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vari abl e power requirenents during operation, and to systens and net hods
for managi ng energy flow in hybrid propul sion systenms. BACKGROUND

HYBRID PROPULSION SYSTEMS

Reference to Priority Application
This application claims priority to U.S. Patent Application No. 61/013,113 filed

December 12, 2007, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
The present invention relates to hybrid propulsion systems suitable for use in marine
vessels having variable power requirements during operation, and to systems and methods

for managing energy flow in hybrid propulsion systems.

BACKGROUND

Energy conservation and pollution control efforts are driving development and
implementation of propulsion systems for marine vessels and for other heavy duty, variable
demand applications that reduce both fuel consumption and harmful emissions. Diesel-
electric propulsion has 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 motor that is mechanically coupled to a propeller.

Various types of combined cycle propulsion systems that utilize two or more distinct
power sources for propulsion, either together or separately, have also been implemented. For
example, a CODOG (COmbined Diesel Or Gas) arrangement provides propulsion either by
diesel engines or gas turbine engines, but not both simultaneously. In contrast, a CODAG
(COmbined Diesel And Gas) arrangement would allow both types of propulsion at the same
time, as well as independently. Combined cycle arrangements have been used with various
combinations of diesel, diesel-electric, 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 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
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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 demand applications that reduce both fuel consunption
and harnful em ssions. Diesel-electric propul sion has been used on
submarines and surface ships for many years. In general, a diesel engine is
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operation and output of the various energy sources in response to propulsive load demands,

hotel loads and/or auxiliary energy demands, implementing multiple operating modes.
Operation of the propulsion system across multiple operating modes allows optimization of
the propulsion system’s response to various conditions and enhances the fuel and
performance efficiency of the overall system and of various energy sources individually,
reducing emissions and satisfying a range of energy demand(s) quickly and efficiently. In
some embodiments, an automated Energy Management System (EMS) implements a
substantially continuously variable range of system operating modes and dynamically shifts
operation of the various energy 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
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
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SUMVARY In the present hybrid propul sion system energy for

propul sion may be supplied by main engines (e.g., diesel engines or other
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The main propulsion engines (e.g., diesel engines) are mechanically coupled to the
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
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The system s energy storage capacity may be sized and configured as
necessary to provide energy for neeting the vessel's propul sion and
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fuel consumption and maintenance requirements, and reduces harmful emissions, by
operating main engine(s) within high efficiency, low emission ranges and supplying
propulsive energy from other sources as necessary to satisfy the propulsive demand and
support engine operation at high efficiency. High load capacity engines 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
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The hybrid propul sion system of the present invention is operated by the
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di fferenygenays. In high |l oad demand situations, for exanple, when the main
engi ne(s) are_running and notor/generator(s) are additional -lﬁ' provi di ng

posi tive torgiéiendhe meingyngins(s) iarreoperdied WilSnrapprabag cavees guvkigh they eahibitol | or

limt, t of i c i t he i.n i f ively
1] ng B ag B Cind, BRAUECQRf aRobPlal HafodBich B E TSk B Rl
restri ct satghypepropalsaid denlaad tvathbhereguicipg idpat fromnothdrienenggyspurcése Whemthe _
bover cubUES! T (1 maR RGHPRS) FREHBCRT SroRs i TS TGS B ® GStbdEL o1 di ng
to one emhesihnBObssodRGl AdtEPRhahiodNoitle ¢refdy @stribOiRPEERN A uskd f fatiofyt put
torque ranges at or below reconmmended limts, wth the notor-generator(s)
Er o;uh di n@@ﬁm@@r@yﬁimag%ar&mpﬁwsw tftfefiggﬁﬂls PHrlé&ééfz%dgdff ftlgfbg@pwtwe)sf i Ed

y the n r.adt i . u : . For
oper at 1 oo B R o e S e B AP IE) o
remai n belaowengite¢pabnengy stosige, ord fuxderngenegngatapagityagbncyg peosimérided

Not - To- Exr%ee iv%me{E%anl [ m’et at al Ii (2 tgut agfmi@d% W tteh exqcess wer . ovi ded
by ot her P8 or e% 8’f h&' HS/S?%I&G ér ‘Bﬁf i gys(fpg?% dv%‘? SUEERTE Wt s may
be progr pispelive lemahiiLisSyPhEEN from dRYgyDRoREE apd/aPhexidty aRnopei@taacity.
dependi ng on | ocal regul ations, operating conditions, and the |ike.
peration of the propulsion system of the present invention in a hybrid mode may thus
provide substantial efficiencies, and reduced emissions, by operating the main propulsive
engines within higher efficiency, lower emission ranges regardless of the type of main
propulsive engine.
The hybrid propulsion system of the present invention may additionally provide

operational control features, and emissions control features (in addition to emission control
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| nefficient fuel conbustion and engi ne operation not only produces high

| evel s of harnful em ssions, but it also causes prenature deterioration of
engi ne conmponents and i ncreases nai ntenance frequency and cost. The hybrid
system of the present invention may be operated to provide inproved engine
performance and durability, and to reduce nmaintenance costs, provide nore
conveni ent mai ntenance scheduling, and the like. In operatlonal systens of
the preseqtipmepbatgviied wite th%amﬁmp%wﬁ)sI%WSéWgﬁhﬁfe%)malaﬁagws efeoRsraipll si ve
not or - ge d t r

par amet or g g PR E | Rl o a0 LR B ) e

oper at i ngiiffempewatsu rle, higinthatl klemand eituations, rfpr owep, fwhen elmzmammhgp&(sf) a@rerance.
Overal | e men nt.enance be eflts ar ough | ess
¥ equent TTPRERpERREecOt PR RLERERY P iia podiofe frh f2p e s

and the iBMS m@e& Sfilgiiiel tb QofFRJbiClimithB agRuANSE tdfjue dohibiRd by ahe Afath
events. O her qgonents of the hybrid propul sion and energy nmanagenent

syst ens, e§@eﬁ(8h§ ely lgpifing eRging PBerationssi ¥ Gylowt pirggdied guipe rquammwhr y
energy g g ke, I

controll ggk%?c;%fnl %@gg\tlagl\gglf 5 %s%/rgﬁe lir%k ef ftlhii:gta\)(gal ;El?é;?\lgﬁ IS% a%)?ef ?%ngn% to run
speci al i bedpeoyptedat bpgmmmddEcieryl throgghau thesepdwey cepyecinfriimizopetha prodgcetion
condltlon and co onent configurations. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 i 17 GRTArES ' s chemati ¢ di agram of an exenplary hybrid propul sion
and energy di siccoddingitonns ymbedimeht, tellfgen@b@esamm u; nmﬂ t@bp&ﬁloﬁlaﬁﬂﬁn bapuuse
with marine vessels h V|n vari abl e pawer . .2A shows a

schemat i COTHPEEHRETH at1oF gpwar@?%@n%meémfﬁ} mtp ﬂ"rﬁ rﬁPtﬁﬁEer@ﬁ%t%réﬁ)d’ﬁ%V‘%%OWFr

system opg "s@cfsf}pﬂroﬁulsfoﬂm&laﬁ@é’ mOB{%E%t oY oLt NEedVRS 8R! Raill %ﬁgﬂﬂgﬁ r bﬂé?aﬁ’@pac Ity
propul sion systens during periods of vessel inactivity, as slow

and/ or novithgmthet regamsmendeg, toggue rengefre. rfmxioperatiem it theudids, for epuhple.oenginsad
doesn’t %?@rgtg(gn d%;gﬁegﬁgﬁalle%%ot I%m%%(y%e%w @1)8 D LA OBH lfescfepal rég%?a%r@ ggrq'c%" al

for an extende
recommended Not-To-Exceed (NTE) limit at all output demands, with excess power

provided by other components of the hybrid propulsion system. Various NTE limits may be
programmed into the system, or may be selectable by an operator depending on local
regulations, operating conditions, and the like.

Inefficient fuel combustion and engine operation not only produces high levels of
harmful emissions, but it also causes premature deterioration of engine components and
increases maintenance frequency and cost. The hybrid system of the present invention may
be operated to provide improved engine performance and durability, and to reduce
maintenance costs, provide more convenient maintenance scheduling, and the like. In
operational systems of the present invention, the main propulsion engine(s), and/or the
propulsive motor-generator(s) may be operated by limiting or controlling various parameters
in addition to torque, such as output rpm, operating time, operating temperature, and the like,
to improve efficiency and performance. Overall equipment health and maintenance benefits
are realized through less frequent engine overhauls, oil changes, air and oil filter
replacements, and the increased ability to predict, manage and schedule maintenance events.
Other components of the hybrid propulsion and energy management systems, such as
auxiliary generators, energy storage systems, auxiliary energy generation systems, and the

like, may also be monitored and controlled to improve overall system efficiency and



Fig. 2B shows a schematic diagramillustrating exenplary operation of a
propul sion and energy nmanagenent systemin a | ow power demand, m ninmum

em ssions node, slow transit state; Fig. 3A shows a schenmatic di agram
illustrating an exenpl ary eco-crui se node of system operation providing the
capacity for continuous slow or nediumtransit and | ow power assist work
where the maxi num conti nuous | oad doesn't exceed from agbout 15%to 35% of
the maxi MYRCHRYpdsioonin tpseiabesdepreratings ppdestadored g arpehag jspefific operating g 3B
shows a Gh&HBd mddbAREARM Ldnridattighd N exenpl ary operation of a propul sion
and ener gy nmanagenent systemin a general ly Iow to medi um power demand
node. Fig. 4A shows a schematic diagramillustrating a m d-range node
of system operation having a wi der and hi gher range propul sion | oad

capacity n It % 0 | propul sion | oad potential.

Fig. 4B ?ﬁ%‘v@?‘gﬁgéne m{&g%iyﬁwwgti ng exenpl ary operation of a
propul si on anﬂlgenanwraf&@as@mmtc EYShBBflan eﬂe@ﬁa@nglbw ﬁﬂb}dﬂél&yﬂ{d ARVES
range demand node Fig. 5A shows a schematic diagramillustrating a
full powdistrisien systeperiathe aessrbinvanting Riighlec b dise tWithh mapine sreBalsdppeingt i on
for cont lvmpg‘ge?tdeﬁq sit and full power assist requirenents having a

| oad capacity of froma out 60%to about 100% or nore of the maxi num
propul si on | o&ig. 2ét elmivsah .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.

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
power assist work where the maximum continuous load doesn’t exceed from about 15% to
35% of the maximum propulsion load potential for an extended period.

Fig. 3B shows a schematic diagram illustrating exemplary operation of a propulsion
and energy management system in a generally low to medium power demand mode.

Fig. 4A shows a schematic diagram illustrating a mid-range mode of system
operation having a wider and higher range propulsion load capacity of from about 30% to
70% maximum propulsion load potential.

Fig. 4B shows a schematic diagram illustrating exemplary operation of a propulsion
and energy management system in a generally mid-level power range demand mode

Fig. 5A shows a schematic diagram illustrating a full power mode of operation
providing high capacity propulsion operation for continuous fast transit and full power assist
requirements having a load capacity of from about 60% to about 100% or more of the
maximum propulsion load potential.

Fig. 5B shows a schematic diagram illustrating exemplary operation of a propulsion
and energy management system in a generally high load demand mode of operation

providing high load capacity propulsion.



Fig. 5B shows a schematic diagramillustrating exenplary operation of a
propul sion and energy nmanagenent systemin a generally high | oad demand
node of operation providing high | oad capacity propul sion. Fig. 5C
shows a schematic diagramillustrating exenplary operation of a propul sion
and energy managenent systemin a generally transient, high | oad demand

. . . . . P ted
T o o, e S Bl B T S B ool
syst em i Synigleh&tgy h?ahg%n%h%ﬁérd 2@l detedally Bafksient; hidRaYOhAA A6 PERROSY St EM
of the present "invention conprises at ?Ieast two sources providing energy
for propurtsipngampuisiedppbdenand imexdessaftthorated sasfemmporkrr abl y two, nain
propul si on engi nes, such as diesel engines 10 and 10' (e.g., port and

starboard mai n diesel engines) and at |east one, and preferably two,
not or - geMEBADLEDDESCRIPTION. I n one enbodi nent of the hybrid system of

the present invention adapt.ed specifically for use in marine vessels such
as tugboats tHHt® arPﬁq@ T‘g bl %Ysﬁﬁé%lsa‘t”i”gf?é‘i’d %:l?ﬁmﬁ l%r‘ﬁéﬂﬁ:el' %_he
requi r emagbsd prdpRIsin ¥8lehN6f ﬂag %frés%gria&én@ien Rbmbh&eshy Makhvwdyh R pRIVRIIAS €S

two mai n propul sion engi nes_ ( ), each coupled to a propul sive output
menber swBfredsion pppslsin ad mgorpegtesdit rleast oye,cand pielstally Bvareetiamirerulsion i ve

system or, L 1SSl : i t e e

o opul si VAEEN SRR Alel Sl 3P B8 1T ek LS e b dictf BRI B

i ndependenieasinchep pied prefevatdy ltwo paotat-gederaabnis. 14018 holigbneaammdirheritifubé er s
are exenpljfied in is description, it wll arent that ofher types
of *genr  Dekid SEuar of the Sureea idneipd Peentsd ayeifeat b BRBR, Fhaser gl S idhe of
the preseidbohdRAtHa08 highly variabR€opgBRdtidnil ARUpHfoPiaRR GbiBfembilis, ' drieBne
preferably rated to provide propul sive output substantially at or slightly
above t h&owgration QFBPQP Ry P SR SPRparises Aiogaeia promysigropngings (§9:sk®kneach

al t hough (Byhed ¢ B 13%9eu@msﬁq%ﬁgep;uchggoﬁ%@@@ér fgewgnhir%lycmhgﬁgqeye

propul si ve “out put excess of t rate t of the main’prop 1ve
engi nes fimchygeeal abtsreofysteimiot ecinstoission,osuch sisngzimbithe thnestary d 2s d2t, absugh a

propul sive _ener gy, .ngnaged by the system Di.fferent t. s _of .engi,nes

D v i nd ISy HHYA B arey S PR oRPLRTl SRS Bt SnoindSRRgis pus ent
mar i ne vepé&eliorflplpadti Mags. AlBouppezihutiriites ardéenhliEsein mtsgde@ag)ti@ayi ng a
rated output of at |east about 2000 horsepower and Rolls Royce Z-drives is
exenpl ar y W8 ba&parent thahplhat Wpst Pheeay dexes andgpmsistios R¥spRo PRYIPRGSEd 4h
propul si ye,duRash SEBAGE bf i@ Dresent invention.

The main propulsion engines 10, 10° are preferably rated to provide propulsive output
substantially at or slightly above the desired maximum propulsive load potential for the
system, although hybrid propulsion systems of the present invention can achieve propulsive
output in excess of the rated output of the main propulsive engines for periods of limited
duration using alternative sources of propulsive energy managed by the system. Different
types of engines, providing different levels of propulsive output, may be used in different
marine vessel applications. The use of Cummins main diesel engines having a rated output
of at least about 2000 horsepower and Rolls Royce Z-drives is exemplary for use in tugboat
marine vessel applications providing high propulsive load capacities.

Electric motor-generators 14, 14’ (e.g., port and starboard MG units as shown in Fig.
1) are provided in the shaft lines between each main propulsive engine and its propeller 18,
18’. Each motor-generator unit is arranged “in-line” with a main propulsive engine and
output shaft and is capable of providing propulsive power to the respective output shaft (and

propeller) when operating in a motor mode and when a clutch mechanism 16, 16 is engaged.
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Electric notor-generators 14, 14' (e.g., port and starboard MG units as
shown in Fig. 1) are provided in the shaft |ines between each main

propul sive engine and its propeller 18, 18 . Each notor-generator unit is
arranged "in-line" with a main propul sive engi ne and output shaft and is
capabl e of providing propul sive power to the respective output shaft (and
propell er) when operating in a notor npde and when a clutch nmechanj sm 16,
16' is ehdalySwior-geReRoRYNG s glsA&rRADY olipRarating 1§ asgeneriignedotndopyeridingng i n
a gener aleQbfR0S AR RVEMELIGiGH S6WE! HaagbRWR sybmd THESRGbr-Sdrfkdrt G
power managenent system The notor-generators afe preferably capable of
oper at i ngrdiergolpibapabled! opergiung bepowsk rafedroutpvg poweiufoatshayh duratires.  The motor-

not or - ge it e _provided, as Al rs,. such _as.,AC squirrel
cage i ndgge?%tgl{ Lrlrﬁé{}orPaZy. E% reogltﬁjseg aglA Cgfng%snssucglogsgjf\g-séﬂlgfe r 8%:?6,&@“59(%8? roé(l’rs'cage

i nduct i oTheRkOsBSiBAvRs Wudlershb el ATtsquirreDtagd Ihduetion otote APliag ¥ rited owtp® | N

t ugboat rine vessel applications providing high propulsive | pad .
capaciti & SORURBr 5t G5By fbst iy dvahoat B1arifhi eSseh AR AL AWK ighay be
used in SRR 104d daBEciES SOREr ty PRSI AB-generator unfPé AHRUIH QBwAYAY & Hf the
present invention operate with each engine, notor-generator, drive shaft
and pr opébdddn systavb ofdhe pnaseat iaerjiadt- "in-1ine, " so that each of the drive
shafts, and t h h ler j.r I riven s ly by a
man ongine,  itPuERE s Risyls Bt BORSSE. el Biedler SRl (6B, LG

si mul t aneenesdtyr, diac khagihuat tpropeyieib@nirimtiod acrangeldl‘ialind, Ut thafl&ach b thet drivie
permts the main engine to turn the majn shaft or to be di sconnected from
the driv&astiehiivg %@Beﬁfﬁ%ﬂ%‘ﬁ@ ’P%L%F‘B‘iﬂt‘/g%fhvéf‘éﬂ? Y8 ARIBESEY Yhe
prine rmy&élgsay Mot St eliBir in@N Gk BY (b2dh duBcesithuldPbusty. FaMeEREdmalFareh main
shaft also has clutches 16, 16" permtting each notor-generator to be

oper at edPeyidgd ythor clgtahvisnd St thet permifs thesmaint enginsrfo twa the madhghaftig tobs' are
engaged, enrat Yi r t ] SE QN

cvat om wi Shoufifed BERCLE dive SHRORY WO TR B REPEREIModY b HRPULBE" o
engaged. prime movéii® whebrthampinapginsispare singtdemmnant divierted aEdch nconplrafisdso leas

energy distribution syst.em and general i pcor parates a dual. bus
o angentitchsattgS bR uFosPiatY e S SPRRER T LBine Feptpner gy
di st ri butia@rwisenshesuiches 1, 16 M@E efigdeed @8 208 gélteatdemiBBllying Ry @b the cpEr@pul Si on

and ot her nmmj or |oads, and preferably accomodates the vessel's ener%y
st or age €ispiREtien sygigm twithavhisisiyingethe Quipuisthelie when therplytehes 16cl§yareppt| s
connect eg L. £ach of the notor-generator units 14, 14" through one or nore
drives 22,7 22" providing bi-directional power flow between the DC bus 20
and ot or - genBreabydridupropwsiod systeth ad@isioallyf conipeisapao eneyey distritoition sy stem 14,

14" may draw ener fromDC.b 20 and ret ur, er t o bus .2
ndependdii Ry ERY BomiRTbg g daBNealet oATPEERT ot By P BER Bt si ve
requi r enpowes sotirca ané aneigly ndisthibsticn. sysenofe Aimyajdic fedds , ondthie WesseR Zincldding
conprise variable frequency drives. use of variable frequency drives to

q Th )
li nk t heP'RBHISPD gathathst W@ri st 998 BEfRRPIYACSPIMeditbie SFSEERFRATEH HOTAge

propul si &?aa@t. Ofr B RGNt §IRusRERY il i IBIC bs bHgs BnrRbted t&gahdbeds of
the operation and speed of the main drive engine. Providing

not or - gemeioaigeresatanunisel 4 Haf thrpugheotyeormere ditees i A2'epeyivivéng bindirechenal
propel | e;go%\’/er %qr l?ert\g&ndt!h@q}(y %[14 %)Ln?d Inrc)?oq}é%gé:r&og ﬁ}\i\(se?zt, 14’. Each of the motor-
generator units 14, 14’ may draw energy from DC bus 20 and return energy to DC bus 20
independently of one another, and as most efficiently satisfies propulsive requirements on a
real time basis. In one embodiment, drives 22, 22° comprise variable frequency drives. The
use of variable frequency drives to link the motor-generators and the power distribution
system allow the propulsion motor-generators to provide power to the DC bus regardless of
the operation and speed of the main drive engine. Providing motor-generators on the shaft

line between the main engines and the propellers, and providing variable frequency drives
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bet ween the notor-generators and the DC bus, permt the notor-generators to
ei ther provide propul sive power or to act as generators and supply energy
to the DC bus, depending on the system needs at any tine and under

di fferent propul sive demands. Electric power for propul sion and ot her
requirenents may be generated either by auxiliary diesel generators, main
di esel engines coupled to their respective notor- generators (with or

wi t hout Z2bWsendhe BRipiweeratogsangyhe,D @dwﬁi prathe mplorgeacsatepdp stler provide pC

bus 20 i Spr%ﬂtﬁgv&ﬂm%tr €52dt Qs QBFerRbrs HRE %u}ﬁﬂg kA e%y'ﬁ oo @WZ §1YSS E%Bé%ng Wahhas

batteries t hrough appropriate co such onverters
26, 26' Smﬁmmm\aeramertsne whé nnderediffgienh pmpubsmr depnandse Enarlgypqwna“gerrent
System ( r ulsmn nd’vmilixhlgrs nggr]ltg (r)n ente(fliI rn € ueb L L% lant voltage
on the D(E dhd & et RO RS es% Gy elhgy SHPEEMt ‘365@ g aors,
batteri esmaﬁﬂ ,dlegéﬂ englnke$ ccbd}ﬂﬁed%%Ctﬁ&S r&pedtigy ni@oM@nbilatirs) (Wit 6t ditho #-Daiges on
the DC bus. The DC bus %§also be linked to and supply power to a

hotel | o&f8aged} PFB%?F@Hb@?/%‘t“e‘Pﬁt BEWESS- one or nore AC buses 30, 30
connected by tn@puseﬁﬁralsé%onﬂéateangoﬁé&nﬂ%ﬁraﬁe 2‘% r%%ggteﬁy'sha%@béteﬁe se in

tugboat marine vessel applications, each rises a 600V, 3 phase
60 Hz bu4, Pde tmuglugpe@prlatypqmabﬂte}s,pswbrast M@@spmegelhoiﬁsﬂ& oadC/ad may

supply oth X ropul si ve needs
ai ot 1 burt oy s e PR R ABR AT R RO e Sl T Phsy gy e

| i nked t aydthe tormianthie shbﬁarbi)allyr&ajmarmfvolﬁ@e% merncerbheaﬁd 3hen3Rere isl bﬂ:ess
converters permt bi.- ectional flow of 'g %r bet ween the AC and DC buses
and are $f %Pftgocaﬂvam ofee Daferiesnd S p R Odhe GXeRsS SASIRY 1P APajngeneanseet s 34,
34" may ReVevitHeDCand. | i nked to the hotel [oad distribution systemto
supply additional energy to the AC bus(es) to supplement the hotel |oad
requi rerrent s, Tapd)@bus @as'wéﬁq berdinkece re pegly surplyt heweIgobudoteh lqadofistribitian,

hotel , {rét&t. ey a?x&]ﬁ/ T ShiRBS3d %GU&Jn%Q&&} %ﬁétﬁ%ﬁ 3. | I;I{Io%@%x&é@”&\/?‘r y

enbodlnen ’he "auxi liary generators conprise Shi ice
gener at oesibodiment sulitabls cﬁamalse I b oae rmﬁzm,neazdd;bl appiiedtiopgwach elé:rtambsmpfasesal so be

Cyst om of o0 Vies BB ARE s oY 4 Delst) BBy B Bh yeris ERELEFE oo,

such as bgylpotheshedilarW ER@spAGve ggwerrﬁ?e\édﬁdqfhé hewBRlohY dReReBRspderh) AM t he
DC bus, for exanple, t rough drlves 29, 29', such as variable frequency

drives. Hs gmpedientgnminsisingt ages Bar30onaebe dakadnivehe iy DEgbus hmseeer!
requir em@/ﬁcmngé}lemio%zpw &Qwéﬂié??g&ﬂﬁt 15 RYSonal REQUIRLG gg% Eh%

converters or drives. I'n some situat regenerative ener pro uce
duri ng opér ad bf Wmkescandi dré aizgd e acibinate all potvapatel foadsn AhgiliDG demeratsudh as

enor gy adhaitag Perea e e a8 bk Farl R i Blind Sheetndrr e el pivent
may be pewegeth theon g edHGoBupAembritSBS hotel load requirements, and/or to supplement
energy to the DC bus as propulsive, hotel, efficiency and/or emissions requirements dictate.
In one exemplary embodiment, the auxiliary generators comprise 250 kW Tier II ship service
generators.

In some embodiments, additional power demands may also be met by the main DC
bus. Using hybrid propulsion and the energy management system of the present invention,
for example, high load capacity winches, such as bow and stern winches 28, 28 may
additionally be powered from the DC bus, for example, through drives 29, 29°, such as
variable frequency drives. It will be appreciated that other equipment having high power
requirements may also be powered from the DC bus, through appropriate converters or
drives. In some situations, regenerative energy produced during operation of auxiliary

equipment powered from the DC bus, such as winches, may also be returned to the DC bus
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Addi ti onal power sources, such as on-board or shore-based photovoltaic
power source(s), wnd or tide generation power source(s), and the |like, may
be used to provide auxiliary energy to the hybrid system Auxiliary energy
sources may be coupled to feed the AC and/or DC bus(es). Auxiliary power
systens, such as shore power, may al so be used by the hybrid propul sion and
ener gy nagenment, system qf the present inventiqnm%g $rovide energy for

bot h™propt $isPHiag” WuFisharspeieyadempifis nclsHyIcEr pBvibF 198tV ai Falite POV

syst em cagpimehtequpniRnPhBe PONGEd frof thOD®l oratdpaiexi | i ary | oads and/or to
repl eni sh stored enéergy supplies, which nay elimnate the necessity of
operating di eswlditiongli pewerpduressalseniges da;board or sioredasad phatavaiaice powti ance
on on- bog&ﬂc g%m GRliag 2N A% ) P g()}llf‘ce{-l);:;',eanrdet%le GIRE> Hf’%% Rk ?&ﬁ%’oavrié’e power
storage fromthe grid s generéﬁ y des T abe s Ree i eduCes "engi ne

em ssi onauxiing edbgyeo pavigbritl Sygeane rakiliargenegaiatcesbiag befdouple@nd feyd the
producin ower 1.SSi Qns, than power provided mari ne vesse| mai

engi nes. e S GHaEs) ¢ AFE1a6Y REVTRISOBE BFBH SH00F BN BRGS0 0 Rk bus,
for exanmpleehytaopePulfbn ARPLAREY HdhafXrhdAE sCRENM TR present inventish &'Prdidel he
present invention preferably I'ncorporate onboard renewabl e and rechargeabl e
ener gy sewrayérdipsh pippulsiygehd guxibanytleadsesWherpshoropowe is evrilagle, depastemy, to
support | (o} o\VA Ll de-t:h h
capact ty BLPREbES pREMAHSe: P by RladittanORAR, Bidk B 18| e b
battery ecippliegsviaoti mby eliminareahendreskityeitoperhtiagldiasal dndiadstvetiileedorariak oaridng
absorbed gl ass mat. (AGVW. or gel battery .technol o are | oyed, Lead-acid
bat tery TQURROY B ESe R Lnp B g Qedrte] S Ao el 1Y EREOPETER Lapab o
of accepbhtfird gt stbrSeFRINI Rk eidNAEGRr I desiraB R sin€d RtdduedsyenBing Bmetohe, |1 fe
are preferred for many applications. The batteries are preferably fitted in
vessel | axhshasnPowpeisezanprally geneiated anre chficieniiyaprodyeing dewe| erpipdens: ithans and
are unli : Qggggﬁ@, Le i [atai n
char ge oﬁg%%é%€8§§% 'S enefé%ﬂ%? a ?%%iéﬁﬁg% ?ﬁg9§%533§ﬁg? ?gggh@%gten1is
al so pr ehmt f2bd to the DiCeldisyor bxanDE/RD gb @anvppropriate ®(IPOcooeerener gy to the main

DC bus. Alterpative r st.orage. option such as Ni ckel, Met al. Hydride
(N VF) and Sodh RSP RET TSR IaE {RaR L b APr P as Sy o KRR IEr oy ed
for batt eichargéablcagreraNdior&R! S3tBIBALL as batteridst W grbvile sapipeeedpatied tohat
this power plant overview |s exenplary and that the specific | ayout and

ar r angenBRPOBflO¥ AMGHERPdsadndie prowide grrerelbhiisieric-herUeh gaPagHy beapHE ti es
may be vaﬁrér%nap nRRIEQMRARECt disl FRESMIedP IR UhSlyY 82t @dKdeL| 5, ROVEHE
demands. The hybrid propul sion systemillustrated in"Fig. 1 is shown as a
dual engémeodinigntl lepdrasichtbetteries yernplnynkertepibed ddessamat &8 GVOnor reel batierye

pr opul si syste drive, | i.n ar rovi.ded to drjve in propellers.
PR B RAENET PR R Bl BRSBTS Ty
be provi fledogivt @apsiabvLabcusinggrapidealiseinge/fechigp uited ol ladvelndighycyekniaige ment
systens of the sent invention, to drive a single o | tiple propellers.
It will %Fé”éer}ﬁrég‘%?%r‘%’iyaﬁpé caiRat: _tﬁ@ B TTp PETERCH diitedyR 18 ehiggatipns

provi dedyAsre Fheyt dNtht AbRNS inRW oh VAsd dbbatonymiem ulllkely@tbe\RiaBsts The
conponents may be retrofitted and reconfigured to convert existing

propul si eattesgseannte eanfigheed Hg rdirtaipr dipigesinothe yasselbh emepgerynkaiierremnandsiist em of
the pres i i . MO I rof i o]
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needed. The_ pre-existi C swi oard may be configured, for exanple, to
essent i a%ﬁ@ys@[w yclr%t@w%r@&a@%ﬂ} alfpios Nk pise i%ﬁG”ng‘H’ﬁgg?ri tolery Sovde
auxi | i arahdgemerigtdnti ncomers, deck wi nches and other high power requirenent

conponents nmay be re-routed to a main energy nanagenent DC bus. Deck

wi nches and df el kg gpiredigtedhithat dhigspare peef eveatipy is urebplary egdidhatythdr i ves

of f the . 1,541 06k L i A s the

mpact oPoyopcagat g PEREARAT 4 Elidithey WYl ACR bl EEURE
capacities may be varied to accommodate different propulsive and auxiliary power demands.

The hybrid propulsion system illustrated in Fig. 1 is shown as a dual engine, dual generator
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Converters connected between the DC and AC buses permt energy to flow from
the main DC bus to the AC bus(es) as required to satisfy the vessel's hotel
| oad and other AC | oads. Power is also be provided fromthe main DC bus to
propul si on notor-generator unit(s) through converter(s) or variable
frequency drive(s) to power the shaft during rmdes of operat| on in which

t he notor |soeratec!]é ive the out ut shaft. of operation in
Sl UL

whi ch t héYHBRIYICHam o5 ysmwér"a%g@dor R %Owﬁ@fr&taa esé‘FF‘eIPr@‘;?l gdto

suppl i ed diveMyinGop@IeR! Mm Be @%&@@M%@fe PRI A8 nRNESIO¥ndiRE stbrhd T ary
requirenents and to recharge the energy storage reserves, as required. Wen
one or bandy kefprovidedignd opesated yeirethathybkd aropulsionrand gnensy nmmnqngsxsrﬁenSAc

bus, exc e, I h b ugh
converteféz%h & ggegym tlOglbv\eéfui)‘]%oa{r 89 %Bﬁm&f‘t@ﬁe @%&E@ﬁieﬁ \%lgqﬁsigﬁ)gng’ﬁ{eg age{dgw ded
from t he thmithe l@(Brﬂdl,tSopulsmn syst%m Biyp be pravivied ras arehngratgng] sdwie ibeitted dgstatar y,
operation of the.h br|d ul sio andfe S %/ rrana enment s%stemls adj ust ed
and vari &4 1y ypg SdéorBIP qu eﬁ’?yo%errgf‘?m‘? a ‘b§§°°§ IgH8e PahyRert “HEHREnds
from nmul toidpulicrodisedS to ik [Op1Sieh aﬁ’@@nér%@hﬁﬁ?@hﬁhi wateapbﬁm%reseﬂ
operator may sel ect desired oper at| ng paraneters from anong a pre-defined
set of i ApERtiThoi ces governi ng operation of the system In sone

enbodi nment s, ! u of
outputs. all Oxmeﬂﬂg?{]@b9dsgﬁ}(m%§lr]eﬁgﬁt &eﬂe&?&[lﬁ%ﬁ% by ?>8£tm%/{@k&}ﬁ§ﬂ(§>%§rg“ sty
t he out putaydemsidainad adtemapbé¢ infagedtedeinta maeidttmnmln@@rswltchboaﬂdef hdahwbsial AR SSi on
manner, in the nost, oyverall er al anced .manner, or th eration
of "t he nYBPPORGRER of B BHET R B SHAADEHO R RS B REHErEd ang
controll eﬁ,eﬁwlgrr&tpp@alhbtél bgad f&lﬁl\@q@ecegrsdhglg:ohﬁbcﬁbﬁﬁeéreamm@gi £pefaadr Ng
protocols. In enbodi nents where predeterm ned nodes of operation are

provi ded Ir&ﬁ@eer geckeyineheapneothyr high ppuerde@Hemsat eangposenta prE e Byrautrd t9yst em
dependi “ x%hﬁag‘ém%tlﬁétbuée%bﬁ Gz'i‘fﬁ:ﬂ& P& di célgf(gxt %Q?soi}gr?éf%blya few
or many ere es of operation nmay e provi I'n alternative

enbodi rremnsby tfmuerycstcermemﬁf dnpelD@tlem hhia isubaseathe athblytycoﬁwthlen&uﬁwsyand

vari abl e_pmde, h tdEIr\Oﬁ i‘ r.S co onent tang tover system performance
and enerlﬁi SR ep‘(%‘f‘ ki fefs’ 1< RHOT N ?F?%Cﬁ? ?SH‘)% operat| ng paraneters
on a subst ant Calh\ieytefse@hnéctdmebeba&n&he DIEdnat A O Gubdd@ehyid ehditgP toofoil Sioanthand
ener gy managenent systemin the nost efficient manner, dependi ng on the

syst em cBAM Bhrsiteihe AGuses) as wAdre) osBtisydhe vessel st hngel |11>4@eand other AC

Exenpl ar y,.@pepahkn s R4 ﬂ?@%d&? ﬁ%ﬁﬁﬁfe%ﬁﬁ%@%&%@@&%ﬁn %ot@r-géﬂ@x%?(ﬂt ual
nodel designed to hel p operators understand what operati ngldpar aneters the

syst em i snik()broygh eomyittenty) or amwmﬁi@qulemyedrl\eﬁ) sy sevesntipeshhis dvamgmoddsud]
cconomy BB SRS SANEL S SBIATRY, ARV FURSSHER T, 19 VBt BHSpquRLaT and
operatin e con gurati ons. et ermanded exceeds the capacity
of the swhichnthé maor-gyperagdri xsg)pmathd 1fnoar gbmgen' niodenergergyr 8- silepleermfrnmdthel me
period, the control. utomatlcally escal ate the stem no e to
achi eve eﬁ@rﬁ%i}w ‘F%‘Hﬁ%@\k@? t‘g@%éé&ﬁ’ﬁ'ﬁy fRvuiaky, FRap B FraeTds §‘% cEchpbgrelie

oper at i Oghepdye stdRB6 reRPEksPR Aukd.h WREELbRNGE bTof?x bf @R adMiapfogehdratbhsl Arebe
appreci ated_ t hese oper ational nodes are exenplary and that additional

and/ or diunniagand peseres the Adpltsagicess eaey perydielsuppliddram e Gto e dierRBl e i n
certain giJf a t

component o oo FEers olibniof pSRer for RRERTHFLEF O feab PSRRI RS

each parfromm]heamamﬂmmsf operation and that other confi guratl ons are
possible wt no exenplary m ni nmal ons

erati ng ScHbmE LR PABFCibpropus B BR A b RIHOR " (0 G PPYNGEL i vi t y
and sl owyInghely MAmb@Acht k&8 id ddpSted¥RaNAritd® FrB%LEBMCcEANbpRMRdSctRad
doesn't exceed from about 5%to 10% of the maxi mum propul sive | oad

pot ent i aVideganggef damandgdwnpap|tipte sogresholirsoms centgo! apd imgismentaiiereschemes,

gener al | S v e

Seour od LAty M Al B o Rl e TRt A Rk WL S AT o1 ow
speed anchomes gpudrhing gparaliona thalsybte/dneﬂn sonooerhbotimensts Ianaqbedamrsm}t sedecceed
about 10% of . t he maxi mcaopa for an, exgended eri Ogerati on in a

m ni nal rel PYRY: AbERM nu*ﬁlf}?ﬂ Cal I‘i}‘ R}‘E% iy ?P@P&} a&&eré paCPEYAone to
supply the main DC bus and propul sive requirenents, with utilization of a
not or - gener at or 13 °



for additional energy capacity and storage. In the exenplary m ni nal

em ssions node schene illustrated in Fig. 2A, energy stored in onboard
batteries 24, 24' is fed to DC bus 20 through appropriate converters 26,
26'. The main DC bus 20 provides power to the AC buses 30, 30" through
appropriate converters 32, 32' to satisfy hotel |oad demands. Appropriate

f eeder/ breaker(s) apd interl ock nmechani sn(s) y be provided on the AC and
DC buses, Y38 35 i A tpHaeamed e %{?éﬂ R wnaewetﬂafwstbe@lg%ﬂ sfied
from bat t/gidhes aH rtH@ﬁm@t: SRgalf Q{er@xﬁﬁiﬂg@@ ngﬁﬁérpglsthel [fkenagRSAAYorShe AFSHJ €.

In this type of mininmal em ssions node of operation, the nmain DC bus 20 may
al so provireieulgpe ped enesgy meealisthent gysieot oy §emeanitorsd andicostralled aipmatigalat i sfy

rel ativel W i e . .confi ation - at or
ci ut chos. o Ry BRI BUCHANE (ASPRANGmiD SRS ROl 18 e R BRP SRR 0
mai n engipredetetMinedl Ohodes afpspesationGye prugidedidntierre ofledtitde B an €pegitore o€ lakd ches
15, 15" is, en d to contripute propul sive output to the drive shaft. Miin
engi nes ;Sﬁ{ectfg%?i?ee%ysmﬂgepswﬁanm%ﬁlﬁ%ﬁomtaequga@ﬁntﬁ &@@fggtbyeamm%n
pendi ng iNeieaSshyPdifBih Mb8esAITHRESI0R nay Mel f1BViBEH. t B Atcttidhil € cRBbdinithgher
propul sive demand node of operation. In general, neither of the auxiliary
gener at ortBe Stensaray gperptedp lasubvaiiaby icotinanesly yaniable medeas teslddS3moniRes i s

oper at ed | L Nj m_SSi t i .

goncr it or hagnéll gh I BB f 8 8 Rer B8 oe WP et Lol Mg ohh Hsfis

avai | abl er¢forrgt operdéng pasmetass @nea cubdiaithallpf realdmAGakisis eper@thg 8@' hytyrid

cl osing sw t(fhes 3 35'. In this otperat'bn%é):smdfg,. AC busesd 30, .30’ n;@/ al so
suppl y eRSMRIVPIbAHCTSTRY PATasP Ry RCRoRVAT gk elbisicngmanner,dependjngan t

propul si @staaweiifiguasioneadaghle bRerpPidirced naniad e, Uni ts 14, 14" . For

| ow energy and | ow propul sive power demands, as generally experienced in a

mi ni mal em ssiEAEPlpHRPeraing meases HEY §9 corsjderrd asgpmpenanis oftacogsgntul ynodple
' ot ) i
ener gy angm%egp ﬁélif %ipgx%}!é% ugi?éf}‘?%gﬁgh ty%e%ldgg;?aréln ES-dle s?{%@i]n ﬁ?qumglniowm

battery cha eve I dent nd 1'ncor ated into the contr | ogi c
of the endegyantawmizgérveht! systemerrfomirane, fustieponomy dndtehessjons hetugeortsmastieol d i s
reached, one. or both.of the auxiliar. enerators .i s rted.t r ovi de
cnoroy 1 S bRt R g oar Al SRS Bkl Y PLEEI BRREE (e
AC bus, exeggstenapgityl & thedysiénonn bh@pdatiliFoas Yort BndrahddCa Prsddt@nsddi sfy
propul sive or other vessel demands, such _as wi nch power demands, and the
like. Tolmferssiefethe copEql sutemduapitprtically seesiatahesysamimedepe ashisve tecess

energy i %@H@@Fb@& é&%i&ﬁeme%ti%@ AR N0 SpOL A e ¥RIEME4 Babler i es)
to restore battery power. One or both of the auxiliary generators may be

i nact i vatved refseance keFigat2/eh(, ijovilibeiappreeigted tiease operatiafab modes aye exemplary
pr edet er g, s Laelt iy ek lodle RIS, RYE. SOLATRRSH e RLORYI i ve
I mniIsned, Oor sone COo I natl 1

denmands have on o €se Circunstances. The
i n-1ine aetamgiecudistanoés. tlheviliraliso be appracsted that die-speddfie esrapodientudonfiguratichs

clutches allows for erat|j of the drive train i.n | ow propul sive denmand
i tuat | oF it Oéﬁgwﬁ MK HraIoRRgPNEr © ?%mgldaramp&@}o PREFAHEA i on
of the NHapEtheERBfigh@tiontsird SosdiblORMAR i@ Bod ovi di ng energy for .
di stribution and use el sewhere in the systemindependent of the propul sion
driveline. An exemplary minimal emissions mode operating scheme suitable for vessel
operation during periods of inactivity and slow and/or no-load transiting, where the
maximum continuous load doesn’t exceed from about 5% to 10% of the maximum
propulsive load potential for an extended period is shown in Fig. 2A. This mode is generally
used during periods of vessel inactivity while the vessel is secured and not drawing shore
power, when the vessel is moving at very slow speed and not pulling a load, and when a
continuous load doesn’t exceed about 10% of the maximum capacity for an extended period.

Operation in a minimal emissions mode typically utilizes battery storage capacity alone to

supply the main DC bus and propulsive requirements, with utilization of a motor-generator
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Fig. 2B illustrates a simlar mninml emssions, |ow propul sive power nobde
of operation in a systemillustrated schematically as having a single

el ectrical distribution bus 120. The solid arrows indicate the direction of
energy flow during this operating node. In this mniml emssions, |ow
propul si ve power operating node, energy is shuttled frombattery bank 124

to bus 120 wh ener is required to intain a desired bus .capacity, and
ener gy i 40 BEeTEh i BEATISEE SotRET dny BT RS AL NGy e el et
of that rsgifumd iidstiedmimg aiA) eﬁe%?%to‘i&ﬂin%%o&@l@@t@driey 214 ) PNSFld A0 DT b0
indicated by the solid arrows. Propel|ers 118 and 118' are driven

excl usi vehipugly appsoRyiale) eprieEeis 2o, 264, The main s us 4G providesdrowes tordreoAChode
and coupl tent J : engr af of,.:ch U 1 '
eapect PeEks' S 36, Bhbih SHALbiAY SAGRRET BP0 b Yty b T femat 1 &
dri ve notAppropoeies fesdesibpgakerés) aby iltadock2@¢chasisn(e)incat edproyidedhen sid A€ ardr ows.

Mai n pro ive engines 110, an Q', ar ot activ din this operating
node and a %us{eﬁ’u? Wnilﬂ(%lée ?’ig’g #%etlvgeéﬁ%?@e'?a%ﬁ?r}?r%ﬁf %@ﬁ‘éé?‘ffeﬁffmﬂfagﬁré’s 115,
115" di sengagatoneAuxddténed pGeide) i@h&eSsador Réiredar € optional Iy activated, and
may be operated intermttently, as indicated by the dashed lines, to supply
energy (indi cit B Bpe chipmae missiopaarde 6f perationg thegpaif dle busdimay also
propul si é?ov’icf‘quﬁérqueﬁg aeed%a, W%&ﬁﬁ%&ﬁeramr unitst 14 187 |Sh i l@lafiveld hEw
propul si on systentof the present 1nvention as it would operate 1 n” an

exenpl ar prapebserealemandse| it thiselopfigwratiqr, opudrsgenerapowhrtchde honh’ eraiérngapgl toode i n

whi ch the_.propul.sio d enerqy nagenment s m provi.des propul si.yve
capaci tyﬁpg? pl(% f "1%3%3? 'sﬁSﬁP?qrogﬁg}l’P 3ﬁ8glf’8§/\y(§g§ﬁe}5 Oggrsailgg’ i f?helr H%égner al ,
thi s operain aginodeatchss BRASORY eridagedMaetontritiitd Peop ilsive Gafput foItidSdrive apatk Si ve
load is at | east abqut 5% butf does not exceed about 35% of the maxi mum | oad
capaci t y M0 t181ngt dful ) cﬁﬁ@sk}%"t’%’_ﬁ% Maintained Fﬁ)éereﬁflyﬁbgﬁ%t‘io@ﬁ‘fﬂoénklf‘rﬂéylgf rom
battery $pnLaQe oY RlieoBershds %ﬂ'sw!tc‘hi%t%%f&kf‘e%m?ﬁ@h&aﬁ}bﬁulgi% BERMIdARoROYEr tO
DC bus 20, and at” I east one, and pretferably two,” auxiliary generators 34,
34' are apardtiont dd ganeralopeither efithequpiliowi gtoerptoned4, 3¢’ AGilbbls ég pRFjde3dergand,

t hr ough I OPKI nyerit er 32" . 10 . . Q.distributes
ener gy tgooﬁﬁegr&m g?s_ gg’néé(fd%(ﬂp gﬁﬁei%tlg %E}ml%]f'l %ﬁ%ﬁ%ﬁ%ﬁe@ ?‘!fi:z)r %ﬁ%hpﬁ Ehsehaft
and propelddikarg gkferathB’ 34, Baomgh, levgagede dh disthédy kbodel bid mihée apsiladic on of

auxi | iar enerators 34, 34' in a ropul sj ve demand cruj_si eis
omer a1 JrodEEd Rt or biih b et Rl A 307 by EloSRaamdstet o Sng PHBShot el
and ot heppdrafd HemRAdSHusash, BY HR§ alse AR eMrgid DCIRBOY, HiHuYE SonveRBRONENT

capacities, and the configuration of the overall system Energy is
gener al | §2.d2avmPiovstnpseru ey posyesraggecded dioduaipi-geespiqjenids M.dds first and, if

addi tional pr i I i r.J ddi t . !

required to Sgﬁ;ﬂég’y%ﬁ@g?ﬁg&g%ﬁﬁfﬁ%&% ggﬁgﬁggér@b%geé%%%hesﬁg{lﬁ%gélgrll fes is
br ought mmlinak emissions hndgesierdl gneidy hiag bd eofficianal to asuwisHr ther epugwsiand | oad
demands exceed the capacity .of .the auxiliar enerator(s) far |lo r.than a
o 6 det ePpISe gareb At ENiCaIT ot L € BRI EUSE Ctent Haggro R E iho

mai N engidegified ah@.incbBporhted s el donirbElogR@T the dnefiyi atmBathentandeacWineye t he
necessary power generation. The operating configuration illustrated in Fig.
3A incl u@égmaﬁe?agtersbﬁh%se dirgsholda psyregeliedr 80005 bsr% el thezapxiligsy \genaratgss igmi n
engine 1 I i TRV L | Il er
T8 by e g R o e B B A AP L s
gener al | &Craguéxcessaotergpaisi fod fioin ghesh idius(esniontherl hes tosaisiiepypulsiveer at i on
or opul o1 Qeswst deferar aih aeing daee iR B B oY B st PR erhed 1o
the mai nerRNBYigYivaliabler drbht iDEN bl 8xc28s ertcigy0lsGappTRH Grong BREDEHAS tolthe kX EPSS
energy provided to bus 20 may be used for auxili ar% gower demands, to

repl eni sHOPERSYSHE! RALEHE) yESOY batrraRe erasOredchath &f tsetusiiary gensrasus de
propul si ng QQWE&i\;a%dtx{?!?enQHQQa?{e})e?&\%rgyPe,st%li]&lft% aesired or Slch¥red 1Q/PRY! ST on
and ener gy managenent system configuration of the present 1nvention

pr ef er abthy haltdl odesnaads ihage eimmishedngi pepubivef dawindy dlaye diimimshedoopsopel si on

out put shafts.. In.the exenplary engbodi ment illustr din Fig. 3B, nain
engi ne 110 uRLPa IR HEGRaicks I PR rine rrrigeliel O B ghite Sodne Mt o
directly drive the azinmuth drive 112 and propeller 118 on its output shaft.
In this enbodi nent, main engine 110 allso’drives notor-generator 114 in a
generator node to supply energy to the DC bus 120 (indicated by the arrow)
which, in turn, supplies energy (indicated by the arrow) to notor/generator
114", which operates in a drive node to drive the azinmuth drive 112' and
propell er 118 on the other drive shaft. In this configuration, auxiliary
generators 134, 134' are also operated to provide energy (indicated by the
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Thus, in the relatively | ow propul sive power demand configurati on shown in
Fig. 3B, one main engine and two auxiliary generators are available to
supply both propul sive and hotel and auxiliary power demands. This
configuration reduces the anount of tinme that both main engines are
required for propul sion and enables the nmain engine(s), which operate nore
efficiently at high | oad ran to run at tgi her efficiency than |t/they
ot her wi seSH@iog U uights A 9W6F9rt9@§raﬂ%°€ 3%?)#?1@(3“ QY piouIsiye demgnd
storage syghfis Wﬂxou%?&ﬁtlﬁgs aORMAT &glng, bid QISG%FoWs%r % aﬁﬁ*’on IhenChRido! | er
may be progranmed to alternate the main engine desig as the primry
r espondergengratonugitinad escndrrtotigprovtdingh endrgy éorc91éﬂrl§u@¢n tcllhda ueen glserehese dn tthee
vessel . Jlenporary ri de-through of transient
demands @stx\%tnbde %I;\}fé %%R%&{oh@%b% g?‘yn Storage system A m d-range
propul sion delﬂig‘ldﬂi)pﬂusmta'teﬂga mmrlmlmhﬂmmsmbewcﬂobMSnva gowgr e dhi s
oper at i ng)gm)de g]enera |y provides suffici ent ul sive Lo aci y for

cont i nuoP®CRHAR Y} # SEYn é”‘??fr@‘i‘?d ﬁ%ﬁ%‘?ﬁ‘f’ﬁb’ asolFaV % pglg chqca@&gﬁ@ﬁp% Wher e
the maxi o) AheRb® kivewd RAkaanB AR HR8 D cher¥ FBRAAGULIs 3PSt #846.0f, t he
total | oad capaci ty for extended periods. In this operating node, at |east
one, and tjereinamalyerpiggiontailow angpyiaive owen gperatieal modenenaigi s shutided from
intermt I t y the
pr opul s @g@&ké@{ gﬁ%ﬁ Xllb I“gireg Qp&g{g 1scﬂe§&?éﬁ t@'?éi% Bh%&x@eﬁﬁé’&ﬁm ctagactgr b

suppl i ed ehergy ﬁ\sesupphed fbrdtusile@io batsery bimkt ]Mmmnmsenbrgysatex&‘sy ohthheﬂeqamﬂ
auxiliary | oad .de and to provi. batter har S _appr te.

o “bot h 5t MBRGR Gt b ganaTuns Ava ol Shadickied b3y A SpB: dUBpIGE e ror
auxi | i ary1paner11gensys adivednedclusiviys bietRor-generators A$4 Shmf\/rbpbféttlﬁg Gn a4efmve
propul sion is generally @ ovi ded by mai n engines 10, 10' operating a

gener al | JPHTgRoBEtaRdt Soup Hsﬁosffk?ntjrlw ghathibyhengeged: ieeresion sbitcies dno. Bd)@ h main
engi nes ar I rs 18,
T8 " i B oo A e Pl B g Ol 1 14 i ol BRhOGE®

when opeusaslwdh@d bh bgﬁwl&ltaputdlqatedtw the rmhkéarrg\smewmﬁﬂ yropulenl’accegmest pit aridn

excess of hat pr.o sive demand vi de. ener.qy to
arive: ot &7 86 AeF StREY ih s RoaRting mide aR AR S o i Fon P iy il

provi ded nfai blb@ne?ﬁlu‘idhl’es diist ridutiseppagedd Nelia g?eaéﬂaﬁjcrmenghOérebph@ﬁdily
demands, aUXI | i ar d dermands such as wi nch demands, and to charge the
bat t er i e&tVA[H; F"i‘ gﬁn‘éffeéﬁt?ﬂ integpittepily, ay indicated by 1he dasheddinesvigr ¥@PN t hi s

mode becaysgy zlh@icm By %{wlslaaéar%@swt@%upmmr hoad h§<§/¥ﬂ Hp@bive PdquirBBents,
propul sive and auxiliary needs. he propul sive power and ener gy

provi dedapyeceysaiyat i on of both main engl nes sinmultaneously in a m d range

pr opu! sion m)ﬁlgnkﬁ 1l]95t1%§e(§ e rgéulgllggtsygtgrﬁl %'f 'ﬁ*ech %éénp vanLHo%'a\s/ S wotﬂa op%rate

auxiliary and ergy storag engi ne
i nact i vatregh erthpidre gsyahlgmf:ﬂmlyzebelowgﬁmatlﬁde pmba‘t@niahalchysl% nﬁ)he\tmwhh:hFl g.

3B for i term' t.ent periods. Ener may be su lied from batte storage to
the mai n"MSRECRIHOY AT PPt @anaggn}egéwsgeéﬁpr@u}dp gmﬁlélrslvﬁcfép%ftyr%rdf%@au%l n

engi ne opBHatansin andowlgsiedr iabsd VWrEV[rpgb%Iebé:l tﬁf@%ptarlaﬁﬁ% Riokié ¥SYap?;othl% wheat em
pernmts a single main engine to be used drive propul sion drive

lines, aid nipatmenyosiimiongpropalsive dendiigat l@@h‘plzsmﬁ% bt d@esmw evugbd gfout Basi ent
dormnds, oL AR BRI LD h I pargl gl |
whi ch t wiomeharteyngemegss syatemsr 240 34 3, gehepll puvaigblehe pedvfide p@mayto 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 appropriate converters 32, 32°, to DC bus

20. DC bus 20 distributes energy to the motor-generator units 14, 14°, which drive the output

shaft and propellers 18, 18’ through engaged clutches 16, 16’. The operation of auxiliary

generators 34, 34’ in a low propulsive demand cruising mode is generally determined by the

demands of the propulsion system and the hotel and other load demands, and by the
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of the engine that is operating by increasing its load to the optinmal
range. \Wen battery reserves are | ow and propul sive, hotel or auxiliary
dermands i ncrease, both engines may again be operated to provide satisfy
ongoi ng demand and to replenish battery storage. The controller may be
programmed to alternate the nmain engi ne designated as the prinmary responder
in this node throyghout the life cycle of. the engine and the yessel,

Al t hough SRERGAF SIS SHEYesa CaBPRRenh Corfelien ¢ TF| WRiEHRIS el dieopvarg)!
nanage engitm. Fnees it Qerdpdliydré®n ot MR EL oz S AKIBIRE SerRRthriBHRBRNANCE
schedule. . A simlar md-range propul sion demand operating node is

i |1 ust r atadditioptiaenuldys pewerns Eqgired Br ifrpdditiopalteamgy|is tegpired @cdatislhdatel pral | y
as havin 1S j | StEi hut .120. The solid arrows
indicateg? éé}irecP§%§H%§f@§é¥g§§%$%§ﬁﬂﬁgﬂ%guﬁw%§ operating node. Miin
engi nes 110, 14 @énepalpifittbee]qmtriqall hisd/areprppulsive toad dbrmarisiexeced e dapadi®i afuhd

dri 112...112' | I 118, 118' th h [ l e clutch devices.
Vel 1 ongi LAY e5n ) SRTaneSt B debre e e PEh Moot RS IR TGRS 114,
114" i n at gasaematoBihdmeia,enphelsp Yy, ToNey stidBrthy cfREY 8quirm&HS addibhiE the

satisfying hotel and auxiliary |oads, and for gha_rgi ng battery bank 124, as
appr opr | AFESSANPOYEr BGALION. t Hdeaperating ropnamation dlustratgh in Figq 3 Aniggluges

oper at ed i i , i>ndi hed-: Li o)

o ovi do. S 8Ll koM iEdR:0p8 4 T GBS it chiing 30 6fich 1ET0et

hot eIkI or psapualdivegrower :txat]sl,driyelinecnndhlz}:mmleg R&bﬁgsang.yofsh?rr@ch}wlmtcbdﬁs)Lom)][ eI I
qui ckly or re ¢o etely. i schematj.cal l.y i.llustrates.a fu
povier opErIRG ABHEICTUTE HPdLPBNY ARa0Enan Bt FRRL G RsIE YR BRIEr ¢ he
present iARdeBAEIAN opsrathéri ah géeenlRr WPkl eSfi@éncsy Bighro@Rer@h@isio powiist dotH al |y
90% or nore of the rated propul sive | oad capacity of the main engines. This
oper at i nGrIRYHE S ROWGS 8B Proyides guiest energihgrneration shak iy fegirprsk ledhe matn sngraye,
l'ong dur @idhitibRBES 20 thioubR nfRG: (%éﬂ&%fo?qtl. fE?(rcesg%P{:ﬂ a;b%ﬁdécdngug b3y be
and/or for full power ship assist demands. It a § the systemto "neet or
exceed t heedpler hwihiam pewen dernindy, tofreplemisth fHsrendrgyrsopagesiystemsanst endescribed

i ncor por ati ng. hi cit i n,_engi nes R iding auxiliary power
sour ces E%‘a%?ﬁrg%@%?ﬁ%ﬁg%ﬁgéfvﬁrgOﬁ‘ﬁeeo \%ﬁ%q % Sfb%%/v\er. Even in this node,
power can be Geaaywicpropylsicheintdhergy grimgahait Systemtdoafighaddn bf the prdtent t he

propul sion demand_i s not 100% of the main engine | oad capacity. This excess
power cawvﬁ%t‘%lﬁfﬁfef%éy ?‘io‘i’%‘és‘ﬁéeﬂﬁ%méﬁﬂmﬁé‘é ?%Welﬁcffrlé’le WA PTG tHuhower

demands, sid. R td@ledDldrH B ALHALE iSYR! §B) mhih dldfiel bl opREssahion
mode, with all equipment” operational, the systemmay have the ability to
appl y nogenepdlyehigh efticiencyr highsoutpiirmeds v dir¢callyl driventha agismuthydoive d 12yandem
i ncor por gt | kn _engi [ : gﬂF ut pk aci ' be
utili zedBlt g@@lﬁerﬁgﬁg 1%6%@\/5?%% ?‘ggbge]rgmgys glcr?rﬁ’ Ergdﬁ)gr@ge, ﬂo¢ XIS? %m{/%e&%r%f vel i ne
i s capabgenegitorhblddin s gerdngoanidil¢ t@naiply enage fo itte DaYybusel2pqariidatedl By0the

Imr;)(;r SZS S?%h\?%d§§}scﬁ?%n %urrrl,agu%%ligsoénse? yom(rii'catlac? %ryetﬁg eagro% tt Lrlrtlotgr zggengrre]t?orrtl 191%” ods

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, 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 operate more
efficiently at high load ranges, to run at higher efficiency than it/they otherwise would.
Excess energy on bus 120 is supplied to the battery storage system 124, which is generally in

a charging state. The controller may be programmed to alternate the main engine designated
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Propulsion in a full power operating node, as illustrated in Fig. 5A is
general ly provided by nmain engines 10, 10' operating at generally high

ef ficiency, high output, providing propul sive power to propellers 18, 18

t hrough the respective engaged clutches. Wen the propul sion and energy
managenent systemis operating in this full power node, the notor-generator
units 14, 14' 6 _provided, on the output shaf ive line, are avajlable to
oper at e s 1 B gesnandet o s wid Pueloshebe Bl flerasyi iR g S nai n
engi nes tAs LGB BMEN ofEBISY ntHdes, ichipbiaph rhié&hl%ﬁgh Qf RnsiRt Aeanddl AW Nk
energy fromthe main energy distribution bus 20 to supply additional

propul si weovddady thebatieey Sotageisyssaf t (s). Wien operated in a propul sive

not or node, the. aoior- 0 i .ou
respective conr}\vrélggt) Fea?lg? 9%%128 ﬁ?otgn(%?lga?a? B%ﬁgbﬁge gi%ﬁ%?&%@%‘? %IQIE 1 i%‘gti on
of bat t erfhisaogbtainganodd gaesallggnevidésosufficewrprofilsivd lcadycapaitgrfai osrginddys 34'
are generall.,y both operated ip this node, providi ng ener to the in

i ot butiBr 1 b s ForepBuh el Bt stinaBes Vit i Ear BL BOPYENEGTbr ¢ or
32, 32'. demand dde8n’s 8xGed bibdut BOWRDH 70%eSTakd 1dthl 19AE REpachy ERHxENY& RPIES. InS
provi ded by both the main engines and the notor-generator units operating
as not or $his @perafinggnedey pblsast onGang aararalbolyyocieain snenEys gprerategutontiBuaistyonmon

shaft. Any: : i t i i i O I :.6X of
that Tequ FLgTbUTUPR Bl gk HEIORAGE G AKEOIERL Y SheBithe SolInmNaREE 0
any auxi kndawkildeyirdsequismestsuEreds terghe sepeiegyto steanaigelesystladist(ibatidner i es

24, 24'). The i i nes, t or neratar units and auxiliar enerators
gener al | yu%QIQ/esggfﬁ}fgoggeﬁ?ds ﬁ&%‘ﬁrypé‘%grgﬁ%a'@&pﬁ’? Q) proyide ilttaittﬁrét & r%f‘%p?fl si ve
power r edphrogidat SinevPtheth bOMmE uxiting @d&ﬂatdr@}ra‘ﬁdQia&ér?)/s,tdr@gwiafeemnﬂﬂe datr i ng
the full paower operati];g node, Two different tull power operating
nodes ar é”’flll?r.&iﬂWS‘i%e _ﬁ’éfﬁa‘ﬁ‘lsdwqey in Figs. 5B and 5C in systens having a
singl e el ect r!Agaslhox%SiBrFi?.UﬁAPProBHﬁio%ZQ’ cABd1r Bbrm&ﬁb& hﬁair?%%i%sarl oY
indicate the direction of energy flow during operation. In the full power
oper at i ngperetde atl genstaflzthagh ontpH, gond®entbwithh highi ¢ffieingéneperdticd, Ba®' mpinovi de
full power .output ., throu appropr.iate ¢l ut.ch chani s i put h,drives
112, hroere R, b P T GBREC BR3P BloRin 3 P ooy re
oper at edefigaggd clvictes Bnes gy 6 and msil Manengyedi5t101, bwhch operhigs afliZigh oBpUhin

not or - ge eratgr unit@ 114, 114' are operated in a notor drive node inline
wi th t helaMiersnHaly BrfUes QWPunargsos oo iha felitse fPoPeBHElF BEMadsrBHul si ve
power t 0afkfBrodvRRRAG) Y& AWl IBH{or/?Qﬁtfratt@rs 14014 i QREAGHOALLA IR cPEndiged When
the propul sive demand is |ower than the total [oad capacity of the main
engi nes BIPHIded Lo buy2h Eratissributicarppdgenér sdtisfying betel leed deesss, andiagy load

avai | abl i 0. t e r g bat.tery
ank. 124y SFetR ot Sl By BECHERE! B pRIRHEIRRIBH Rl o 0 T oo
anot her #fmaldengralienotopervated ngthimodedd bxhusertyie bainuaeihes penddabiltyutt saastgingnt | y,
when t he lﬁéﬁtﬁu' Si Vﬁ. der‘r&nd ..s_higher than the total |oad capacity of the
mai n engf SREPIRE®HS SP’SIL)@‘Pié‘F ors. In this enbodi nent, both main

engi nes 110, ke pPopR¥side pdwir afO¥Rgy pidvitded BNbptalorRBPLOMI BinCerdlintisCh
mechani sms, to azinuth drives 112, 112" and propellers 118, 118 . Both

auxi | i ar jimgenepatiy it 2 184 ranggpropildop pedaict eeepravhatacaneddy rrepura

ener gy di SLir i Qi - rator I 4. '

oper at e dhclﬁlf;ll’ %Bgr]lrl%dtrg rgndg%?e\l}%z %%rg g@?ﬂ?%@gﬂfﬁe ?) ﬁ ﬂfehrg&ﬁg%ﬁﬂ%%%?% Ee’es mgél%v %EF rd Zarvr\llﬁ ener gy
from busthé 29sttim mentbei tneraed soptansale apehewn tiv Hipe3B efop éatimigero yiepiotls.

shafts. Batter ner .is.addjtjonall rovided to the.b 120 to prqvide
et s B iy et iesR 606 ek Rarle ™ B Pamob S A R BuRE Por e Phfe! ant
peri ods, d@ngtpRris@t ofSEJudipidin akginddépehion! AsQRd&ibedprsvismae tRfflaprangtdron may

only be sustained until the battery bank is drawn ?(r)wn or exhausted. In
gener al , the gyséerg pemitsapsiegle ynayperging tegoerksed tq driveskath grapylsian &ivgiltnesfofy, or

to sati Sl;aYtelt)f s%]rﬁéee&tn ;J?!)\%e Rotary ﬁgy-it}{rgﬁgmfstransient 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 engines are running, improving the efficiency
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The Energy Managenent System (EMS), as descri bed above, controls nmany
aspects of operation of the propul sion system the energy distribution
system and the energy storage system to operate the various propul sion
sources, and distribute energy throughout the systemin an efficient nmanner
whil e satisfying variable energy requirenents fromnultiple sources. The
EMS may include nmultiple functions, or be part of a |arger operational

syst em i wéIthgiprgine that ieprerating yningisasing s 1past or tha optimahrasge. nayhesl basigrt he
oper at or f | ur.al ) r.atj ng.podes,
censor s pranrariacy e BRIRAR, oo, SRR e bR R E ) T
capaci ti és, operateend popedeatatisfy paganetdemandradd conapkenishshattenyestgsage.eVEhes,
etc., generator and, system protectjon systens, system.nmainienance.

Qi1 ]t edonEgRE aRapa IR SRR or 1 O I FRRSe SHNEA e 1 (RePITRY £V
typi cal | Yespsde® 16l Shik Onddathrél@MBindge tike QyelRAH the gtk indhp rveRd], i@Bugy st em
by operating and changi ng operation states and outputs of the main

engi ne( snanggt eAntigh sy alen bedireyided ta plow rthe OPFTAIOT 4f dn¥aRe enging tuspgesto

auxi | | ar YoBERRR AP pelBinl by it 1 ARG RYSURALR) . as described previously.
In sone eprbo I ments, tﬁe operational systemmy allow the operator to

sel ect cert ai A spdaanidagngeaprapisien demaulodpessing miodelis illestragt sshemasicallpinque,

i d/ d i on, . i .and/ d i.on, h
S RS Ok SR R A Bl

i mpl ementi2@p Phe olidtagrode Einditatd GhdTail@Sion of energhNfl®OPAIuEL@ thib Pbeafide todet h t he
propul si on .and EMS fQYSt en(s).may conprise an electronic nonitor allow ng
the oper M@ cpgnes bl ldAaPiictsPPUIgR PAVFOIP RRdITRErHRIG azinuthygives 112,
propul si em-and RERIIeY 1T8NAGeRBLIS Y HEI c1fRPi&dR9 VIR ReiNRY1 10€ 1 APEN&! O
chosen or automatically 1npl erren% ed. Miltiple distinct operating nodes may
be provi dexyideagngrgyr ogorsnate thot@rgeneiiators ¢ bht gl inde\geoerstor suasle, abergbe chayoni ¢
accel erat or ' j may, rQvij f oper.at or
pt - andRe0EHRE 1o bR S Setetan ARl g ARSI L e BRRG

oper at or barkyl Mayeappropoiate. Mne @ boenbf the amtigryleshaditorsi I34a84° MpytbedPetatd such
as an electronic |ever or joystick, or an gperator nmay have an option to
control PREHEIIBAISHEAGYS iR %@@n@’ﬁpeg?@eﬁﬁﬁ?%f‘bﬁ’@é@ aﬁ&aeﬁw&ﬁﬂagﬁm B4Spl e
presel ectgg b RAWES hidheP UbA¥AD Gt MR &l OuxfiBryS RAGE foF ResiarRdihe Nty A
sinpl e operating platformfor nontechnical personnel with system operating
par amet epteragn gy s hporquekhnerrigeredpmpletgled on a monitor or a touch screen
may be providgd, r . Y. i i rface for
nore detail edﬁl%'als%?s glﬁegﬁ%{ewg)ﬁalu;gﬁ%gsrsﬁ%l?%@&%@ﬁﬁgﬁé%e&n&ﬁ Bgorqgmn(%lygn?orrbi ne
al I machéemeegymamagement systemnifohaprsseng iny el aatih ovirich #Be grapolséon, sysipii apesdtdsy

oo BB 4B 5 5 o A o SRR S e gy 8

wheel hougger&ms@b® is used, for bpeanguémelﬁeno]ft i@ﬁlﬁicgﬁ&datﬂéi [aRe loak Quatio 16RRN at i on
at any given tine is determ ned by the demands of the propul sion system and
auxi | i ar yill beaepscountered, f95 comsinapusaiadt teansit-|angioy fos fusil parwen shiroepsist demeands. It f
these lo e i h Lhe( )

oper ati g HENTach, 8% Rl den RS hadl 0P paR A bR Y, o
period, $henrBnecgporktmab@Ehentap8yist evnaergmathycpiol imss aadiléEre povbe saysisem

operatin e d _activates ropriate additional engine(s

motor - e fgeR mAane hER Rk ERYES IR 8 it PREL pERE PR gengmigd by e
necessar fhe PEASE geheRrain OB .sh&Plh¢ Ghe®thet gepa3ich eemarrlyis hot pooYyiodawt mhihher
manual ly or in a partially or fully automated fashi on, through the EVS. The
EMS noni 061 1p#Ecapatipyud hisGpessapo ey cae ¢ suprhpditiodhe Peybysend ugedifonhetaliand from
vari ous kLt Rt ) h :

ot opul i SATeY PR s HHfko! QErBYRL el oued SRBek 1T FKRENEpadon

engi nes, madex iWitheal yeqyamesna bpergtionzhttee sygeme may drveuthe tability tdapply mogeperal | y

fl . h h. isfy the |pad d
oot v erioars SR Tt A IR B SRR ARl e Rl BRMTRG: God

by the edqefedutgsik osmgiey.SYBis @My be utilized 8 & AREnsaY tpsBdElisePssted resysie e Of
the present invention, the system operating node nmay be sel ected and

adj usted, on a real tine and substantially continuous basis, to the various
system demands, and is controlled and Iimted by the EMS. Wil e several
operational nodes are described in detail above, it will be recognized that
addi ti onal operational nodes may be provided. In practice, operation of the
vessel and the EMS may be




aut omat ed and .operated according to predeterm ned operating nodes as
dictated by the power requirenents and avail abl e power resources, or

vari ous predeterm ned operating nodes may be sel ectable by an operator to
nmeet the vessel's current or anticipated operational requirenents. Discrete
controls may be provided in a separate panel to allow an operator to sel ect
pre- progrﬁgned oper.ati onal nodes, as descri bed agbove, In gne enbodi nent, an

oper at or 'h#§ §‘¥?léﬂé’tls eapablewé handling theadditiogaldoraye. 1f may bepessiblatodpsreassther

anti ci patv%ﬁepé)ﬁa'iéﬂtﬂo%ﬁew&eqhﬁréé%g@ﬂﬁtﬁut PR defodNANGEpBoMeqd the available
sustai ned power in the selected node may initiate dan autonmated advance to

the next oper &rdpofsiin Ineg dull @pwnndeeram myleaastnlﬂastmte;i 8i GigalSAgris gérmaratiyt hat
reaul 1 oS R bl VELSIRRES 30, 1D, FRSLARL FIRRGLIE My Linddie, RSB, aper at es

for nore an a gete nlne
power t h@[“ovﬁ(ﬁﬁ‘g @mg&&rpowe@ad pﬁfpenws 8t 18’t ﬁﬂo@l\ﬁhmpéﬂtﬁvledgagaﬂ duichiegat i on
or signal he opﬁrator i ndicating that operation jn a pore efficient

node i s é%qw B IPEOPUISIPAIISTEY RANAREEH SXSIERNE CREra R LIS Wl oy meadepe

provi ded ingefor 38R Rat6} LGRS, ARE R0 Aled BY tltéeoﬁpvﬂesfhﬁﬁ' |dkivO PRE 24k %Oallatbibeto _
operator has thé ability to override the node sel ection. I'n addition

to the alob¢riteyastaitherpganaracors, applyingi exceps epetgsipsedused b the mainengposwe theodes
describ e%a"i"tp%}{%ﬁ Id?stislgﬁm)ge&?o% nglnta% m(%tﬁ% %Pavxllh >éné)r@/til;'o Ete l’;[’la(.)l S?l{):elgg%/t

certain power m’t ed €’ oper sys
sel ecti omscrfbunne ok :mJItd ispppey Setdaineaalof)r_opeladrbnﬁm tolTthe owpak Eiems)stvam@ may

be sel ected b%.the oggrator é?oHatlcall applied by %re ENB govern
how ba_ttQPVa‘ﬁ e prg F‘V‘E)é%&t%rdma i (AT TP HOFBITS HFeORTFY C bts,
"transit throughSeipebiiveddddverkad, tvﬁﬂ]yenteieg@qyg{eybus@wfed r59caﬁ§ cbﬁbﬁéﬁéﬂ)&ﬁ{aﬁer The
transit and assi st nodes nmay be sel ectable by an operator through

sel ect abped/eiorvtligry g@ata&m@@werrhféumh@rmpgermee&ﬂe% ag@ aensrally bath eperated inon on
full powgr tRaL o dlgge eﬂ%ﬁ)efﬂe %ﬂ@%&{bﬁﬁ%ﬁ bcoﬁus%%m%g%lf%'ceﬁs%' go“;ﬂféer
e tte a

condltlons Wher ¢ power aval has gone ow a preédeterm ned
n1n|nun1dmrmﬂeﬂn&henha&&éﬁié%ﬁare di scharged or overheated In this way,

the hybrid sy able (for.exanple) t revent the tting down, of
mai n engi nes gIS gﬁ)o&e&égeirgqngorﬁgc?eét %’@H@SRSPOWF\%‘S@V%VH {ét %‘gﬁﬂbe Gpn
depl et ede@lﬁsa@ﬂ hat hetor-8eneitorC ¥GIES SpSRINPONE oS- with both pRopaBRRY Béwer
sufficient reserve capacity is preferabl mai nt ai ned and avallable to

provi de PaWEaiPEVadiBg etprt to amoapRAnsihgh- p‘é\mﬂe% SupRlica e Hgreapsey Fogkition; t | |
| oad foryahay e&és%tﬁtha%%n{e@@&%gﬁ@lﬁ%el Rﬁ&“ﬂ%@%o@ eﬁ L9 JERGGR il e

addltlonal generating capacity cone l'I ne. A sustai advance beyond a
pr edet er mmdxlmowmmar@v,eis retlsncmtoabe SEIEPDBWBLS Sy @ettgre@@ﬂazﬁﬁadmmam
autonatlcall St

o e Dok bR i S ik B R Brs B v it P
accept abioesupbly| all Bﬁfb@a&ﬂ%@pmlﬁﬂe pBWeb eeqatbiaedts chotd) laabéamar auxiliary energy

requirements during the full power operating mode.

Two 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, 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 propulsive demand is

lower than the total load capacity of the main engines and motor-generators, and generally
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One or nore sel ectable, programmable or programmed em ssion contr ol
features may al so be provided. The U. S. Environnental Protection Agency
provi des torque and shaft speed paraneters defining a "not to exceed" (NTE)
operating limt, for exanple, for marine diesel engines. The hybrid

propul sion system of the present invention may provide operational em ssion

he. moi n "engrioetss Gelctrtilnan FRovmths dadihate SeErae pera

Wi t hi n ERAt&rS GUhl EMBNVECK bpathtb€mnadhbMedmedat ing |imts. Operational

em ssion control may ensure, for exanple, that when one or both main

propul si on nofés e Hbisuatey gnaghesrfull tnewep opgrating iede dhad miyt be Bsed, eenasdlbh nai n
engi nes, v ( i ed, is
oePon BT B S Fnercbepb e RSl RECS 104 AIOLYOR SREET.
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electronic monitor allowing the operator to view, and monitor, operation and control of the
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I n one enbodi ment, a fixed nonitoring and interface station is provided in
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requirements. Temporary ride-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 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
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The present invention has been described with reference to specific device
enbodi nents and figures. These specific enbodi nents should not be construed
as limtations on the scope of the invention, but nerely as illustrations
of exenplary enbodinents. It is further understood that nmany nodifications,
additions and substitutions may be nmade to the described hybrid propul sion
and energy nmanagenent systens w thout departing fromthe scope of the
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provides more power than the necessary load or output, the EMS may provide an indication
or signal to the operator, indicating that operation in a more efficient mode is available. In
general, although automated mode selection may be provided under some circumstances or
may be a default operation, the operator has the ability to override the mode selection.

In addition to the ability to operate the hybrid propulsion system in the power modes
described above, in some embodiments, the ability of the EMS to select certain power modes
may be limited by the operator’s or the system’s selection of one of multiple states of
readiness. The readiness state may be selected by the operator or automatically applied by
the EMS to govern how battery power is allocated during operation. The provision of
“transit,” “assist” and “battery recovery” power modes is exemplary. The transit and assist
modes may be selectable by an operator through selectable control features. The battery
recovery state is a limitation on full power that may be imposed automatically or may be
selectable under conditions when the battery power available has gone below a
predetermined minimum or when the batteries are discharged or overheated. In this way, the
hybrid system is able (for example) to prevent the shutting down of main engines during
ship-assist operations, or the over-stressing of depleted storage batteries by excessive power
use.

In general, sufficient reserve capacity is preferably maintained and available to
provide 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 engine(s). In this
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el ectrical distribution system providing bi-directional energy flow between
the notor-generator unit and the electrical distribution system under the
control of the energy managenent system (EMS). 3. A propul sion system of
claim2, wherein the EMS controls operation of the notor- generator unit as
a notor for propulsion and as a generator for supplying energy to the

el ectrical distribution system : ul sion systemof claim2, wherein
the el ect%@p% amigpsdelaymay %ewglﬁfmh én a&a IPRSWBgre 9uqh| delaya 2xeqioh poqepigble, one

auxiliar on, supplies ener to the
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el ectric ution system . propuIS|on system of claim 2, wherein
the el ectri calO@icgtmorbmleqbabls;pngmnmsble 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 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 the propulsion load
with one or both main engines, the torque developed by the main engine(s), at any given
speed, is below the EPA NTE limit.

Operational emission control features may be implemented through the variable
frequency drives. In one embodiment, the variable frequency drives used to control the AC
main propulsion motors are operated in one of two basic open-loop control schemes:
frequency or torque control. An open-loop frequency control scheme, for example, is used
under electric-only propulsion. In this scheme, the control system determines the frequency
(and, in a linear relationship, the voltage) to apply to the motor to achieve a set point shaft
speed. The motor develops the torque required to turn the shaft at the given set point speed,
and the current drawn varies accordingly. An open-loop torque control scheme is used
during combined diesel and electrical propulsion. Under this scheme, the control system
regulates both the motor speed and torque by manipulating the electromagnetic state of the
motor, controlling torque-producing and field-producing currents separately. The motor
provides only the portion of the required propeller torque in excess of the EPA NTE torque
requirement at any given speed, allowing the main engine to remain exactly at (or under) the
EPA NTE limit at all times.

The hybrid propulsion and energy management systems of the present invention
preferably incorporate sensors and monitoring devices that detect current power levels and
operating parameters at various points within the system and communicate that data to a
centralized control system operated, for example, by a programmed or programmable
controller (PLC). Various types of control systems and interfaces may be provided. Discrete
operator system controls may be provided in a separate control panel, for example, allowing

the operator to select modes and bring propulsion systems on- and off-line at his discretion.
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additionally linked to an energy storage system providing bi-directional
energy flow between the electrical distribution systemand the energy
storage system 27 0O 6. A propul sion systemof claim?2, wherein the

el ectrical distribution systemconprises a DC bus. 7. A propul sion system
of claim®6, wherein the electrical distribution system additionally
conprises an AC bus |inked to the DC bus providing bi-directional flow
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system, so that remote connectivity and monitoring is available as an option.

In general, the vessel control systems preferably utilize a distributed control 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 using 2 x stand
alone PLC based control systems. All critical control devices are preferably provided with
high reliability, monitored redundant power supplies.

In one embodiment, a fixed monitoring and interface station is provided in the engine
room and another at an operator control station, such as in the wheelhouse. A portable
maintenance device, such as a laptop, may be provided and is able to connect to the system at
any location, such as in the Z-drive compartment. As with the propulsion control, the system
will be divided into two (2) standalone systems. Each operator station may interface with a
dedicated server; one located in the wheelhouse and the other located in the engineering
space, providing increased reliability through physical separation.
| The design provides electrical power generation, distribution and propulsion system
such that a single fault on an active element does not cause the vessel to lose more than 50%
of its propulsion capabilities. Furthermore, in a preferred embodiment, the system is
arranged so that the only single point failure for an active element that results in loss of 50%
of the plant is the Z-drive gearbox. This represents a significant improvement over
conventional vessel electrical and drive system designs, where main engine failures generally
result in a 50% loss of propulsion. The distributed power plant design with multiple power
options on each drive line means that most probable failures leave both shafts available to the
operator.

The Energy Management System coordinates the performance of the generators, the
distribution system and the power consumers. In many traditional Power Management
Systems, the focus was on a high level control by a centralized system. Power management

for the hybrid system of the present invention generally pushes control of the process to
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9. A propul sion systemof claim1, wherein the propul sive output nenber is
a propeller or a propulsion Z-drive. 10. A propulsion system of claim 2,
additionally conprising a variable frequency drive linking the energy

di stribution systemand the notor-generator unit and specifying the output
speed and/or torque of the notor-generator unit. 11. A propul sion system
of claim1, conprising two main propul sive engines and two . .
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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 parameters.

The DC control power system is also provided as a redundant system. Two
independent, highly redundant power systems are fitted to supply highly reliable power to
critical system controller loads. Operator interface to this system may only be provided to
carry out maintenance or to reconfigure the system for temporary common mode operation as
a result of a failure in another part of the system. The system preferably monitors all layers
of redundancy and provides detailed status back to the maintenance personnel. System
summary status is available through a VMS/SWBD hardwired interface.

The present invention has been described with reference to specific device
embodiments and figures. These specific embodiments should not be construed as
limitations on the scope of the invention, but merely as illustrations of exemplary
embodiments. It is further understood that many modifications, additions and substitutions

may be made to the described hybrid propulsion and energy management systems without

departing from the scope of the present invention.
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14. A propul sion system of claim 13, wherein the EMS controls operation of
the main propul sive engine to limt the torque output to a selected | evel
at or below a not to exceed |level specified by a regulatory agency. 15. A
propul sion system of claim 13, wherein the EMS operates the notor-generator
unit as a notor providing additional propulsive energy to the common out put
shaft and comon propul sive nenber to satisfy propul sive demands when
operation of the main propul sive engine fails to satisfy propul sive
demands. g propuIS|on system of claim1l, wherein the notor-generator
unit is an BWnﬁcw-generator 17. A propul sion systemof claim1l, wherein
the notor-generator unit is an AC squirrel cage induction notor. 18. A
propul sion systemof claim2, additionally conprising at | east one w nch
coupled to the energy distribution system wherein the EVS control s energy
supply to the winch fromthe energy distribution system 19. A propul sion

system ofy, cl almr%%umgrsgstemt&a)ﬂqpa'fsmge%tleéanawvem@ SuréeaWnpae bPploRRIigNeEr gy
di stribution systemthrough a variable frequency drive system
: propulsion and an energy management system (EM(SJ) that controls operation of each of the at
least two sources, wherein the at least two sources include at least one main propulsive
engine and at least one motor-generator unit arranged in-line to drive a common output shaft
and linked to a common propulsive output member, wherein the common output shaft and
propulsive output member are drivable both independently by the main propulsive engine
and the motor-generator unit and simultaneously by the main propulsive engine and the
motor-generator unit, wherein the main propulsive engine is capable of driving the common
output shaft and driving the motor-generator unit as a generator both independently and

simultaneously, and wherein the energy management system dynamically shifts operation of

each of the at least two sources to satisfy propulsive demands.

2. A propulsion system of claim 1, wherein the motor-generator unit is linked to an
electrical distribution system providing bi-directional energy flow between the motor-
generator unit and the electrical distribution system under the control of the energy

management system (EMS).

3. A propulsion system of claim 2, 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.

4. A propulsion system of claim 2, wherein the electrical distribution system is
additionally linked to at least one auxiliary generator that, during operation, supplies energy

to the electrical distribution system.

5. A propulsion system of claim 2, wherein the electrical distribution system is
additionally linked to an energy storage system providing bi-directional energy flow between

the electrical distribution system and the energy storage system.
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20. (A propul sion system of claim 18, wherein the wnch additionally
supplies regenerative energy to the energy distribution system 21. A
vessel incorporating the propul sion systemof claiml. 22. A vessel of
claim 21, wherein the vessel is a tugboat. 23. A hybrid power systemfor
use on a marine vessel conprising at |east two i ndependently operable drive
sources including at | east one nmain propul sive engine and at | east one

not or-generator unit arranged on a conmon driveline, an energy distribution

bus providi ng \bj - di t| I y . : Fe) :
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energy fladCbos.t he energy distribution bus, and an energy nanagenent

system (EMS) controlling operation of the at |east two drive sources and
controlling energy flow between the at | east t rive squrgces, the energy
distribuﬂion_6U§”%ﬂﬁ“@hé¥gﬁ@rd€ %?6?aée“§§§?%h¥gmﬁég@Fﬂ: FH@”H?“I%@?Wlone
Mai N pr oRYhiBbYAlyeBdhMfeand Aleb@ [ihR&Sto MME DL -HONGIALKLdildBidnal fRW
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one anot Ihetwean®CsanthA€ Ansesusl y; the at |east one main engine is operable to
si mul t aneously provide propulsion to the driveline and energy to the energy

di stribut,j on systenm. and _ t he ynam cal | rat. i dently
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propul si wepdenmans the EMS maintains substantially constant DC voltage on the DC bus during
operation of the propulsion system and supplies energy in excess of that required to maintain

constant DC voltage to the energy storage system.

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

or a propulsion Z-drive.

10. A propulsion system of claim 2, 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.

11. A propulsion system of claim 1, comprising two main propulsive engines and two
motor-generators, each 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.

12. A propulsion system of claim 1, wherein the EMS operates the main propulsive

engine only in high efficiency modes of operation.

13. A propulsion system of claim 1, wherein the EMS controls operation of the main

propulsive engine to limit the torque output of the main propulsive engine to a selected level.
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24. A hybrid power system of claim 23, wherein the at |east
one_notor-generator unit is additionally operable in a notor node using
energy from anot her independently operable drive source. 25. A hybrid
power system of claim 23, additionally conprising at |east one auxiliary
generator providing energy to the energy distribution bus. 26. A hybrid
power system of claim 23, additionally conprising at |east one w nch
coupled to and drawﬁng power fromthe energy distribution bus during

operati onyof WGroB¥RifWysiedlor Ml PLihohaRte EXAS Eals GloAliBh 2R uohahel

the at |east on S cou an amnng power fromthe energy
distri butprcqmlslmesertgh’reaughmatheatbrcmbloatmt &qmeeiegtedj tavvleatsyéxemw a n@8to exchsdori d
power sy te im23, conprising two nain engines, two notor-generators

and two ﬁ?ﬂgﬁﬁfﬁﬁgnmgééﬂm%aln engi ne arranged on a common driveline
with a nDtor generator, wherein each comon driveline is drivable both

i ndependqgt | y A rofn!ﬂ%oﬁ SPRER b VIRinTRS, iRidh R VY JpFBialss e StoR b eerABCunit
S|nultaneously y the res ectlve naln engi ne and notor-generator. 29.

vessel i agempuemprovidingrrddiipbali propdsies ensyit terthe Formmen pup@t shaft and common

propulsive member to satisfy propulsive demands when operation of the main propulsive

engine fails to satisfy propulsive demands.

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

generator.

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

cage induction motor.

18. A propulsion system of claim 2, additionally comprising at least one winch coupled to
the energy distribution system, wherein the EMS controls energy supply to the winch from

the energy distribution system.

19. A propulsion system of claim 18 wherein the at least one winch is coupled to the

energy distribution system through a variable frequency drive system.

20. (A propulsion system of claim 18, wherein the winch additionally supplies

regenerative energy to the energy distribution system.

21. A vessel incorporating the propulsion system of claim 1.
22. A vessel of claim 21, wherein the vessel is a tugboat.
23. A hybrid power system for use on a marine vessel comprising at least two

independently operable drive sources including at least one main propulsive engine and at
least one motor-generator unit arranged on a common driveline, an energy distribution bus
providing bi-directional energy flow to the at least one motor-generator unit, an energy

storage system providing bi-directional energy flow to the energy distribution bus, and an
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30. A vessel of claim?29, wherein the vessel is a tugboat. 30 0O

energy management system (EMS) controlling operation of the at least two drive sources and
controlling energy flow between the at least two drive sources, the energy distribution bus
and the energy storage system, wherein: the at least one main propulsive engine and the at
least one motor-generator unit are capable of providing output to the common drive line both
independently of one another and simultaneously; the at least one main engine is operable to
simultaneously provide propulsion to the driveline and energy to the energy distribution
system; and the EMS dynamically operates the two independently operable drive sources and

dynamically controls energy flow to satisfy propulsive demands.

24. A hybrid power system of claim 23, wherein the at least one_motor-generator unit is
additionally operable in a motor mode using energy from another independently operable

drive source.

25. A hybrid power system of claim 23, additionally comprising at least one auxiliary

generator providing energy to the energy distribution bus.

26. A hybrid power system of claim 23, additionally comprising at least one winch
coupled to and drawing power from the energy distribution bus during operation of the

system.

27. A hybrid power system of claim 26, wherein the at least one winch is coupled to and

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

28. A hybrid power system of claim 23, 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.
29. A vessel incorporating the hybrid power system of claim 23.

30. A vessel of claim 29, wherein the vessel is a tugboat.
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