttyricarbyiascassiyampbivat ise. or ful | y aut omat ed fashi on,

(Irough e X T FLOTEnl L 0L2 U ol Dt AR g1 A Sp er o
the systepi®ide immediate electric propulsion power to approximately 70% of full load for short
bursts. This reduces delays between operating modes while additional generating
capacity comes on line. A sustained advance beyond a predetermined power level, such
as 65% power, may be programmed to automatically start one or both of the main
30 engine(s). In this case, a minor delay may be experienced. In situations where such
delays are not acceptable, full mode operation may be selected in advance.

One or more selectable, programmable or programmed emission control features
may also be provided. The U.S. Environmental Protection Agency provides torque and
shaft speed parameters defining a “not to exceed” (NTE) operating limit, for example, for

35 marine diesel engines. The hybrid propulsion system of the present invention may
provide operational emission control features, in addition to emission control equipment
provided with the main engines, to ensure that the main engines are always operated
within EPA requirements or alternative operating limits. Operational emission control

may ensure, for example, that when one or both main propulsion motor-generators share
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propul sion and auxiliary power needs, and controls operation of the

engi nes, auxiliary generators, notor-generator units, and nore generally
may cont rwbD 2e098076659f | ow t hr oughout t he systemto sati sfpCrlus2008as67and power
r equi r 2netitesprofigmporlaxd; withdetehorobwsh rodintengmss,etht tommanldsclopad be thpr ominded by
the energy storage system 1p.so ut ontrol systens of the present
i nvent i on & S)sggﬁﬁﬁl%%]eﬁpsﬁ@b%@‘@mﬁﬂ%t ed and adjusted, on a
real tine and epbstisndli cdhibdor Oithd) UBAErch 38dyShe I%Eﬁl@nt}é@rthﬁugh ssteMble
dermands, and is controlled and Iimted by the EVMS. Wil e several

oper at i onfrquasdesiriziese Hesner ¢rakalimanty dreayariablgdvesuenay duitvas used reeewiol 2ed t hat
addi ti onal, coperat aNabn TRASS JEX B8 RLOYEASH J 0. RrAChiCE: AReT alignof the
vessel ané enFﬁ/gpnay pbe adto edt and~ oper at et > ac ordl rPg ¥ pregreqi erm ned
oper até NgfieRERsy @3 teiqat abetolby Ahhpepivsy fre@aty eoEidISscadde, afoaickadbe, power

resources, or various, predeterm ned operating nodes may be sel ectabl e by an

oper at or B¥dngger elgtrigennds prapulsigny: ey théy sehsece thsagoslrobpesten idstsgmines the
requirene j et.e @ 3 i i I

ai low an- Sedienth BRLShE RRGK Fdortl, 18 LGNl PR RRRPLSRROEL S, e
above. | npoenesterfbqdedreihe nanoogsebpe thawyqueakeated toeumptht shafaat thegdivambde

for the vessel's current or anticipated oper .tif)nal requlqrements. Throttle

advance b&fRY ! SRECGPAT hFHETal SR TP SRR N8t neh QBFRQOB ST ORHY!
i 135 € Aheitio TR BRBRAQlidParl A0 LML i/ ShAthis ABRAAL kinal

| evel or node, or nmay actuate a signal or alarmthat requires a positive
r esponse. comrodingytstesr  regilotts nboth, thef mdter spssleland porauce dyf oranuilainghsre a

det ined ti . iod de that,. id . t.h th
hecessar y CROLMBBBRE O e TeRBr e al BESsESroliba tngn T TP < o
the oper at@ientd SiPhfaddly NThé AdkorGREViatd My it ortiBh 6f Blkfrb@liRAtproMARr to¥que

avai | abl e, In general, although automated node sel ection may be provi ded
under sort! exqeetuat thenER4 BTEnayusacauisancntlat app eivni wecd.tHlovope the Brithas

the abjli 10 QVerrl h i ln - [ to the ability to
oper a? (lé t%%glﬁey‘borﬁ%%a%lr%%tcjtltl%iﬁcggpg@dg@g&rhgf%ir?AtolﬁgEE)lgl\ﬁggq‘#t}gg%' descri bed above, in
sonme enmbodi mentTae hihéd plipulsion @fd émvegyEMandgensat egteriest ticrprpRneinvomites nay
be limted hy the operator's or the system s selectjion of one of nultiple
states of PFEHabINdELOPIRE FBRIP ﬁ@@@%‘tléﬁ@grﬁ?ywﬁ% thag | dstack quIEsNt tneaves perelt or  or

automati cgld X}I)qut afl¥ets R VElGud PoifR\hitHin Iﬂ%"\éﬂ%‘h{ QI,ECV ccgﬁr\gﬁﬁlg%% ttg‘%,t;da&at ed

during operation. e provision of "transit, assl s
recovery" tqpoventraimedieconie!] epsenpbpryted, Theetangrisitly aaprdgassnat ormpogsmmaplde

el g PRl N, 8 85 Lol Bl LR s, T Rt erY
aut omat i C@YidcYet@ToptBYorP§s&el RBLASK AR poRRdH th0NS ISR dheroP3h&r Yor
example, allowing the operator to select modes and bring propulsion systems on- and off-
line at his discretion. Various types of human-machine interfaces may be provided.
Industry standard OPC protocols may be used for connectivity to the PLC portion of the
30 system and standard software development tools may be used for development of the
interface. The system interface and controller may communicate with a remote or
centralized control or monitoring system, so that remote connectivity and monitoring is
available as an option.
In general, the vessel control systems preferably utilize a distributed control
35  topology wherever practical. Control functions are pushed to the lowest possible control
level. This provides a high immunity to control failures from a systems point of view. In
one embodiment, the source(s) of speed and voltage control faults in a power plant are
identified and the faults are cleared prior to producing a cascade failure. The propulsion

control, supervisory power management and energy management may be carried out
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power avail abl e has gone bel ow a predeterm ned m ni nrum or when the
batteries are discharged or overheated. In this way, the hybrid systemis
abl e (forwexampl7eg59t o prevent the shutting down of nai nPEMFiSe@s/08ar24 ng

shi p- assi stingpkxattanhsiomer PLheboedr catnok sgstamgs.oflldeplied emngbbdagechate eri es
by excessi v wer use. In neral.. sufficient, reserve capacity is

ot of er abl YTl HY RTRAde ikl BUERT Py 0y BOIGRT B PTIER ST BP S 1 ¢

propul si on powe{ oh® cABBdiEnBE Bkyd AdHItefind Whd ihtedEkel QitichRI froPES S theThi S
reduces del ays between operating nodes while additional generating capacity
cones on Fngiec rgom asd Finadigr ademnoeralpeontohstpiie suel g nedhpoheslhowsge A, such
as 65% power ...may. be programed.to automatically start .one qr, both t he
mai 1 engr O R RRLO AR it R SR b B pp A dnaF BB BhibePlo

Si t uatio onthevdysteth SULK ldedtiays swheasnatth@Zchpleadtngpartiiént. ADGE&hahe patpuliionmy be
selected in advance. One or nore sel ectable, programmable or progranmed

Tor e P .
eni ssi on €YRIal.ghe pysieny el beghvidsdiptayav iy vrandaoncryystemssEaghencr i sy
Protectio : row de u d r.s, defi.ni a
Tnot to epabaie et SRR QLA RAR] ofp Abla ek et ABIRL ke b B
engi nes. Tdeetchybr ithk pmajebsn®spseest @oviding hecrpased emrtiabihie nhrioogh npysirlovi de
operational em ssion control features, in addition to em ssion control
equi prment SPREHCHed wi th the main engines, to ensure that the main engines
are ahyays opengt efhsivht RiolidEPAI LS MRIVRM SenfatiBh ! QIsHAYE ARE pRipuREn
limts. Qperational em ssion control may ensure, for exanple, that when one
or bot h naystenpswgbuthsti aonngle fan t-qemerciivo censhiadass 6 Bca@Be the0@sdePOTox2iatkt he

propul sion | ogad, wi.t.h one or both .main engi nes, the torque devel.oped by the
i h-eng Map eyt B 1B 05mSan ShtilTey s FRERSRO e eerSfeHed S B R f onal
eni ssi on g@Adnh & arf‘a‘ﬁg;éd@cﬁﬁlam}é ofRy difdé Pﬂiﬁﬂfaﬂdret for o8l gftiviegeait kiR k@ufts pauency
drives. In one enbodi rent, the variable frequency drives used to control

t he AC malass pefopltesiodntheoplents iartee chdring egpaihoxonellos repissdvasiac sigpdisant oop
contr seh - L r 110 10 - fr e

cont o1 o HETESody oRgH S byl SRR REREE i BB B3, SRHERSH, |

thi s schesmaind Reluesnichedallg Yedufirm Ade30es M8 @3 prdirildisre qendiytrib@sd poier plahi near
rel ationship, the voltage) to apply to the notor to achieve a set point
shaft spe@epigriéh marliplepowsr gpdonsHin ¢ash gaive livgamsagy thap mogt propplie ke at
the given;set b&ﬂisﬂéftssa{@ﬁ%bE{‘ﬂetopgrafo‘r'.rre”t drawn varies accordingly. An
open-1 oop torque control schene is used during conbi ned di esel and

el ectrical propté $inorgy Mageentchi Sysahenedidadts tho perfotmays o€ tha gguetadmss bot h
t he not or spdged and tor manilpul ating the electro netic state of the

ue b
mot or 25 coHErBIPHEP: rlG n-daﬁ%a%? g DSTRCTR 18I RN I RQnA LT @i M pagement

tsgfngt el $ystTHE MRt RIcuPr oW B8Sa ALY 16RE RAILI 89 8f cchh8liZaaWsk&s PPORS!

er

management for the hybrid system of the present invention generally pushes control of
the process to lowest level possible. In some embodiments, this means that wherever
possible, intelligent loads recognize the plant load level directly through frequency and

30 reduce consumption as appropriate.
The power management functions of a central control system generally include
“high level” power allocation limits that are developed from multiple information
sources. This new information, derived from process variables, is passed down to process
controllers. The process controllers perform within the parameters delivered by the power
35  central control system. These parameters can be updated within the bandwidth of the
central control system. The process controllers will perform within the parameters
delivered by the central control system until updated. The critical characteristic is that the
parameters must not be required on a deterministic basis and autonomous and predictable
performance can be expected from the process machine without continuous updates of the

40  parameters.
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in excess of the EPA NTE torque requirenent at any given speed, allow ng
the main engine to remain exactly at (or under) the EPA NTE limt at al

ti mes. ThwOliwizeéespr opul si on and ener gy managenment syst @ag/uskooslogs7ps esent

i nvent$ on pref @hald)§ dontrolr poweat gyssmnsorboaprdvidodias or ratigndenti systsmt hdivodet ect
current power |evels.and operatin ramet e t variou oi.nts within the
yst em angebsndi bzl EASREAERE S BERiRe b ol A Eyah abhblh oq.
for examptgsicad¥yserR cOBABIREhdR! PHRLbARIRRICE t6 el ERltd mdyRin) be Yasvi@uss
types of control systens and interfaces may be provided. Discrete operator
syst em cofft FoTs Ohynadyeicneyiadeld jeponfimisp drcasystarn for (mpp| cor@pn aredpl e,
al | owl ng L. ORCLAN HaliCoSPEGAT: TPHSHHAN%:L0 A BLERU! $hOT SYR (R, A0 and
off line 3t RIS ai SCFation: dary ous ypé% of hunan- machihe’ Y At & aceglnay
be proyi danitbiRdiliskayrs Hif abdlaidan SPEadoprol Rieo ldstaliey statis Useld té eic mamfmabdevi ty
to the PLC portion of the system and standard software devel opnment tools
may be usBeSPMICl.dEYEEBpRERMAGT St i pErHabie thrpheh s/ Y MR/ § fhardsviggy
control | ef,(ffy.comuni cate with a renote or centralized control or

moni toring system so that renote connectivity and nonitoring is avail able
as an option. TThe geaenalinvdnhien Viesskedencdexcribdéd syidi edfsropeefter sbtificudviceze a

di stributed, control togglo y %gereverfprac ufal. nt y ol fgnctions are
pushed t oPReIIMGRESEIDHSEIDI e Bt 5P IICetBPOITRRS PPV BRs P& RPYRAntuni ty
to conirolifi@iibdd 68 the AbAe Y SthEMBVARIAL bBF MEr&Y- asl NIRAEHGRLOHRBRblaryt hE

source(s) of speed and voltage control faults ih a power plant are

i denti fi edmbhodimches. f alil iss fartkerc lupdersidogr that menyproddificatepna, cdddmde 4 | ur e.
The propul si control, supervi,so ower nagenent and ener managenent
may be caPRPBHUGH megdisom o 1bie dApRrdShpoMpPutian ahd oREY B EERg
control sysk@iBwithbult depdrtih€ BbmGROEEPL ol el fr&neinGeioaf er ably provi ded with
high reliability, nonitored redundant power supplies. In one enbodi nent, a
fixed nonitoring and interface station is provided in the engi ne room and
anot her at an operator control station, such as in the wheel house. A
portabl e mai nt enance device, such as a |laptop, may be provided and is able
to connect to the systemat any |ocation, such as in the Z-drive
conpartnment. As with the propul sion control, the systemw || be divided
into two (2) standal one systens. Each operator station may interface with a
dedi cated server; one |located in the wheel house and the other |ocated in

t he engi neering space, providing increased reliability through physical
separation. The design provides el ectrical power generation, distribution
and propul sion system such that a single fault on an active el ement does
not cause the vessel to | ose nore
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than 50% of its propul sion capabilities. Furthernore, in a preferred
enbodi nent, the systemis arranged so that the only single point failure
for an acwDweosl7essent that results in | oss of 50% of theCplusntosiossehe
Z-drive gearbox. This represents a significant inprovenent over
conventional vessel electrical and drive system designs, where main engine
failures generally result in a 50% 1| oss of propulsion. The distributed
power plgnt _design with nultiple power options on each drive |ine means

t hat nnsﬁgﬂwﬁﬁﬁble failures | eave both shafts available to the operator
The Energy Managenent System coordinates the performance of the generators,
the distribution systemand the power consuners. In many traditional Power
Manageneht Syét erapulsidie sfgfems compriong:a ki derst gwel sawotsr provading awrgy dbi zed

system Power. manggenent for the hybrid tem of the. present jpventio
gener al | YOBUSEE i e ervet TSR onelfish §og8 of IR N0 e
enbodi meRkSsoutdds SwhEainghd Hakasthes SoieEesiRSGHdAEeast BhEhhingRBpulbiOaEsSzihesRDNI ze
the plant | oad |l evel directly through frequency and reduce consunption as

appr opr i &tleast Phe mMuiNegceEAigEHE AtaTagd de idsivg aofonzme autpaf shedhendlinkadstoem
11y | " | tion Lini L oped
gener 2] |k i O LSRR ROURE pR SR KON Stk AL IENELRPe

process ysratidnl dfact of thaasleakt towsoiroesad aaessy pepulsivel deatadds. The process
controllers performw thin the paranmeters delivered by the power centra
control system These paraneters can be updated within the bandw dth of the

central eontr l%rgé@gﬁg‘ysy&@ﬁl O QGRS S, GRREP :tﬂeeéoﬁm%h'ouﬂﬁll'i fsRE A 3%@{1‘%@

paraneters deli the central control systemunti| update

cri ti cal owhar aetnber atd drivabl¢ hath tddeppaicatiythyr henmsin pepubeer egune edd oire a
determni stic basis and autononmous and predi ct abl e perfornmance can be
expect ede]EOcS'r%ePT’fétOb BieaBt BRREowTY 0 dofit; ROBUS TG stesirg Temotor-

par anet eg&erat@3i@0. 100 | PCT 24/31The DC control power systemis also

provi ded as a redundant system Two independent, highly redundant power
systens are fitted to supply highly reliable power to critical system
controll gr | oads, erator interface t.o t.his systemmy onl.y.b roovided to
carry out mai gt EREISE GRS PhERIRgurBroinats RSPl i Pyt
node opeglaétiiedl astribufies Wybtenf [paovﬁ@ihg Usieditcotiandt dRfgyPdoty Oktvide &¥sietr- The
system preferably nonitors all |ayers of redundancy and provi des detail ed
status beRRrayy upd i Hheeskosticabshiobiron, swjm edndstifiarepnyphofisthe senergy

avai | abl / SWBD hardwi red interface. The present invention has
been des%?%%%gﬁgfﬁﬁmgg?erence to specific device

4. A propulsion system of claim 3, wherein the main propulsive engine is independently
capable of providing energy for propulsion by driving the common output shaft and
propulsive output member and driving the motor-generator unit as a generator, supplying

output energy to the electrical distribution system.

5. A propulsion system of claim 3, wherein the EMS controls operation of the motor-
generator unit as a motor for propulsion and as a generator for supplying energy to the

electrical distribution system.
6. A propulsion system of claim 3, wherein the electrical distribution system is

additionally linked to at least one auxiliary generator that, during operation, supplies energy

to the electrical distribution system.
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enbodi ments and figures. These specific enbodi nents shoul d not be construed
as limtations on the scope of the invention, but nerely as illustrations
of exenphaopoenbeddments. It is further understood that Poams2m8@8d7e€at i ons,
additions and substitutions may be made to the described hybrid propul sion
and ener gy managenent systens w thout departing fromthe scope of the
present invention. 16300.1001PCT 25/31We Claim 1. A propul sion system
conprising: at |least two sources providing energy for propul sion and an
ener gy managenent systemthat controls operation of each of the at |east
two sourges, WherRURIJN8yddm! 68%1aitVe, SAEGE Sthi NAbMAE] alistBREbn ASteARH
propul si ve engi ne and at” | east one notor-generator unit arranged'to drive a
comon  outdptinnal i difkccatochnl dnekgydteregasystemmpio vl bi-diracg ol tepergy Hombledtweemd

t he ener agenen stem dynam cal | hifts operation of each of the at
| east e wicSar RaCaR g ouleT SR VRRTe Sfre alasaB®B A propul si on system of
claim1, wherein the common output shaft and propul sive output nenber are
drivabl e both independently by the main propul sive engi ne and the )

not or - gehrer at Sroropilsion syiders jomglai e slsTan Bie aledrien distihusion| sytoa @nyIres and
t he not of g ;ator unit. 3. A propul sion systemof claim1l, wherein the

not or-generatof unit is linked to an electrical distribution system
provi di ng bi-directional energy flow between the notorgenerator unit and
the electrical distribution systemunder the control of the energy
manageneht sySt SRPUSION SystspLiadi 61y 8t e¥RBEInC e rﬁ?@,tr%eqh utigis " syateR
PrOpul S1 Y@ FHAN D edniorlsB SREAGCBE! YinkaPab! o ACPEQY b Mein EHRLEH Al flow
propul si on by iving the common out put shaft an ropul sive out put nenber
and dri vbatgetthBCrantlokC hesesr at or unit as a generator, supplying out put
energy to the electrical distribution system 5. A propulsion system of
claim3, wherein the EMS controls operation of the notorgenerator unit as a
mot or forg pr pntﬁrje‘%lggipﬁ@pstaﬁ o cHERSY, H1Rfcih He JHRREN IINGTRARNIYstbR dotrises

el ectrical distribution system 6. A propulsion systemof claim3, wherein
t he el ect Dhps and thei BUS maintysst substastialydéansignaPCyvaliagk od the D& bredetinmne

il h dur.i i | i . he . . .
Pt e TG B o B R0 e BRI S5 PR bR Byt e
of cl ai mohstanhBCBldkagd'® tht edrby Satagdisgdtérhbut i on systemis additionally

| i nked to an energy storage system providing bi-directional energy flow
between the electrical distribution systemand the energy storage system

11. A propulsion system of claim 1, wherein the propulsive output member is a propeller

or a propulsion Z-drive

12. A propulsion system of claim 3, additionally comprising a variable frequency drive
linking the energy distribution system and the motor-generator unit and specifying the output

speed and/or torque of the motor-generator unit.

13. A propulsion system of claim 1, comprising two main propulsive engines and two
motor-generators, cach main propulsive engine arranged to drive a common output shaft in
combination with a motor-generator and linked to a common propulsive output member,
whereby each common output shaft and propulsive output member are drivable both
independently by the respective main propulsive engine and motor-generator and

simultaneously by the respective main propulsive engine and the motor-generator.
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8. A propul sion systemof claim3, wherein the electrical distribution
system conprises a DC bus. 9. A propul sion system of claim8, wherein the
el ectri cavodnera7sdsat i on system additionally conprises amCAETShars/oBé7nked t o
the DC bus providing bi-directional flow between DC and AC buses. 10. A
propul sion systemof claim3, wherein the electrical distribution system
conprises a DC bus and the EMS nai ntains substantially constant DC voltage

on the bus , during. operatio f. the propulsi stem and supplies .energy
"1 excesthof AnBiopi Sisd St O St bt HOOR e VSCODSHERgEe (3 RETETEY Gy

st orage EMly Inlhigh TR, ShRRs VSl claim 1, wherein the propul sive
out put nmenber is a propeller or a propulsion Z-drive 12. A propul sion
systemof claim3, additionally conprising a variable frequency drive

| 'i nki ng e ener di stributi system and th t or - gener at.or it and
spect fyi k.t 8 BavHieT Bl ShBrE St SRR b EAES kBREAS SRREREE of Y 15
A propul sioptilsB¥ Theiit @ lisitahMokqucChiiflltios tHMAWPrdpailsivadniid 6 iavelceradides and

two notor-generators, each main propul sive engine arranged to drive a
comon out put shaft in conbination with a notor-generator and linked to a

or opul st V2 out phieP ASnBes BRIl SRR SEASTRR RN PR il e

mai n propidpslsive eapicrie lamd thetoafuegamartad arschrttdsicevallat andelas! y nbtytot dxeced
respective mai n_propul sive engine and the notor-generator. 16300. 1001PCT
27/ 3114. 16)5\61&&’6?5313%%%%}%%@%38?“%- aim1l, wherein the EMS operates the nmin
propul sive engine only in high efficiency nodes of operation. 15. A

propul sion systemof claiml, wherein the EMS controls operation of the
mai n propul si Xeremdsioe sysverh ofitlairh A6, whergmaho BVfubpaitet the metbngareopot wiiv e

engine to a selected.level. 16. A propul sion system of claim.15,, wherein
Tha! I Suh it rondinscdgtioptiraauSkS Rhesk 30 18 e PrBu YAy i coprash

torque %&"oEHl%iv‘é%@mﬁ&' Rcdaadny! SY¥BllsRt RinaR8 Qe dpefatibl IXEESthih SY&Hulsive
specified by a regulatory agency. 17. A propul sion system of claim 15,

wher ei n ¢tgencEls pwetisiyasoneverderaendgener at or unit as a notor provi di ng
addi tional propul sive energy to the commopn output shaft and conmon
propul sive nenber to satisfy propul sive denands when operation of the main

propul si v& engipmepdlgivh Syétémsettdisifry 1 pwBEinsthe enstenBa@satorl it & & APUMSI0RN
systemof claim1, wherein the notor-generator unit is an AC

ot or geng§EtAT: 19. A propul sion system of claim1, wherein the

not or-generator unit is an AC squirrel

19. A propulsion system of claim 1, wherein the motor-generator unit is an AC squirrel

cage induction motor.
20. A propulsion system of claim 1, additionally comprising an energy distribution
system and at least one winch coupled to the energy distribution system, wherein the EMS

controls energy supply to the winch from the energy distribution system.

21. A propulsion system of claim 20 wherein the at least one winch is coupled to the

energy distribution system through a variable frequency drive system.

22. A propulsion system of claim 20, wherein the winch additionally supplies

regenerative energy to the energy distribution system.
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cage induction notor. 20. A propulsion systemof claim1, additionally
conprising an energy distribution systemand at | east one winch coupled to
t he ener gyodoeta7sésat i on system wherein the EVMS control SCENSeepp/08apply to
the winch fromthe energy distribution system 21. A propul sion system of
claim 20 wherein the at | east one winch is coupled to the energy

di stribution systemthrough a variable frequency drive system 22. A
propul si system of claim 20, wherein the wi.nch additionally supplies
Fegener ative SNEryICETORBELS B PUSED HHERIGSA AYdt em 16300, 1001PCT

28/ 3123. A vessel incorporating the propul sion systemof claiml. 24. A
vessel of claim 20, wherein the vessel is a tugboat. 25. A hybrid power
system f 24 usé wesschohdainm20,wdssah theorepsdl &4 miggbeat] east two i ndependent |y
operabl e drive sources arranged on a comon driveline providing energy for
propul sion, an energy distribution bus, an energy storage system and an
ener gy nEnagenenybisy o (S gentuse! dd ng nRpRe atdsedl edmpriendtat | Rast tworo
sources and controlling energy flow between the at | east two sources, the
ener gy dindepangentlyoppasiide drite sorEcesaragged o B LgEnag s diavalingiperading eherSENS
dynam ca r ! rahl | ve

dynan carioge SR AL fRbl EshiRbORRE SRR SOPREASHLE, 1 HEeRoHL R

mai nt ai nsyatesu EVISNto@tdling opghiauit ofvibk tad astotva Svrir@8 and olirslting kuérgomobus.
26. A hybrid power system of claim 25, wherejn one of the at |east two

i ndepend@SIVESH Hisett APt JorEces ollie cBErEY istribiiog bugend ths SherghsiPragpsydshe in

t ; i : t . . . :
a not or aﬂ;ﬁgt%ﬁuﬁﬂeMn@ngﬁléaﬁlgmg)%}atéseﬁé twgqﬁdﬁenaaﬁlggﬂ%g%ee Qﬂr S hhYLd 90y

system e energy ‘storag stemto satisfy pr emands. 27.
hybrid pdywemisallyt eomtofls céreign T®ow whesaisfy trhepulnvordeogemds atndr tainmbintagn a

additionally operable in. a notgr node usi.pg.energy from anot her
independ%ﬁ?%@“%ﬁ@?%&ﬁﬂgYﬂmag%og r?%?gyégﬁnﬂﬁﬁngﬁd power system of claim 25,

wherein the at | east two i ndependently operabl e drive sources include a
mai n drive engjne and a notor-generator unit arranged on a conmon
drivel i n&). and hybeidnwiver dybtom engdiinme2andheroinomegeinide at brastame mdepaaildertlyt o

drive the camuon driveli.ne akternatglilﬁnderbﬁgntrou of the .EMS. 29. A
hybrid poRét E@EY%?R“&?G%T 3PN EeIGREY S OPRE O G BY T Bodn §iife ChsRY ik

Mot Or gengr RhQT ot 6f AREEARLE didriblitionesyshen GaaTme &leﬂgyeétbﬂage SiySot /Nealds) y
under control of the EMS. 163 00. 100 | PCT 29/3130. A hybrid power system
of cl ai nPPBulsiveele@ands he main drive engine is operable to sinultaneously
drive the conmon driveline and provi de energy to operate the notorgenerator

27. A hybrid power system of claim 26, wherein the motor-generator unit is additionally

operable in a motor mode using energy from another independently operable drive source.

28. A hybrid power system of claim 25, wherein the at least two independently operable
drive sources include a main drive engine and a motor-generator unit arranged on a common
driveline, and the main drive engine and motor-generator are operable to drive the common

driveline alternately under control of the EMS.
29. A hybrid power system of claim 28, wherein the main drive engine and the motor-

generator are operable to drive the common driveline simultaneously under control of the

EMS.
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in a notor node or a generator node. 31. A hybrid power system of claim 25,
additionally conprising at |east one auxiliary generator providing energy
to the ermogyoadi7edspi buti on bus. 32. A hybrid power syst ecrafS2aisasemLs,
additionally conprising at |east one wi nch coupled to and draw ng power
fromthe energy distribution bus during operation of the system 33. A
hybrid power system of claim 32, wherein the at | east one winch is coupl ed

to and dgaw n r fromthe ener i stribution bus.through. a variable
frequencylar | SOyt e TSCR §h R 280 RbrreS) B gr Tl ATES S QT & g
two mai NgigRahR@eslyt WovdTRROLERRRMAHATAIRNEhd YR RIMEREoH! foV 6pdrik@Sthe ERABIHrTAI N
engi ne arranged oh a common driveline with a notor-generator, wherein each
common dgéngedtéme airgotdr inpdbbea potctatdmdedendent |y by the respective main
engi ne and notor-generator and simultaneously by the respective main engine
and notor-generator. 35. A vessel incorporating the hybrid power system of

clai m 2531 36. AMhyteRISgiw@fsyStedl 8 daim WHEE&ifloddl§ d@gHRIng & 18ast WAbQAKiliaB/. A
nmet hod for operating a propul sion systemto satisfy variable propul sive
demands, SSASEXQ] poYiHBgwneRy|te therenetgstdisiiibeigpr huses at | east one mamin engine
and at | east one notorgenerator unit, and the main engine and the
not or-generator unit are configured to drive a comon output shaft both
i ndependgnht | yAahgbrii povtrangeds lof, cliie 28pthddidodlypedmspriningd atmldastngnéd kenétor que
output of the main engine to a selected | evel and operating the,.
mot or geneURISSr toupRd deving petvsF fiomy i rpgeaditibyios g‘éﬁ fyng Arsration 8F the
conmon O%k&ﬂ{ shaft when propul sive demands exceed the sel ected | evel of

t

torque output of the main engine. 16300. 1001PCT 30/ 31

33. A hybrid power system of claim 32, wherein the at least one winch is coupled to and

drawing power from the energy distribution bus through a variable frequency drive system.

34. A hybrid power system of claim 25, comprising two main engines, two motor-
generators and two common drivelines, each main engine arranged on a common driveline
with a motor-generator, wherein each common driveline is drivable both independently by
the respective main engine and motor-generator and simultaneously by the respective main

engine and motor-generator.
35. A vessel incorporating the hybrid power system of claim 25.
36. A vessel of claim 35, wherein the vessel is a tugboat.

37. A method for operating a propulsion system to satisfy variable propulsive demands,
wherein the propulsion system comprises at least one main engine and at least one motor-
generator unit, and the main engine and the motor-generator unit are configured to drive a
common output shaft both independently and simultancously, the method comprising
limiting the torque output of the main engine to a selected level and operating the motor-
generator unit as a motor providing additional drive energy to the common output shaft when

propulsive demands exceed the selected level of torque output of the main engine.
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