PONER GENERATI ON APPARATUS BACKGROUND OF THE | NVENTI ON [ 01]

Enbodi nents of the invention may relate to a powered system such as a
mari ne veseebiizmdi2ér of f - hi ghway vehicl e and. inure par PCTOS20105078© an
i nproved power generation apparatus or systemfor use with the powered
system [02] Marine propul sion systens may include one or nore

i nternal conbustion engines for propelling the vessel by turning a shaft

that rotates a propeller pORE: L AGNIRS TAOSOA PR SHPPl Y power to a generator
to supply the vessel's electrical |oads, for exanple, for auxiliary drives,

which in turn convert electrical power to nechanical power, electrica
devi ces for producing heat, cooling, and light, electrical devices for

medi a techngkggmﬁfﬂn@3gkeg4wy@@¢\¢ﬂy*ces for other nautical systens,
[03] Current marine propul sion systens (and off-hi Away vehicle propul sion

systens) enpl oy {BHe &CREMENE ShEE ARELEPRRY BNl tha O ICHRGHTL such as
turni ng- t or Gi&einQlesRl MU LR SRLRLLABRLLE, %{Qgﬁmx&f?{xhaf& ﬁ%ﬁ#&&{ nator. The

al ternator generates constant™ AC current, requency, and supplies it to
an AC bus, Fher bu@rc@u@ewndéémp@mim & ot wih he adserehsysies:. mar i ne vessel

i ncluding propeld,ar gpLQL P&’i{z NG sxs‘ie*l{isﬁﬁ%yyﬁ?&&%e@fln\%ﬁﬁmeﬁﬂ}j ot her mot or

drives. The bus ‘al'so su w o various hotel |oads, i.e.,
ot her el ect¢dntba$ndncra@se%ﬁaovmnﬂh@thla@aas-é)h\ tnkuamz:,arséafbtbetrrame@nazkop@ﬂuest he marine

vessel . Trapsf e‘i’mﬂ&r fsg dﬁ% &g@ﬁ';mgfsﬂo M%@Y.‘ﬁ&oﬂg ﬁ%;?) v f‘% é‘/xgi it ae‘% tru. for

i solation, as teq non- e i nt er posed

bet ween thdoahtEwaammﬁ»ﬁndumhmwﬁ&h@ushmhuxmn1&ﬂ4&laﬂmnmhmmnﬁupropulsion

system may Ltiple parallel-connec al t ernat.or

Y Sepondont Py Bt Ry P B PR PORR e b B AR sl nes)

feeding a conmenfioAGietheahnilonhus! eldniay ey meib:eoanbltxemnaﬁ ®rstepnt put s nmust he

i n- phase, reqU|r g he alternators to be S%Wg t bzed Al so, reactive AC
; f- Q)‘ Ag)lw

current (the out HESE HERE PERUSPR PHEEIRE B85 9% | e useful work.

Such react i wepROWREy sicSis p@ﬁm@smawmr@@ﬂw@sﬂtsp&maimﬁam REsdReNafifl-ant s,
resulting in reduced voIt e |levels, g undesi rahl e heatln of equi prent
and wires, %HHL%H§F§&”EHEF§9W”Nﬁ?ﬁt@fﬁ? bdgFéﬁﬂﬂ|&V18F“@Hﬂg3ﬂ@“§ysten1ls

conpl ex; al don@hdi XM AL RHS om&fueﬁ@mmubm]e@ha&@a Aélbbern@tl% sglphli ity issues
i ncl ude hunting, maximm power-pul | out an% fects of faults,
£

out - of - phasO™F §rgpiar adsgydby *@ar@wa%ﬁg Pl PA&P%BC‘ ey dioRs tERE - speed

engi nes motors drives, and other motor drives. The bus also supplies electricity to various
hotel foads, i.e., other electrical loads (non-motor loads) that are operational on the
marine vessel. Transformers for raising or lowering the AC voliage or for isolation,
as required by the motor and non-motor foads, may be interposed between the
altemator and the AC bus.

{04]  The marine propulsion svstem may include multipte paraliel-connected
alternators {driven independently by diesel-powered or other imtermnal combustion
engines) feeding a connmon AC electric bus. However, the alternator outputs must be
in-phase, requinng the alternators to be svnchronized. Also, reactive AC current {the
out-of-phase portion of the AC wave) does hitle useful work. Such reactive power is
pervasive in conventional marine power planis, resalting in reduced voltage levels,
the undesirable heating of equiprent and wires, and wasted energy. Mamntaining
stability of thas AC svstem is complex; all alternators must remain in phase.
Alternator stabifitv issues inciude hunting, maximnan power-puliout angle, effects of

faults, out-of-phase transters, and load transienis. Also, the constant-speed engines



may exhibit relatively poorer fuel efficiency due to the required constant
speed operation. [O5]FIG 1 illustrates a prior art configuration show ng
first andweeeondi£agi nes 12 and 14. each supplyi ng rot aPConskoensr’gy to a
respective alternator 18 and 20. Two transforners 24 and 26 are fed

electricity by the respective alternators 18 and 20 at a first voltage and
supply electricity at a second voltage to an AC bus 30. Various notor | oad

drives 32, 34 anthiB6.800 FoAQMdIOilent0@ 1383t Ri60BARGHED 40 the AC bus 30
as |IIustrated The configuration shows the alternator |8/transforner 24

and the al t@epéPdr 20/transformer 26 in parallel, each the output signals
fromthe transtorder ;id 3 gsntut}?a%&% &&mam?ci@ sﬂwﬁw%&rﬂ%% @y the same

vol tage and at € sane, re uen ‘Al'ternat e transforners 24 and
26 coul d besngowbi had h*%n@a@h@mﬁh n&e!@ws@i @:ﬂmx\hﬁos‘»lm@e@nﬁ@hetsaywc%r@m zation of

the alternajprg, o ﬁhhagf»m&w Qfg-ge!&{‘mﬁ grhe?é %’ &Qaﬁé‘&u pggnes 12 and

14 to operate a sane sp ee emlnclu es a DC bus and
an active fadi aemdrsavadppt mmlISIua;d\ eledticiy @ rpetood @dwettwﬂu@bmil o DC for
suppl ying el.ectr i n FIG 2

w O act Dver o pole R M5 s bRl T Sk RSB ERE bus a6,
The bus 46 ér.ﬂp»pi bes; iDEtelegcthd mﬂhgmhm\:DﬁoWDﬂmI’th.mJﬂmt araaiiorsng Messel

i ncl uding pr tors 54. The

tors 52, and ofher nr

boe 46 19 PAARE el o0 st Pt TR AR R e IR O ot o

| oads 56. t:anslonfl&T‘}l *ﬁll-ﬂlﬁleaﬁltliﬂm&}ef‘ L“:@ﬁmblaﬁhdﬁt&h@fm@ﬁhé%lﬁl@mﬂEﬁﬁxd GBTs used as
arectifier ch as in an than a diodes used in a

di ode bri dg&! "‘# FaUIEY- m“"?"&%ﬁ*" ‘F‘%P‘@}Sg”%‘t“@saﬁ ‘ﬁ“h %r‘gllf ‘ﬁa‘g’é‘e PO HY

transi st or. pdagComn @xil fy kﬁﬁﬁ;inzﬂﬁﬁrﬁ(ﬁ@ﬁcﬁﬂmhﬁﬁn<9@@Elinu%hE&Ql;t&'ﬁE' s 40 and 42
are relatively high. The | GBTs rectify the AC supply to produce the current

for the DC ‘b&@“&@o‘h%’eﬁ“k‘e‘}@lﬂ #1d) Idde opdate bt yasw *i?‘r‘é a three phase reactor

and the | GBTs arg;|Conkk@kl @S‘leﬂﬁﬁzmﬁ\QW{S&S%@J&J{‘M’WQHH@H}@& wanafar m such
that a. sinusoidal current drawn fromthe sup %%Dﬁé @ drive is
$V 11

regener at i nget t%@ﬂ%“l?}ljéhﬂvbfl ﬁcaaé fpreup@yink ﬁfleé‘d“b\ymt‘ front end, and
the power flows it Q.Qth nﬁfﬂ@dsm\{}m&be ﬂ[u% eﬁm%ﬁﬂﬂgo%ﬁ&ﬁ{dpﬁﬁlnopo""ef I'n

bot h cases, "the spee t he "engi nes 14 ‘cannot be varfiéd to attain
better fuelwérfwfmi@ﬂé}fcw 46 The mlsemﬂupplwwf‘b:éwdfes@ taBlentigrs kade a propul sion

system t hat 1‘;1%% \%LSJ ﬁ{cﬁ{ahL p@d’eﬁ@txﬁ& x%t\hq& ULIHE%] :ISQ Sf l%the} ggl@?&%p@[ ently
avai |l abl e systens 3J ?fICI ency Whi e al so m nimzi ng part
count and oVertakHe (S@Mpﬂmiedttg/gmd <upphes electricity to other loads and hotel loads 36.
J07]  The active front ends 40 and 42 comprise 1GBTs used as a rectifier
(such as in an 1GBT bridge), rather than a drodes used in a diode bridge. The term
“IGBT" refers to an insulated gate bipolar transistor. The complexity and, therefore,
the cost, of the AFE s 40 and 42 are relatively hugh. The IGBTs rectify the AC
supply o produce the current for the DC bus 46, The IGBT bridge is supplied via a
three phase reactor and the YGBTs are controlied with a pulse width modulation
wavetorm such that a sinusmdal current is drawn from the supplv. When a drive is
regenerating, the DC bus voliage i3 regulated by the active front end, and the power
flows to other foads which are consuming electrical power. In both cases, the speed
ol the engines 12 and 14 cannot be varied to attain better fuel efficiency.
{08]  Timay be desirable to have a propulsion system that has different
characteristics than those of the currently avatlable systems to improve fuel efficiency

while also mininuzing part count and overall complexity.

| 2]



BRI EF DESCRI PTI ON OF THE | NVENTI ON 109] An enbodi nent of the invention
provi des an apparatus that includes an alternator that is drivable by an
engi ne fowopnoduti2ag a first AC electric current and a PETUSRIOHO51786

el ectrical comunication with the alternator for producing a DC el ectric
current. The apparatus al so conprises an inverter in electrical

comuni cation with the rectifier for producing a second AC electric

current. ThegragoonedSTaheethigr aWreniohas an acceptabl e frequency and/ or
vol tage. The apparatus al so conprises the inverter in electrical

comuni cati on Wit ondn gpbadpent ef e o garrddes ar pnasitpdhat rofudes second AC
el ectric cufy @Rl R0d: @AM tqun% fne%‘% ﬂﬁl\lxhﬁﬁqh%kc'éw@@&x Q electrically

couple to the alternator, rectifi e I hver 010] Anot her
embodi ment oK atthesifieninateciral q@nuﬁmnﬁeemmmz &in dappaeEbugoddat 4 AE| udes a

plurality of.all&INAL 93, ?ﬁhﬁsgitﬂ%g&g s LRIRGGH L bltbtnddt ;ﬁRLﬁ‘ﬁc‘ﬁ\%ﬁ‘Ed engi ne

for prodUC|ng a respectlv ectric signal,
rectifiers wdcheirerhbbdot prodaingcowmndi datlieanc wirtdnt. aT‘YtengdW(Vséim of the
alternators_far ares ecti,ve DC bus

connected t 8 &N llQ“’f"‘fﬁ)‘(‘t"“ep EL R B a§ta§]8ﬁ3 Yore hjgl"”“)raé)g‘rti i“’ g‘?’%cmﬁ"ﬁiéeaig%ar at us
further conprisses mmdzu/m\txanuaanmehemma@aahmce}mrum(mastmmnm&hxhahe DC bus
for producin nd AC el ectric si first. electri ad in

el ectri cal ?ﬁ“g‘ﬁﬁu’iﬁet'é‘t‘ BRI ﬁ’“ﬁ ﬁb‘*’\%qf(%f* SHE \h{%‘s‘pglﬂéf“\/‘e “?b‘ he second AC
el ectric si@ngleio tndi@nuenekgiersindragaesytst em coupl ed to the DC bus for

controll ably recgejyvin | ectrical power fromthe DC bus and ovidin
el ectri cal );;owerﬁ?ni f*%‘@*‘%ﬁﬂcmt‘ﬁ?é”“ﬂ“ b tﬂgﬁ‘(‘ﬂﬁﬁ’]‘mﬂ%i%&m é‘%@ﬁf%ﬁ{;mof thg

inventions PrQYd:AgBurhial ofRlARRAY &k 8ri RAVWy NG e@BctBl b e AW Peedlinbien by a
vari abl e speed engine for producing a first AC electric signal, a rectifier

in el ectri ciRF PIOBYRTEN ©HEFOY Gt H- eiRerapeet et orlt of rshbateicRd a DC el ectric

signal, andya.ukG BisnGRARSeS Lad At Qpai OB Pt OfitekiRrd @E bl o« The apparat us
furt her conprises an inverter in electrical comunication with the DC bus

for produci Iﬁ@eﬁ“\éfé%(oﬁ‘dﬁﬂ\@‘ﬁéﬂwlﬁ ﬁé?’(sbt@n:a!mecedm Fsquiist abatdgagt aneQll i n
el ectri cal g%mm&ahke%p%&b MR& doReEden lﬂ@ﬁeﬁ%@agéwe to the second AC

el ectric sign an energy storage system coupled to the DC bus for
control | abl SP‘YFf@Q?eﬂiﬂVF!hglﬁeﬂ‘eﬂ(r b prodwsingiasorant . B ibugseshd fprlovi di ng

el ectrical RENRIioh Oty Bty TS RRRRLRLHEN R Bbo RRTRS hoES 2 gener ator

system cou t 0 an out put a constan spee engi produci ng a
third AC el et &C sliegnabigndnddat em@z&sﬁoremﬂswwtcemlei weha DC A forconnected to

L1 o Lo B0l B YL LR SEUFEN NPl o 0 e
| oad. BRI BvRESGRE PTHON OF THE DRAW NGS
{011]  Another embodinent of the inventions provides for an apparatus

having an alternator driven by a variable speed engine for producing a first AC
glectric signal, a rectifier w electrical communication with the altemator for
producing a PO electric signal, and a DC bus connected to an output of the rectifier.
The apparatus further comprises an inverter in electrical communication with the DC
bus for producing a second AC electric signal, a fivst glectric foad in electrical
conumunication with the mverter and responsive to the second AC electric signal, and
an energy storage svstem coupled to the DC bus for controllably receiving electrical
power from the DC bus and providing electrical power 1o the DC bus. The apparatus
further comprises a generator svstem coupled 1o an output of a constant speed engine
for producing a third AC electric signal, and at least one switch electrically connected
1o the inverter and to the generator svstem lor selectively providing the second and

third AC electric signals, respectively, to a second electric foad.



[0121 A nore particul ar description of the invention briefly described
above will be rendered by reference to specific enbodi nents thereof that
are il uswoavad4i42st he appended draw ngs. Under st andi ngPCmatS2e41esSE3€r awi ngs
depict only typical enbodinments of the invention and are not therefore to
he considered to he limting of its scope, exenplary enbodi nents of the

invention will be described and explained with additional specificity and
detail through the use of the acconpanying draw ngs in which: [ 13]
FIG 1 is a schematic representation that illustrates a prior art

propul si on BRIBFOBYIRIPHHROFHTE BRAAYIREE ne vessel ; [14] FIG 2 is

anot her schemat iyg(-riepr TMRTAYeF i oh bS8 Folg! - LRLopul sion
drive configur ati'?lo“r]l 1B olﬁ&g%r@ﬁﬂ%gd e%/'ggjglgi] ;MMﬂlﬁék%%fgiﬁF?%&ﬂ%ﬁ g%iect s a
schemat i ¢ i Wilistremieiod by offermncs tppegViedmprdpubis ifereod thiavare doafdtglinat i on wit h
power generat i or AL US iy ¢ LG, enbadi.ent. of..t.he present in
10161 FI G @g g@%@é{&gﬁ %é‘é%hér?g’?‘?@f‘@lé ?lé}}s{g%&%gi{‘sg%%s EE‘FP(}HI]:W {} }{gfgﬁat es anot her

i nproved propwidsium ditioveyaont igilratdt drereidicie powesidgehertatlirolnga@par at us;
and [017] FIG 5 depicts. a schematic representation that .illustrates
another prafurtroh arPvec it il SRS B SRRERS Rkl rifledoar at us.

[ 0181 The vanh alistcdelspedifbed &edeuil dsoahetnat othhawrotpaseadl ddawibp inar e dr awn
t o enphasi 28,S ecific features relevant to enbodi nents of the invention.
Ref er ence c‘ﬁéff’lgct ers denote like elenents throughout the figures and text.
DETAI LED DESCRI RFIXPNF @ (T sdMEINT lefsentation that iHlustrates a prior art

propulsion drive configuration for a marine vessel.

j014] FIG. 2 13 another schematic representation that iflusirates a prior ant
propulsion drive configuration for a marine vessel:

{0151 FIG. 3 depicts a schematic Hustration of an improved propulsion drive
configuration with power generation apparatus, according to an embodument of the
prasant invenlion;

{016] FIG. 4 depicts a schematic representation that itlastrates another
improved propulsion drive configuration with power generation apparatus; and

J017]  F1G. § depicts a schematic represemtation that illustrates another
propulsion drive configuration with powar generation appatatus.

J018]  The varous described leatures are ot drawn to scale, but are drawn to
emphasize specific features relevant to embodiments of the invention. Reference

characters denote like elements throughout the figures and text.

DETAILED DESCRIPTION OF THE INVENTION

j019] Embodiments of the invention mav refate to a power generation
apparatus or system. Embodiments of the invention may relate to drive
configurations for such power generalion systems. In some embodiments, the power
generation svstem andfor dnver configurations are used on a marine vessel or an off-
highway vehicle {e.g., train, construction equipment. mining equipment).

{020]  As used heren, the following definitions applv. An alternator 1s an
electromechanical device that converts mechanical energy Lo alternating current
electrical energy. A rectifier is an electrical device that converts alternating current

(AC) to direct current (DC). An inverler is an electrical device that converts direct



[019] Enbodi nents of the invention may relate to a power generation
apparatus or system Enbodinents of the invention may relate to drive

conf i gur avpansl/fo25such power generation systens. |n someTArsR@adionEne s, the
power generation system and/or driver configurations are used on a marine
vessel or an off -highway vehicle (e.g,, train, construction equipnent,

m ni ng equi pnent) . [ 020] As used herein, the follow ng definitions
apply. An a&ﬁﬁﬁﬂ@kﬁﬁpM&n%ﬂnﬁ&ﬁgﬁfﬁﬁﬁcﬂéﬂﬁgﬁhgqe%hﬁﬂm%bﬁB;%@HMﬁrtS _
mechani cal energy to alternating current electrical energy. A rect|f|er IS
an el ect ri celftageyiddmqngpat welb Mieaise ot P timgorety pehingA@)copgeldi r ect

cur rent (Dqurcuf?@ A BYEILHSE allef?né\%I‘i’ql{@G\t\rd:("(a’{\ Seyicevhiial mggﬁm&s direct
current (DC) to alternating current (AC); the'resu may be at any
requi red voleage! aatiow meqoenby!ia @:hoﬂcehemus*élepf'tméptpmptq renarst or mer s,

swi Lching, f EARGESE Wik GYbliSe o FAILALUEL A EANARLBII LEAN Or CAN bus)
is a vehicle bus s esi g OW M ¢rocontrollent or ot her
controllers andiﬂkulbesmKOMﬁmdmmmﬁce@QMWMMﬂmrem@hpovﬁe$ﬂmmmhln a vehicle or
ot her pomerceim Rt MWI \'1 12 §C01 manlslmu A 1% ti:u Th %oni j]r!r%if

enbodi ment s5°°4 6ﬁ rol | &' °0Y 6§ﬁer COREFOr sY%s Pim BRRES chate with
vari ous COW@%I\SMHHB@U@J&H@I‘C@GN teuslectithBasedot spplibeion spedicoptdsanal 1y an
array of sensors, can be selected based on application specific needs and
par anmet er s. PS50 n dif feri ng enbodi ments, seri es-connected and
parallel - connect{e;dz]aliﬁ @flﬁﬂzﬁg,%mlﬁb@ﬁﬁdnﬁufeﬁet emﬁze@é@xﬁqﬁwleledm&mse
configurati relative to curr ﬁipé avai l.abl e systens, %Efrovide one or
nore featur @mﬁ‘ébﬁ‘é“ SRS PIEY ‘5 e wa%gpns*‘w%mﬁéak}w PRETHR ght, cost,

and conpl exihyate sxdtnelxﬁan@y;ﬁtwﬁﬂegmjr hfrd REGRAS mge §MBesk welur@fhdcicency of
t hese systens. Sone of the enbodinents may utilize a variable speed engi ne,

such as but ORguct giveEE ceptoRe Lt)pals\*pr%\fﬁiﬂdfeg\ sy ovhls dcgrasipy thedid £ er ent

amount  of PWBEnN R RS CQEERS POR &gh@éﬂzﬁﬂﬂﬁén@srm&xoutﬁupﬁQQW%:@&' Q@Begot or
relative to another variable speed engine o drive the alternators w thout
t he presenc®¢Be. wslemolfutﬁwa\wfeéﬂwwsthmﬂﬁiwdsr@ nogrerg iy giEeepbiReehd devi ces
to supply thepi REVER5R! o RBlSlo P @mﬂp{%@mme{a fRogdpment of the

i nventi on may supp 5 ery back -up capabi . vari abl e speed
engi ne may SupPkyrad genst amrnmi*equew@ymwrﬁput1hanﬁfﬁfem gowsvant vol tage for
use in cons e c 9 iment. a
common AC S&g@%§£éiQE§% %Bﬁgﬁﬁﬁﬁgnh@&§“F%“}%%ﬁ 3%?rghf%he?§F§grnators to
avoi d t he nbed pppersyhtemwmhzxentM@l@ht@}pm&nm supy 3®rh§mﬂrﬁfthhdduu s to rectify the
AC currents ernaton). hay [ ni cate

Thr ough a o %l[!]?i\ &ﬂﬁ'h uﬁi@ Reedﬁxégggréi :«gf\ dmnﬁ%erté en?x &RE‘Qggd bet ween
the DC bus amdwammlprﬁpwtﬁﬂmnthamszmuﬁwmmmuc@pMBneurate Ioss of

efficiency, it ec i t he alt ernat her (in terns of
synchr oni zat i onﬁﬁﬁﬁdq’f %Ereﬁ? SHEF LR FHENOg A, [dﬁlmeeétw?r E?B‘ﬁg‘?“ @"that drive the
al t er nat or sisol¥iad tremtihd §emprnotay @b e wed Aasy hua:ﬁ@ezeam dcvanriragemd or const ant
speed engln £UCh decopp&LnglaL WS fqrznpre @Hr0|}f|eXIbl|lty for
variabl e sp8HOEE wedy he AC ctyqpsyifrofyqard Hiegaiad) ¥ ehehe &P YUY st or age

device, a waz’ﬁﬁbﬁ;@t&ﬁ@h@m SUWLATGRhiteMs Ry GRlksHRE MdBy PBediglossDr € separ at e
storage conponents, and the conponents can be the sane or different from

each ot her pehveentlsDe punHIdany PIREIIOR O WByoRInensHals fost glrdticigppve exanpl es
may be il ushisaticdRple TREUCABILSY S FAGS LN BRNEAN AN HAGo@ and

therefore lurther decouples the engines that drive the altemators. While this may not
provide as large an advantage for constant speed engines, such decoupling allows for
more control flexibility for variable speed engines.

{024]  Whith regard 1o the energy storage device, a suitable energy storage
device can include one or more separate storage components, and the components can
be the same or different from each other in, for example, function or composition or

type. Some examples may be illusirative. The energy storage device can include a

i



hi gh energy density battery plus a -power battery; an energy or power
battery plus a capacitor or quick capture/rel ease device, or a flywheel

pl us a bavberyjo4a2d so on, dependi ng on application spe®cTius2@ansmee ers.
The energy storage device can include a sodiumnetal halide battery, a

sodi um sul fur battery, a. lithiumbased battery, a nickel netal hydride
battery, a nickel cadm um battery, or a |ead acid battery, and these can be
used al one Qy, krGARRLRALIADSIAS PRRENIOREL 84:8:rbRS O p(erhRers ¥RE §M needs.

Each of thesée foregoing batteries may be included wth other storage types,
such as nectiafitieaPr @idreagoreelasgidedse: ot phayees! preskiies. sidiwage, or t her nal
storage. 'Veaé;séﬁu%@ln«@;@ A0S ;feeﬂc Rahde il ehes ﬁoQ%e @Qrceegﬁln%géﬂ cal
storage can Inc ct ants (e.g dl oxygen, or the
like). Pr eszsmdemamétatfh@ﬂﬁ’amegt oreben aplaw :b@ﬂiﬁn @\hﬂdelmtba%d battery, a [ 025] Were
present, a I rQl ternator. The
exciter cagﬂg“)%?ln%ﬁr 1\%&]6 R@{yp‘ gmcﬁ?%gcél&gélhﬁ%ﬁri dﬁg%ﬁ*ﬁﬁmﬁg‘? dhe input to

t he excit erthes cAChe ‘ﬂﬂd ehne» enbgdnhemttms am;ncxpntumbhq»éml dr» spittreneslent r ol
system can g JLlustr tes an

ot oved: proparb s GfeGLE bfryupabe R B e i Sopar at us,
accordi ng tmu&ameﬁbmdl sapshtmah umhes,epmesmn:tam:mcentﬂmnml sTJnawuappar atus incl udes
first and sec‘g teru_n)a\t or s, 6 E {%‘ ‘ﬁ is dri lva bl e by an

engi ne for BEOHUSTY & aLpeups bRy SRER Cetrd Vot G MO

enbodi ment @l &l Gaclnts Vag | Blk@es pregndbabelik® nBiches haGhang skddceach
supplies rotati onall energy to a respective One of the alternators 104 and
106 for gen¥F#iT¢"®h AC current/signal supplied to a respective rectifier
1.08 and 110. Egofx|r @@ferd prédend 88exchdQah Sodudl @k e6kIdk¢AldueAMYYRI cation with a
respective qgne of the alternataors 104, 106 for producing a DC electric
current/ si ghBMmatornhe asiigricip ge. ExfwgﬁwHhr%nﬁw@krdée&q“r»f‘élﬁs» MBiand 110 is
suppl i ed t op@eldrePUACLHR ond Anbdifert AR EQHERL P BihedofONST 8O oMol tage s
supplied fromthe alternator to the corresponding rectifier even as the
erm ne speetbubp! hp@cigr i abl e speed engine is varied, Additionally, each
alternator my Begepssaliflyr 6ol ;@Mnae@pﬁmtnmsm%ﬂa AREAGNNT espect | ve
engi ne . 100 and provides a different power 1 nput ts respective

al t er nat or , rlq\mvwegwewmwmal FEPIHEAP At emhiiaend df thsmwﬂ pnermvae t he sane
and/ or a cofst t 7 . | ofield
curront of  PReTERgOLERGE AUl fecgyd atemaigst RET) L QI SFARRN S 110’ Sut pur
vol t age of fyhas qgamaf¢fe¢ecwgngec¢»e@tsa¢ fist AfitebackickOderdnth the GB8batvdeitto apporti on
the power/cyrhgn . 04 an ernators may
be i ndepend(!gnrﬁa £ ‘g’?{g%%pﬁ%éﬂ'%gﬁg‘ra F(S(P%%r%t% ”ﬁegm%ig”‘l‘;ﬂgg‘%% #‘ T

control li ngtotah&pemmpum wiahd agm atdrg w—lsmddt)(s rcegencr(emwmal[ s:tuhemgngmhes 100 and
102 operate_at e _sane at.ors..104 106 S uppl y the
Fequt ed- corpRit! e FaRGARE e esgLERE By TR RN Pt o
the alter nacnmnmcrmumespl@@@bapms:@ﬂtemlzhe&i 1@1”1&1]0& Ifut;ormt lmeg;«rsmmnrg,adib(er 151 (or
ot her control syste ustlthﬁ vol t,?% nd/ or. curr%enélq nhdependent of

t he coupl ed® %‘T‘f&ﬁ‘éﬁ“g é%‘ﬁ{ eyl g G o Hemy r‘r‘”f“FbW fFom'edch engine. in

anot her enbag@hiant a DichiRsalkt, emﬁ@(&@sﬁ:ﬁ";gﬁxﬁtﬁﬁ@'&d:oh@m‘(%l@ék@ﬂ@lieﬂi@ﬂgl ne speed
and/ or power output fromthe respective, engine to adjust the voltage

and/ o our rBAEHGEEAeTHe e £ OR Rt oyt 6 S FeieREIAF pregt of the variaplog]  The

appar at us i pediid@me a0y EAIBL oA, BT BhRRN A0 Se kMBKd LEhirdiidhle 115, and/ or
117, each of which is in electrical conmunication with one or nore of the

rectifier (syMUBoECANKREH ICHTIFOMLEe B aihi 2o e el e oyt EREURIPUAR el ectri ¢
current. Thg x\?ﬁﬁfm@ qﬁ\%%@%nb%eau@rqﬁmm&%q;@efmsswe@%me ¥akifage, or both

frequency and voltage is acceptable for an’intended | oad. Those
skilled in mﬁ@rawnwnol%@@g@ﬁtze that the use of the term "acceptable"

means that the sgegn o A X rent that
is conmpatible V\Aslt@/hﬁ ﬁg%ﬁﬁ ﬁzd@ék%d(&gg&ﬁmh X““ﬁ?% %g?ﬁaﬁ{ %ng‘&}&

pr e- det er mi lnednian dheonitpae st gpatiatic pasitcomettbbalstesny Nt—laindpﬁt{rmd tHl owi ng
through t he’lppgﬁitoh ﬁﬂeei) W el[& nt%H\shet c@g ﬁ%en)\(tgﬁztai%ﬁ 19 qﬁ@ ?ﬂd nlth?- qﬂ&%ogad

may be mdependently varted. or separately controlled to provide for controlling the

6



[029] inverters 114 and 115, for exanple, convert the DC signal on the DC
bus 112. to ACto drive a propul sion notor(s) 118 ("prop notor") and a

t hrust nowor(sl)04128, to provi de propul sion force. An i nPEMUSRO12DF073@ PPl | es
AC el ectricity to, or energizes, other notors or other drives 126 through a
first swtch 128. For exanple, the inverter 117 may be configured to

energi ze a notor or other drive 126 when the first swtch 128 is in a first
state, e.0.ou@R vhIRE! 113k GRaRAT hivQR: d28A 1) Gx'rl(meg;@%W&&% mnal s of
the inverter 117 and notor/drive 126 AS shoul d appreci ated, each notor
118, 120 orspsehehenterarirgriyaod e cop swphabe ra-aa!dedws“ua@h@tmmﬂ%ﬂan el ectric
onboar d |Oaﬂcglgg%mtﬁ&»\ﬂaﬂﬁ\/kr‘%?qﬁB{at'h ané kit EeoPQURES iRt 1S

| ocated on a narine vesse f ﬁvva ‘vehi c powered system);
thus, each thavenger IB149r q}mwsmvw@mm wsphety ﬂ%eéilfé@rtmmie@il communi cat i on
W th one Orlpge?)re defil §Ghd L %}8&8 @qgmfv}w@ed 8% @i ﬁlg dg é?ol’tsl@( %Q?&% are

responsi ve e secon I'C current pro uce e inverter.

[ 030] Conti nnwwegIwmoﬁutht&mdBmxm lbmi@ttamtrw sm&md lcengudn@hlr’ﬁ@lgwppmdes power

(e g., the 'P ()"r}Ot"r‘a“}ng)]c Ff‘r’ll ‘}EI S}GC‘L‘. nwme Ll Sti? VQ 910 '11 ) ™ §I3ﬂr1]e tO a
generat or syStem 154 8 el dBIe Fd pr gu%e RC} WPEY Y EET érﬁ

gener at or s&&t‘M1myxlﬁagamlﬁhtmef(hator a generator and transforrrer a
generator and HTW;{ SL or nerat og/trar\sforge\rl shovvn in
the drawi ngs for fi| Y?‘ﬁ’f’a‘ﬁ"ﬂ)‘u‘t‘ ?)%‘b%’}"’ éH HOTe L A W e 1158

control | ed fu@/cd et @adichbradindizé inaiectrRal @etRLR06] hiinsd Onies oflibd squI ies AC
el ectricity to, ofher ads/ hotel |oads 156 . and als rovi des i I ati on. Use
of the cons‘F%\‘Hf“%bB%‘dmg ’e*Di?yfﬁd‘ffé"gs‘UFTReE‘i’@nP“‘BSc“gu‘g‘é“%%“‘8?

| oads/ hot el seb@adsc él%@n@@@f@t @leQz@@JnlcV \fortﬁlfél @r tfdtrwéi;ufaﬂi&%@ﬂ@m ;gour ce.
[031] Additionally. with the second swit in an_open condition and the

ch
first swtchatpgecppiable KeepHEndedicad (@““‘g"““‘éﬂ ‘%ébo‘ﬁd“”ﬁ%éﬁ“‘é‘vxh‘ﬁ‘d% portion

128B i s cl og@d)metdid 4afaé§trq51@f médk 162 MeREQKH A€ PQNWRS et @ni(RRGSAI Z€)
ot her/ hotel |oads 156, after passing through an AC filter/transfornmer 160,

whi ch ensur@&serpgs crapt 8@?qseettlpwlet\aﬁe‘hanww ag evhiserthp AlER! 8Y suppl i ed to
the | oads. ﬁn@{aa@ﬁtﬁhéﬁ mhhﬁdésle% ba biemsd %g%ﬁmw%& el Bodifly ASRQK! ation with

t he generat or ectivel and second transformer 160 can be
conbi ned, dépextiisigD6rut. Héd mom@geﬁwwdsd bhdt he generator 154 and inverter

117. Thus, the tigpﬁl %;g;tgg Tjﬂ e ﬁ%%f"e\siHQRJ X*mt\ QAL 9 § hfg cent

vol tages/currents Irst voltage fromthe rectifiers 8 and 110,
HO, a seconkbsvdl tca@‘éhf @rbmfstm'wtmenfammllﬂﬁémmnm:' yasgthawtd a third

vol tage fr O%mﬂ‘?y ”§%tmﬁnr‘(¥.§%721\u bm o (“fh AR n% stl%ﬁehj(?% t:rrmélt E\ a two-way

switch, whefeds ‘s eewa ng aT1rst inner

switch por tms@:mri.@&ﬁoémdmam&eﬁmﬂr dmmeﬁ”fsﬂmmeh z;ﬁm& wmm mzssm oampkol | ed to

determine a,flow. of matgﬁl, the switch
ne

as
155 rmy " be 1At 1APRYE ke PR KT o T by PP IE T Biecr a Lo

ei t her not ofkdywing 1126 v0s fitst amsfaf rfﬁnr:mie@%x,ldlaioﬁR&T.ZS,Wlxi ﬂl%u(i}bélﬁfééﬂ ng a third
state for an o rcu‘i,jt__. |t|on n [ nhverter

mot or / dr i ve‘%‘?gﬁ Plg‘ 't P‘éﬁ‘é‘?gﬁ)ﬂ‘é?’d Y “‘é‘vﬁfhé“f’ el “S'\Ri"t‘&‘ﬁ“éd'r“?{? ons 128A,
128B are sh@u@r f o 12d drusttel alotot@riPUIRAS @her RAG | §d comayubent henease that the
switch 128 |ncI udes only one inner switch portjon,. or nore than two,. for

ef fect uati ng* b lgagd Mgl e vice fiabgonsumes electncat pow er that is located on a
marine vessel, ofi-hughway vehicle, or other powered svstem); thus, each inverter 114,

115, 117 15 10 respective electrical communication with one or wore electric loads 118,
120, 126, and/or 156 that are responsive 1o the second AC electnic current produced
by the inverter.

{030] Continuing with FIG. 3, a conslant speed engine 130 supplies power
{e.2.. the power transferred via rotational forces of the engine) fo a generator svstem
154 operable to produce AC electrical energy. The generator system may be an

alternator, a generator and transformer, a generator and nverter, or the hike {a



[0321 First and second parallel engines 100 and 102, first and second

paral l el alternators 104 and 106, and first and second parallel rectifiers
108 and MO 2nayo4$428pl y the current requirenents of one @CTrase@PF@PEl Si on
notors) 118 and the thrust notor(s) 120. Also, two parallel inverters 114
are illustrated for an optional application where a single inverter cannot
supply the current required to drive propul sion notor 118. [033] A DC-DC
converter 1/0.60008Gk@Het Q A& DG MSihdL (‘;‘Fhﬁxlltﬁﬁ‘%n%uxﬁ%@%utﬁr‘&‘hé?{a ot her energy
storage device 172 as required to maintain a ful attery charge" Dependi ng
on the enbotrensitvitch | e seitwhed tereclgsgd t»féxdymaﬂhwn@mf@ﬁéﬁgyms&b age device
?Zie'r tsefbl & g)gm%'ﬁ% dlﬁ@!\ o Oﬁgkﬁg%&c&s rota@: |ht1|ﬁ§lrglﬁ$ BirmxdlE__sestgilﬁgdne[LﬁgaBgi grery
or ot her en@rﬂgg/ﬁ@tﬂ@!iﬁag@ddewﬂ@é”“ll?iu @er@émgiueﬁthe @ﬂzﬁﬁm@@ow@ﬂ&i@@t hrough t he
DC- DC conve to.Lhe rectifiers 108, 110 and

i nverters 1 %’ell%é&erﬁ?gm] Sfﬂg&@i&@%rci‘?g{%%bcan supply current to the

propul si on not or¥§>i(ls)3‘dm:118g1<ﬂl\ heith ﬁ\cuscmnm (ISP 11 200peb hendatidmemd the
motor/drivefs S ! gre,swtch
or t1 on 126818 ER 420 FETRRk S Rer Fnd Rk pRudh PR e ent
confi gur at i hasvane } pmsm ;bhxegh, ;ﬁtﬁm ax(anmLxee.mimhme | lesdaddé, mﬂltpa@*fmi:l G 5 a
battery 202,is eIe I‘J ca alte nat or 6 through a power
el ectroni cs'"h%’d}uf“é dé“’f g%%f“é‘i"h’pcfe) WI“ ?"B‘“’dfef‘% “‘b‘é‘ Lcﬁ\‘/v)Oq tage and™ " F o341 "1 n the
enbodi ment s@yhdrfodrtGs sibpli@niolthd blsgananatiorhd ﬁﬁns’hﬁfcm@ﬁ (Ibdisius required
to carry the ful | cu;rent outPut fro tjhe engi ne, 15

gener at or / t PEIFEFER help IRt ety ey | H 4Bk 96?1“4‘I‘f‘é“‘;"é‘]“%{t”‘bé@wq ower

current capagithedafe fuéﬂl!ﬂnﬂﬁﬁh@ﬂ‘;hk%’lm HOEf 1OYRIerafdr QR @O Agey 100 and 102,
provided to_.nost o | pads, such as the ropuIS|on notor(s) 8, thrust

motor (s) 128MsgRgtopAeso AR Astorpel |‘\‘/‘é("s‘)’“1f2§1”%‘é%d‘~‘ h}@%\"gﬁ“*’t”hr(‘o%gh

transfor mer $n8i NEGad HEE Grel OAERCAR 2GENRY Qkéc)énc(%@mmé t-haute i sol ation. The
speeds of the engine 100 and 102 can be varied depending on the fuel

ef fici ency enarweteniyReam ahed tJuye Hﬁmﬂb@"”ﬁ)@\w@ 1pilustrated. 10351
FIG 4 illugtifates mta%e Q{mmfn kxﬁEFBOQhJ%P{% mJJ [bsQR&: ?efm%lﬁ W%Ofwz&he

generator/transtbrner can supp]y el ectric current
rectifier/imvserdrsiioer bmltséx Rogten lfl‘%érwﬁ m«@r}m@mn@an!l@ih@fmi@Upp%y DC current

to charge ga%ofgﬁ%dé?ﬁ&%ﬁ{&{e 4$3u d‘ib N aféet,sareaa AR 1&’& bca-gy%letcla‘{e% @afﬁ; odi ment,

the altern can supply e current power ctronics
modul e 200 stiwh 138 oepbsa &@’Eﬂhﬁérmtldhrtmwmhéersédm%ai*ttenwa’tedlta 106, and in

turn suppl ' eeiﬁxex[x;}lg Y neenlt‘{)tof)ir%Q?‘ 26 %0? %%%ggfﬁ@é%(g&m%% dthpr‘d stut er bl € power

el ectronics a conver and/ or
any ot her dm/ope&caanmadiem between thi (ﬂBﬁ]wT‘hﬁéar{dmm ‘drivetiB@add r st or second
battery, de ent and char ged,

can be pr ov%gﬁ&"%%cga{ At %e?hee ‘%‘chﬁéjﬁﬁﬂ%}s E"?Z\lé %%’eﬁ%(f\ﬁ %gé’ﬁm‘t‘ﬁe ot her
not or / dri vepurpdres, bltd it Sty BRI aseQiiat tHegwieo PN iailodes B0k Qhe inhBesetcar e
control led by the state of LN fALLESPRIMNG S Lghes, which is controlled
by a £
{032] First and second parallel engines 100 and 102, first and second parallel
alternators 104 and 106, and first and second parallel recufiers 108 and 110 may
supply the current reguirements of one or more propulsion motor(s) 118 and the thrust
mator(s) 120, Also. two parallel inverters 114 are illustrated for an optional
application where a single inverter cannot supply the current required 1o drive the
propulsion motor 118
{0331 A DC-DC converter 170 connecled to the DC bus 112 charges a
battery or other energy storage device 172 as required 1o maintain a full battery charge.
Depending on the embodiment in quastion, the battery or other energy storage device

172 is able to electnically couple o the alternator, rectifier, andfor inverter; for



controller 151 or other control system For illustration, the "other
control systent is represented by the controller 15.1 Those skilled in the
art will wecogisrest hat the controller 151 or other conPCOIUSIYISNSITE6rRY
effect control based on an operating condition of the system and/or allow
for an operator to command the controller 15 t or other control system
When the respective engines are not running, the first battery 202 can
supply -povehahR hQaden hlBe enltl%Qhﬁn@hn% 41263, 1?:@gmtehem%ﬁfépgﬁs;@@%t%rey 192 can
supply power to the load 156, with the switches 128 and 158 properly
confi gur ed. deaiy 17 2rcrarad pithalee Sy Harbooeinde SCG-BEyoreder B¢ asdnverter 190
are assumed;,anel,nef i3 LM THEY 16N z?%rféﬂnii?ninﬁq Wit Ryb B [Plcah! ansf or mer
154 and/or the second transforner appropriate switch gear
arrangenentﬂmﬁ‘LuH@@BW$eWﬁ@wb@ﬁm§Wyh?®Q\d@ﬁmbélmﬁ@f@éaiﬁyﬂﬁbwlon of the
engi ne 102 g t.he hged by action
of the englﬁgﬂig}h%{ ‘e%@aégﬁ‘e@’g?\ ('*Jlri?htlr gﬁg‘#&gﬁ%er&}?%%qg&é?} ”’bggr%?power (not
shown in Flﬁkkﬂqicahnah@daﬁhangéﬂmhévﬁiB@ﬁmamdmse@omdmhmipﬁmb@sﬂ&QZ and

202. For exanmp eployed on a
mari ne vessél Wtﬁ %ﬂHM1m§£?ﬂﬂ§ ‘%émg?OV| égkﬁﬁéﬁkﬁﬁ%ﬁ %§” i s docked.
AddltlonalIymumnﬁlamﬂmnwbdQﬁnhhﬁmebmcimnmﬂémﬂnﬁxpmm&%uﬁum@mhuk not [united
to, propeII tors, thrust notors, and hotel |oads are chargeable from
the of f- boatd Sour ce. 10381 During use, where the first battery is
present, the coryetanun speatotmgiinRovmy MGOXWaR HIP§@cpOWaEndRthet he
generator/trgnsforner nor e eI ctricit can. reaso ably be taken up by

the hotel |bAdS BAHEFHEFaThe Y @%me$ﬁ€¥Wb&?W ‘??“iéfj ot her contro

system nay Q@Erak@ rhdifrhBe 1 wans b@ﬁ?etﬁﬁ@éﬁdﬁn&ﬁ@i@&ﬂ vat 1A eRtdtgedndet er m ned
Ievel and capture the electricgity within the first battery. The term

optlmzed"01 ’“%é*é““t?&%ﬁ%%ﬁ@?ﬁ?ﬁ@&“1%VéﬂdB%séﬁ“b%d§UBﬁﬁﬁhwaneters as

equi prent | j,§&, sxifrh'%i;h@@ﬂ@tﬂ%ﬁh&ﬁbﬂg%hﬁuﬁ&st@ﬁﬂrﬁékP’Q)Samﬂﬂgnﬂz'&e li ke,
10391 PIG5 illustrates an exe odi nent wherein the rectifiers 108

and 110 ar emgerEae(ad2¢ freabr agl % i;“tdﬁ“é?mterﬁé”ﬂéﬂlﬁhe atsccageensiilhe DC bus
112 is the @meﬁfmﬁ 8R! ﬁxe@lﬁ\éﬂlfélﬁéﬁ&%n@%ﬂﬁﬁ 10 eal i?ecstihg(? &hed3@, and the

vol t age devel oped across t rectifier . Th each tage can be
|ndependent@yméékh@hFEWédh@ﬁ@LWWQﬂg@é@domfme@éﬁﬂéngﬂhé can be independently

establ i shed to Rneduesthe.dasl pedol plakkolihane. i e AU RBlSadevel oped by

each of the rec iers are approxi nmately equa en both the
first and s@m@n@réw@mHegr&GamandmﬁOXQakevmpematﬁngmﬂdﬁpmndu@d9a vol t age,

10401 In anfheqié) \(;J\fr léﬁlb%%%ﬁlﬁ@lpgur)g Sy 'cxﬂ?e!rnlrlg}ec I%Ie 9?1 xtl E;S-Qéno{mo%?:%[) ener gy

storage devi'ce 1 er conprises a us 112 for
carrying a BKhnmr&anMdmapémbmﬂmsmnbﬁhkﬁﬁﬁﬁunmempumﬂdAﬁeﬂm&mnnmﬂma DC bus and
first electrical

ot ational PONERE T8 R bonerdr o i RRRrR: SRR AR SEd ey S or Lo
device is ablsgaddan elreedppli@add yueoupl cﬁb Ts:@ qts&\.@nﬂibétﬁer\n:ahom stiieGlel f1er, and/ or
Inverter, Vl!mg'x Ltl” e %ur?%x cts) lf‘r%adgil; n%g rzlr(lanr V\Qg an A( i{ﬁ)(\ ny Lr'\'\_rt ahSm?PﬂeJ; g%d;’or any

ather device as needed.

j036] The power n the first or second batterv, depending on which is desired

and/or which 1s present and charged, can be provided back inlo the svstem {o drive the

hotel load, the other motoridrive, the thrust motor, or the propulsion wotor. These are

controlied by the state of the corresponding switches, which 1s controlled by a

controlier 131 or other control svstem. For iltustration, the “other control svstem™ is

represented by the controller 1531, Those skilled in the art will recognize that the

controlter 131 or other control system may effect control based on an operating

condition of the svstem andfor allow for an operator to command the controller 151 o1

other control svstem. When the respective engines are nol running, the first battery



storage device may be electrically coupled, directly or indirectly, to an
alternator output/input, or to a rectifier output/input,. or to an inverter
out put /i nwot201vidad2she DC bus or ot herw se. I n one enbodPEEAIS200807860er gy
storage device is controlled for selectively receiving electrical power
fromor providing electrical power to the, DC bus, an alternator(s), a.
rectifier(s), and/or an inverter(s). The first switch .128 has a first
state 128. AdaQhy, GNRNGIRINS 1608 118 113h, 8lie84 Lheak séa%ﬁ@ﬁaiiceﬁomltuhﬁ DC bus 112
and a second state 128B for energizing the first electrical loads fromthe
gener at or atéPit panetietirdpad 18- wldibesoRdies dftergy S8 poradecldyited 192 s

coupl ed 10 ARErGERSIRALRNra AT s ADSHRL IRIcoS AR AFe Lifindd dihoSWi L Ch 15

i nterposed between t tional energy storage device an irst

| oads. showROAHgY dan be hemiuagd wiisthe RS prhredr Bdpodonénteondne or nmore, of
the, engine; : e, N hut down, and one or nore
of the batt2§%§§n?%ggmfggﬂm%ﬁgn qguB‘F&d$§g§ﬁ%n§and charged may be
operated to powéﬁ>ﬁh§htbﬁ@sﬂﬁh&adb¢da¢sdbFuekmeﬁﬂkcmgncy&haMihe att ai ned
when an engj Lo driven / r or powered
down whi & o U REalsT Ferl BT 26 el iR A R OB B RO 2" AP hough
t he vari ousgdhbsguae e&n&kmw p,MuK}i“l badrd B{ls\nat{mnshomeﬂtfmmmm alet ¢haygel N one

enbodi ment th neratl p,p us co ses an alternat or 104, a.
rectifier 1%8%f‘£ﬁ’mfﬁvg ‘?“‘t‘e ‘p’@u H &5 4~ ﬁ‘h\}‘éff*é ““ITAF CTI8™ or 117 as

in FIG 3),ocfand. mrme@@eardgm astmrnage\s@lemms:uﬁ@uﬁér:aaa @n&s@@eﬁsﬂm@e devi ce
172 in FIG.'3% ;@ﬁlternat 104 is drlva %'gn eng 100 for

pr oduci ng a7 Srtopele POEHPRAELY cQIRE FOTE SfBe ¢ @%T% Ay g ViRl gl ectri ca
comruni cat i @R b rbhBeahbiernater m@toﬂ”ra:fd%oteﬂ?(cﬁﬂﬂ&b Bgr@aBerehagtri c current
fromthe first .AC electric current., 'The inverter 114, 115, or 117 is in
el ectrical YGRIMIHFNEES on with the rectifier 108 for prodUC|ng a second AC
el ectric currentizsThens8e RAwRAGe gkl bh§erd W}:ﬁ%@ﬁl HasoRlnAgeariablke
frequency and/or vol tage. The inverter is also in electrical comrunication
wi th one orMpoPederarrs pevar gadide gencgpior By aRoggs mopplactndly; thapea 126, 156 in
FIG 3) resp n;ﬁ&%}(\eb:f QxdNB ¢ ﬁ%ﬁ@iﬁlﬁe C\dﬁ‘a* %F&B Qoa@qr\ﬂe@ﬁ& o8 &NSY ?xy storage
device is able to electrically cou e alternator, rectifier, and/or
.inverter, othercontrel GBI MO PP rus Qﬂnn@ﬁtbpﬁr‘l@lba%ié@fﬁt“’ﬁ oampmwér gener ation
apparatus c G ool Ubakd LY. I, leS 1 plurality of
rectifiers %ﬂg&h%?ggfga@%aéﬁgh%{%?égﬁhfﬁ§g€?gfﬁ1%%ﬁﬂ\ p@%6§ﬁ or 190), a
first el ectrdpomizeddm{yledsr t&@&’reroﬂnemﬁ)si hzaﬂtjmmmcmmlgﬁetsnpcfagmmyst em (.170
and 172, Orlﬁzolgel%)ﬁisu?ig)am e\EJ'?a%hLe% <Es gaﬁlggﬁ%g 106 is driven by a
respectlve vari abl eed. or producing a respective first
AC el ectric sigra] EHch nﬁ&stmm:@)hwmﬂdﬂ ymbddimen tihbicer e &08Gerd @ i s in

For produci g 40 Pcpetet e iteSreERTES LG aaie: Sl Bt T2I54E " connect od

to an out puunofl v vdimasdeveingedalerdshde reatibd ivgnsd e xgl,moefd@ﬂ‘el(ﬂﬂﬁa ving and

carrying the DC el ectric signal produced the rectifi The inverter
(110 195, "GrTpySi e HOTBRE FBar st Ry CLRBE PRI o f or
produci ng aspsecemaciAReRbe&t kd iGd&kaRally esﬁw\}fekirtéi?ro@xh@@lﬁéd&réd(l@ﬁ 1(118. 120.
or 120 is in electrical communication wwth the I nverter (114. 115, or 117)

and r esponsTaass ot epaeitaloprd Ry sl o ‘E‘3§F‘&ﬁéﬁ‘“”‘ﬂ‘i‘é LEW®Rgy storage system
(170 and 172prRimA80 4R B0t fie GoH Rh LR diBRPGoME 1817.f or control | ably
receiving electrical power fron1the DC bus and providing el ectrical power
to the DC bepsratingio predupgaAPligegr control | ably receiving el ectrical power
fromthe DC bus @ﬂq M&Vélﬁloﬁgn&k Qﬁ%ipb%lkﬂ%%% s § Quibher BePUR eyt he ener gy

st or age systen1nay be controlled controller 151 or other contro
system Forslesgmgsivae 1fhet}énﬂiwpww adessparanssigylC bes daderw@red af or

recei ving eheehilal nPANREy I EOM RE e bls (160 blNG GRS LAY L RhOEAGS System
is at less than a char e eveT and excess power is avallable on the
bus, and t hEtemalrappngtiospepd tsgﬁset L5l 1naylpb'en¢onwfmal ok Bra pnowiodi ng

el ectrical ; he, o I S t I wer

avai l abl e o{nh(a\téﬁéﬂ%wfgtﬂ%ﬁ aﬁH§lemﬁg§%Q§& %%ITLFO%S??A&%‘ 5‘]’“@% 1(c’)\E/?\}(e%r fromthe
DC bus. mmnmmmAﬁmﬁknamhmuhaﬂwenbaﬁeﬁéﬁm\ot@éﬂap@ahanu§uﬁme@@er conpri ses
a constant speed engi ne 150, a generator system 154, and at | east one
switch (120 and/or 158). The generator systemis coupled to an output of
the constant speed engine for produci g a third AC electric signal. The at

| east one switch is electrically connected to the inverter (117 or 190) and
to the generator systemfor selectively providing the second and third AC
el ectric signals, respectively, to a second electric | oad 156.



1046] Anot her enbodi nent relates to a power generation apparatus conprising
an alternator (104 andlor 106), a rectifier (108 and/or 110), a DC bus 112,
an i nvertwpo 20104142515, 170, and/or 190), a first el ectriPCTiusaalo0i®8¢ 120,
and/or 126), an energy storage system 170, 172, a generator system 154, and
at | east one switch (128 and/or 158). The alternator is driven by a

vari abl e speed engine ( 00 and/or 102) for producing a first AC electric

si gnal . Theq&%&&kﬂk@%wk%uk@uﬁlﬁﬁkBmgai GQﬁWUﬁhﬁ@%MQanh%hm%Q@ra|ternat0r
fix producing a DC electric signal. The DC bus is connected to an output of
the rectifi@RPutTHELPRPErRErier SUPHIBNEET K WP vEShmip eHLL.of W PR the DC bus
for produci fg BofeR0nd IAGAlRkId Hanaly abie bblisdis EhfichiEd frl 0ad Ts in

el ectrical communication wt e I'nverter and responsive to the second AC
el ectric sighalivelTiveeiviepelrgycd porages ysrrerning el@eupaledwrdOﬁ%WéZ}(Dc bus for

control | ably,.race ‘?t'e;‘{m{\ﬁ E)EE%QE(I&E@ anR8F af H’E‘f e RS and }'Rrh?l\”ldl ng
el ectrical power or “exanp he "éner gy storage system may
be controlI@@l%Wua&ﬁbNme$$engﬁﬁlwﬂmk@mm3ﬁmd®hpnnhu§Q§mehf'ﬁh@ gener at or

150 f duci
2 Thira ac s PeBgaar Ry FrE QRN AR B0RRRAR S BRtEN, caf b 0T

connect ed tmmﬁhﬁnmnVEMMQMOandmhm\ﬁhﬁw@kﬁ&ﬁaﬁbncsmﬂhﬂﬂnﬁﬂhn&abemkiVely

provi ding the second‘a ( electric,,s r.es ctlvely, to a.

D eoond o ectPrRrngerRa fe i it SuS b RY R e SR ET Blshst Inet
enbodlnentsmmhmﬂkikéamjmhaﬁm&mnsIoad may be a -tractlon .motor (neaning a
not or for provi q enent Prce such as e not or, thrust

ot oL wheel  mot ¢ T opt 1 aatqur alusiigier pReddaenahle ?P‘c‘ F gPal’be a hot el

| oad (neaning, arléﬂ"»ﬁ%ﬁn @et;lae@\m s,en 8RACkHHd @Qs,or anmaft 1@163@%4%*’!@“ @, traction
motor; the hotel | oad non- not or d). power generatlon

apparatus Wﬁyéﬁe’H@b%ﬁygﬂL§§“ﬁaﬂﬁ‘@FOﬁiﬁr%ﬁUP§P6WiHFPV@“E@ﬁF dy#'ation for a
marine vessglici@ey AhdHeANRed @G @ngine is shut dbQABLad RenGetit@den; enbodi ment s,

t he power generaflon appar atus nmay not include an energx storage device or
system | n ORESPORE & PEudiefdnen vhlehappiratedinesiprursashaladl t er nat or
(driven by a varjahl & 80680 ENGiRElsurd ¢ hamu{.)u%ﬁ chbrs PRl BO. B
electricity fron1a first AC signal produced % ternator, a DC bus
connect ed t@etehdoduepiibe piwa genaraon Rpasriys ca}mprlwetﬂmeﬁrn@@fnlﬁ)éci ed to the DC
us for PLORUEING.D 5 ROAA EE. slcaaaln LA e PECPL BEki Fld v Rhgsent. on the
bus, and a first el'ectric |'oad driven b he "second si gnal he first

el ectric | cadkramy styerga deviectiahms audrar :»T@mz-mehe:ﬁ 1@ inv8Gui tThel n anot her

enbodi nent af Xol4 m.driven by a
const ant spe%bmgﬁggﬁe #og p&oﬁ“%?ﬁgqubh%g%“§E9§H9{%ktﬁmggcong electric

| oad (e.qg. rﬂmtﬂi fiel OEay n &qﬂm&eﬂmdnﬂammhe\mhnmdahéc@am gmasz prbm::amot her

enbodi nent rov ectively, connec d electric
|l oad to the B%%wé?”?ﬁ ‘ﬁ‘%%f%ﬂkg E?QFCH$? ?W‘P§3i&§ &ﬁ% ?por to an

i nverter thatn @é@nﬁi@t&ﬁmﬂﬂn&ﬁoﬁ wghale ediftict he | DQ)xbwﬁ.lr(gtJHe&maner ter may be

t he |nverter t hat qﬁce§‘t€g.s‘gonq AQ |gnaI or an addltlonal inverter).
10491 The pRERAUSIY. THFSEORLaq HBuarieHTe Hearopu g‘p‘ﬁ‘f‘i“t’&bl‘@ Po such

pover ed sys{@@se. a&eamréaézl@ﬁlswe]s@akncaF@ﬁmmsmhe“;m BnOReR@t blearien a power ed
systen1such as but not |im mari ne vessel, | ow notive power may be
commanded, Paliest sy "alr?d?‘sojrﬁr b(ffu ?{eélﬁb WidH Bdewarsivdp ”}elqﬁ‘r‘*‘t“éd\ to when

appr oachi NGej @Ok rend AGE end@POiBaL: ABIdk MY SR uicANdiOp $h@Ee. The
controller 151 may respond to the | ow notive power conma nd by stopping or

reduci ng t heteEgIiectdiseaa/er ingHiey one, or nDre of the variabl e speed

engi nes of the ghW]almﬁﬂﬁel i géﬁx&i(ﬁm<%¥ ﬁéﬁﬂ)‘h appa{&i’x\é m)t' ve power may
be commanded an requested by an o era provid % ow nptive
stlg

power , i faddittiriginalr ppowiy of dlemreiil Hdd f(‘ewkyﬁéﬂ\oﬂl@%@ﬁbdaél mPhe marine
vessel, the,gantr, 'u‘n%heﬁéh TRY. 1§9TR08, Pg}‘%’%lmﬁ@m@(\%oﬂ‘m deaqkptteries 192,

202 to be prOV|de the respective [
and an \,mrv\ <dor age svstem (170 and 172, or 200 and 202). Each alternator 104,

136 15 driven by a respective variable speed engine 100, 102 for producing a

respective first AC electnic signal. Each of the plurality of rectifiers {08, 1105
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10501 Al so when in operation., the controller is further operable to
differentially control a. speed of a plurality of engines in response to a
si gnal t O 20oreeponds to one or nore vari abl es, such a&sT/usea1006473¢i mted
to, vehicle speed, emi ssion |levels, fuel consunption, and/or equipnment life
More specifically.. the controller and sensors (not illustrated) on the
power ed system (such as but not limted to sensors collecting information,
and/ or pr oviiging; él‘m%hﬁﬂ@&un\!\k\hﬁ alrRbOHTREAOT hADQHLSURR, YRIhabl es as vehi cle
speed, enission |evels, fuel consunption, and/or equipnment life) are in
conmuni cat | BAdwHEreRPeEtive Rorlesor sietal nRye RORYY bi2 it frevspiebls BBPUERY one of
the plural ik, %%ﬁst%ﬂ@bﬂﬁére’cﬂiﬁrx@{%QOQ‘&ereEé?\ R dQ n@% J{e*lft viedieQh&s being
measured by the sensors. In another exenplary nent, controller may
control eachrodsgd hethefectifier(pl Lﬁiﬁllm\weﬁflieﬁ@f nve§17(/tﬂtlhemkh‘tcnium to no operator
I nput. 1n of gﬁﬁtﬁoh‘ﬁ%@% tt?f}fe%g By t’%‘ %8&\& M%?o%“&? o1k 89; ‘irﬂl t?m may
control sp ee ose sKi 'n the ar I'T" recogni ze t I'S may occur
in a cl osed. taoploadifi B qahatrlté@tbetmmthemmmdtt@t heh ,lhuSE\r&?Si@tr( tland each
engi ne. 0 this SP CIfIC ti.-0 t hat fol | ow,

ref erence W}}I IL’ ﬁj’%t%‘(ﬁ‘éectpégw‘e Ser-B At(eq%"g”‘tsﬁ ’ta? e“? i S’fQi 1 owi ng

meani ngs. ThetmmmguhﬂrYEonaeﬂuatﬂwjamomaﬁﬁuﬁmﬁmﬁh@tudeopkmndhmheferents

unl ess the context, ¢ i ct ot he proxi mating | anguage, as
doed her o riotr Bh Bt P disBtPr BRARiant Big ey bl Pea o
nodi fy any muantltatlve representation that could perm ssibly vary w thout
resultlnglna&h int aS|cfuct|o towhlc‘gbtlsrlated
Accordingly, G H‘o‘ifﬁ”f‘f R VAR oY Fﬁ"é‘v ROSY oghiga C 8 2/%t to be

limted to ;Ethﬁd@tﬁ @Feust@al\f@lxuﬂu?et&e@t bigthe chBrod GORE RSIANGASHe t he
approxi mating | an correspond to t he precision of an instrunent for
tr 9%&{*3% Lopatolier

measuring t¥e r duich “été*‘ eyl gy siem: gé‘ébh”éf‘i“’k deenegy e used to
identify ong,gtereBh hdu¥aRQIRETor r@RHild &8Ra0IRRE WosShsPeGLS | ed are not
meant to refer to a particular order or nunber of elements. Unless
ot herwi se syp&dthy ageyvishsaueay e KE! leaghas Al chagelegrand srcesyover 8ctri ci ty,
AC el ectri CuGHIHieM e BN adARS @xﬂ:‘i@ sIt(nF&reesttﬁrﬂlnlla\ rh%ft&hrz}'n@d AR pRldggat i ng
current electrical waveform Sintlar term DC, DC signal, DC current,
etc, all ref eﬂmrlbnfaumuur e DCur e hefeds fop fdetirzmhwtmm abﬂnloeﬁs ¥t her wi se
speci fied. bus than recﬂu @%1&&%@%@ Joue: MA’E tﬁe%ﬁrﬁus may” and "may be
indicate a possibitity of an occur P nce wthin a. set of circunstances: a
possession of a igffdcid imtheperopeinngnt. bhamartue firgel conaristumeiten;, and/ or
qual i fy anoth \ \ LESSL Q It apability,
or p055|bllqmg{%§§%3ﬁgthg Uh“‘ﬁgl da |f|£§l§nei“aﬁécor FR% ;ﬁ usage of
"may" and tﬂuywhe‘atm ndiccat esuptddad d!&(‘.ﬂum).d iof the dosemnsyiesd qupart fent | y

iohger i o ARG iR 18 e B AP ARP R v o od

term may somehd irestenotl 7 belappidpriederanapativelor lectiublt akhrlingpe exanpl e,
in sonme circunstan event or ca am(’gg/ can be. ex while in other

ci r cunmst ancEEOHEY £ V‘@n@pbf'c‘t?hﬁ R s lgacerond A “i:lf“é?lh(ttl onis

captured by the jba1MBnoiBYemidaEneniRYatReo a po“er ¢ ene{télﬁﬁ]apﬂ'ﬂ@ucf or egoi ng
exanpl es are, illustrative of some features of i nvention. The appended
claims are §ORIRSEIRAD FEPTRAI (A4 WE o AVEnt t%‘ﬂt‘%&“ﬁr”&&&t 1'% Padubblén concei ved
and the exagph&siehangl NspresertRdo@ ikl Lushs Rhd Me*aotvs Sﬁ&mw ghbodi nent s
froma manifold of all pOSSIb|e enbodi nents. Accord ? , the appended
claims are WSLEYISIHREE¥D | Tthd 73 plzgeerilat satenddt il t% eIl et on by the,
Choi ce of examphiep whb hidStor 1@@:1x‘é§%daxﬂrufﬂi@<p‘éécﬁé1ﬁ§te(hhem%{ gha)eqnpri ses”
and its grammatical variants logically also subtend and include phrases of
varyi ng andprailfotnary gl E elepitic sgeh. ABe lfe@t#heeséaﬁpleeulcm@mﬁ@mem%ttlé’d t her et o,
poons! St noneSRER AL YAl ANhE CORSE SLLIOTR Do el geRaRAY . ranges have
been supplied, anges are inclusive o ran
t her ebet vxeefrmtputtof the Rtmﬁtfe Yéﬂp*e@tiecb nhcttigalrdoamivergtigmwi h@sé)irtaﬁges wil |
suggest the ‘ r h Lp the art and,
st here not %FE(M§§ﬂ dg%gtggtghh?%%ﬁm %Vépglghqﬁp@$ym§kge Vé%ns shoul d
cover thoseconamirataiiongith the mv elt&tcr&dlesg&dwamcemelxmes&v\é‘rm:mtmmtecﬁmol ogy may
make equi val ents and substitutions possible that are not now contenpl at ed
by reason of the inprecision of lariguai.-le; these variations should be
covered by the appended clains. This Witten description uses exanples to
di scl ose the invention, including the best node, and al so to enabl e any
person of ordinary skill in the art to practice the invention, including
maki ng and using any devices or systens and perforning any incorporated
nethods The patentable 'scope of the |nvent|on |s deflned by the clalns

o b1 Y o M



.clainms. WHAT IS CLAIMED I'S: An apparatus, conpri sing: an al ternator
that is drivable by an engine for producing a first AC electric current

a rectifiwop2or/mghestrical commication with the alternaComustaw/opreeuci ng a
DC el ectric current; an inverter Melectrical conmunication with the,
rectifier for producing a second AC electric current; the second AC
electric current having an acceptabl e frequency andlor voltage, and the

inverter i nen%lcﬂf%&ﬁ &£al st&f?%ﬂ;ﬂ@@&; RO 0P D& AN alP FRei®ln Glebd@all 0OadS
responsi ve to the second AC electric current; and an energy storage,

devi ce t hatPavegr fpdbg BC é’luée*tdri?if%\aﬁlﬂy elegitiph eovy e Hie R besr Fat erempieect i fi er
andl or I Vel &lerov storage svstem may be controlled by a controller 151 or other control

svstem. The generator svstem 13 coupled to an output of a constant speed enging 130
for producing a third AC electric signal. The at least one swilch 1s electrically
comnected to the verter and 1o the generator system for selectively providing the
second and third AC electric signals, respactively, to a second electric load 156,

{0471 In any of the alorementioned embodiments, the first electric load may
be a fraction motor {meaning a motor for providing movement force), such as a
propeller motor, thrust motor. wheel motor, or the like, and the second electric load
mav be a hotel load (meaning, unless otherwise specified, a load other than a raction
motor; the hotal load may be a non-meotor foad). The power genaration apparalus may
be deploved as part of a propulsion drive configuration for a manne vessel or off-
highway vebicle.

{048]  In certain embodiments, the power generation apparatus may not
inchude an energy storage device or system. In one such embodiment, the apparatus
comprises an alternator (driven by a vaniable speed engine), a rectifier for producing
DC electricity from a first AC signal produced by the alternator, a DC bus connectad
to the output of the ractifier, an inverter connected to the BC bus for pmducmg a
second AC signal from the DO electricity present on the bus, and a [irst electiic foad
driven by the second AC signal. The first electric oad may be a traction motor or
other drive unit. In another embodiment, the apparatus further comprises a generator
svstern deiven by a constant speed enging for producing a third AC signal. A second
glectric load (e g, hotel load) 1s powerad by the third AC signal. In another
embodiment, a switch is provided to selectively connect the second electric load to the
cutput of the generator svstem (the third AC signal) or to an inverter that produces an
AC signal off the DC bus (this inverter mav be the inverter that produces the second
AC signal or an additional inverter).

{049]  The previously discussed embodiments may be applicable to such
powerad systems as a marine vessel. For example, i operation on a powered svstem,

uch as but not linuted 0 a marime vessel, low modive power may be commanded,
requested. andfor required, such as but not inuted 1o when approaching a port. dock,
another marine vessel, and/or shore. The controller 151 may respond to the low

motive power command by stopping or reducing the engine speed of only one, or



2. The apparatus of claim1l, wherein the alternator is one of a plurality
of alternators and the rectifier is one of a plurality of rectifiers, and
each al t ewpabavo4of25t he pluralit!!,, of alternators has &Ctarse@spstdé ng one
of the plurality of rectifiers in electrical COM ML111 cation therewth,
and each alternator is operable to supply a constant volt-age to the
corresponding rectifier in response to a variable speed input of an engine

coupl ed t hegglOof the variable 3peed B i RRRBAIBLHUSIA] ﬁ\l"ﬁ'e%zgp m‘(‘@ﬁfb@ﬂ:ﬁwﬁia(:h of the
plurality of alternators i s separately controllable such that differing

power |nput@“ﬂ@ﬂéa@ﬁ“@ﬁ“@H@*@ﬁW@ﬂﬁ@f@ﬁ§f%é@h&ﬂ@‘Wﬁﬂﬁﬁﬁﬂédﬁﬁmwoltage out put .
4The appari'aglg‘sld&t 1& %mé wu@‘?fﬁ{d?lokjﬂ%n%ﬁé uRePHANS: Q*?IYé 168150

el ectrical cou e rectiftier e energy storage device
conpri ses ahp@DE: mWélM@m@}m 1al pay t:femwndsnﬂT\ﬁeiralwat aithebeferied ai m |,

wherein thevgn$ﬁq¥)§ 9{§€3N93¥h§§mh§sggfctrica!Iy coupled to the

al t er nat or ar wherein the energy storage device
is electrically §_@‘€Supl%@ wentuheperaipertherontroller is further operable o

ditferentialiv control a speed of a plurality of engines in response to a signal that
corresponds to ong or more variables, such as, but not limited to, vehicle speed,
emission levels, fuel consumption, and/or equipment life. More specifically, the
controlter and sensors {not iflustrated) on the powered system {such as but not limited
to sensors collecting information, and/or providing a signal with information, about
such variables as vehicle speed, envssion levels, fuel consumplion, and/or equipment
life) are in communication wherein the controller mav control the speed of anv one of
the pluralitv ol engines in response to any one of the vanables being measured by the
sensors.  In another exemplary embodiment, controller mav control each engine of
the plusality of engines with minimum to no operator mpat. In other words, based on
a sensor reading, the controller may control speed. Those skilled in the art will
recognize that this may occur in a closed loop configuration between the controlier,
sensor, and each engine.

j031]  In #hus specification and the claims that follow, reference will be made

won

to a number of terms that have the following meanings. The singular forms "a," "an"
and "the” mclude plural referents unless the context clearly dictates otherwise,
Approximating language, as used herain throughowt the specification and clauns, may
be applied to modify any quantitative representation that could pernussibly vary
without resulting in a change in the basic function to which 1t is related. Accordingly.
a value modified by a term such as “about™ 1s not to be himited to the precise value
specified. In some instances, the approximating language may correspond to the
precision of an wnstrument for measuring the value. Terms such as “first,” “second,”
ete. are used 1o identify one element from another, and unless otherwise specified are
not meant 1o refer (o a particular order or number of slements. Unlegs otherwise
specified, the terms AC, AC signal, AC current, AC glectnicity, AC slectric current,
and variants thereof all refer to an allernating current elecineal wavelorm Similarly,
the term DC, DC signal, DC current, ete. all refer to a direct current electiical

waveform, unless otherwise specified.
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WO 2011/ 041425PCT/ US2010/ 050736 7. The apparatus of claim1, further
conprising a controller that is operable to control an engi ne speed and/ or
power outWwotoufo41426é engi ne, a switch operable to coupl epPChaSemensgy3ct or age
device to a |oad, and/or the alternator operable to produce a voltage
andlor the current that is independent of the engine speed and/or power

Qut put . 8. The apparatus of claim7, wherein the alternator is one
of a plurality gfsal tagOatRfsSn, 1RNEWRLET Mhdt: hl@l\ APPALRLYS phiithifieky conpri ses
a plurality of variable speed engines, each of which is coupled to a

cor r espondi #gcewieenst Withie agptad ehargimces. a pwwwgn olthepegiphPards- of claim 8,
furt her Conmq;a%eengmam BARAL 2B &a@%ﬁ;\eﬂ%&%m aﬁ&ew&ﬂo&%@smnal forces

to a generator Sy stem an nerator systemis opera eto produce AC
el ectrical féﬂérgwabilm or posp(di lﬁrh®oaf§p<éhah @m quflifeidaiern G\ecprdmgher conpri si ng

a DC bus ang,¢ ii* BE& EA’&' B%b’ha’t f{&ﬁu@% BUS; GE%iE dt@xgn 3 ﬁlcﬁ)&nf%' 8:%L€x£¥curre”t

fromthe rect I er curren rom anot sou

switch int ewp@éedn’ betiweetm amhmﬁ@@db.usaaandurﬁmmstorei> getwiipakkihwiads, the first
swi tch havi ng 1 l'n{n e 1 ‘1?9‘1 eqnie go !6&9[ n k3% Q Igc;[meel}eclttrel cal loads from
the DC bus Shtt"4" 464 ﬁ@ f%?%’?b éﬁeréﬁZ| 9 {ﬁe PIT ereCtrical | oads
fromthe gengpratier, &yﬁﬂem suitable. l“o»r]simnﬂlaena@ﬁamamusmaées@h alam &0, furt her
conpri sing an addi tkona L{l hﬂf\/, &e devi ce, and the additional energy
storage devi®EWSRBUPIPET® &5 éﬁ’ié %Lt“bﬁ“”“é‘yé’t“e‘rh‘-giféﬁdl%‘h ‘t‘“t“ﬁ‘é‘ first
switch is iamker pm&emlsubammemptdm &adﬁaa tehranahaeRad OYaysteor age devi ce and the
first | oads. %? The. appar at us g{k)éd ai rrLS wher ei n, &he controll er
responds to a cathrdn “FBY%%\%‘%”HW%’KB FalyE OL{BIFIPRE D PReduci ng t he
engi ne speegy&@fio@NTe QReR] e MakiabitosRar th:enghn@sasthodiRasphyral ity.

been concerved and the examples berein presented are lustrative of selected
embodinments from a manifold of all possible embodiments. Accordingly, the
appended claims are not limited to the dlustrated leatures of the invention by the
chotee of examples vtilized. As used in the claxms, the word "comprises” and its
grammatical variants logically also subtend and include phrases of varving and
differing extent such gs for example, but not limited thereto, "consisting essentially
of " and "consisting of." Where necessary, ranges have been supplied, and those
ranges are inclusive of all sub-ranges therebetween. It is to be expectad that
variattons in these ranges will suggest themselves to a practitioner having ordinary
skill 1n the art and, where not already dedicated to the public, the appended claims
should cover those variations.

{054] Advances o science and technology may make equivalents and
substitutions possibie that are not now contemplated by reason of the imprecision of
language: these variations should be covered by the appended claims. This written
deseription ases axamples lo disclose the invention, including the best mode, and also
to enable any person of ordinary skilt in the art o practice the invention, including
making and using any devices or systems and performing any incorporated methods.
The patentable scope of the mvention is defined by the claims. and mav elude other
examples that occur to those of ordinary skilf in the art. Such other examples are
intended to be within the scope of the claims il they have structural elements that do

not differ from the literal fanguage of the claims, or if they include equivalent



13. The apparatus of claim8, wherein one of the variable speed engines
provi des a non-zero, but different, anount of power, via a correspondi ng

al t er nat owp 20/ 14250pul si on notor relative to anot her ofPCrhis2manseEbé e speed
engi nes.. WD 2011/ 041425PCT/ US2010/ 050736 14, The apparatus of claim 8. NS.
herein the controller controls the energy storage device to charge from
only one of the alternators during use. 15. The apparatus of claim
wher ei Nt heyQRR:PElFREE witB hRGEHdnGal ORISnSOTRLIIREIRAORGI LSS Jior s, thrust
notors, and hotel |oads: and the energy storage device is chargeable from
an of f - board®8ur ce. 16. A system conprising the apparatus of claim
1, and further conprising a controller, wherein the apparatus provides
propul sion force and is responsive to the controller and operable to
generate electricity for onboard | oads of a marine vessel or an off-highway
v chicle. 17. The systemof claim 16, further conprising a
const ant - speed engi ne for supplying electrical energy to hotel |oads,

18. The system of claim 16, wherei #1 the controller is operable to
differentially control a speed of a plurality of engines in response to a
signal that corresponds to one or nore of vehicle speed, em ssion |evels,
fuel consunption, or equipnent life,
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19. An apparatus, conprising: a plurality of alternators each driven
by a respective variabl e speed engi ne for producing a respective first AC
el ectric WO@M1/041425 a plurality of rectifiers each in elPettuse@aloso736
conmmuni cation with a respective one of the alternators for producing a
respective DC electric signal; a DC bus connected to an output of at |east

one of the rectifiers: an inverter in electrical communication with
the DC bus §graprsadugivpgn a.second AC el ectric signal; a first
electric load in electrical conmunication with the inverter and responsive
to the second AG el edorippuraigRampriaiy an energy storage system

coupled to the D¢, . 0l I I var from the
DC bus and pr Ovﬁgﬁﬁgﬁfg&g@%ﬁl ?1;8: ﬁ%‘g V@P&h%n :Sﬁﬁk Eeﬁgcn% SELT AeechR

current;

a rectifier in electrical commumication with the alternator for producing & DC
electric current;

an inverter in electrical communication with the rectifier for producing a
second AC electric current; the second AC electric current having an accepiable
frequency andfor voltage, and the inverter i electrical compunication with one or
more electric loads responsive to the second AC electnie current; and

an energy storage device that is able to electrically couple 1o the alternator,

rectifier, andfor inverter.

2. The apparatus of claim 1, wherein the glternator is one of a plurality of
alternators and the rectifier is one of a plurality of recufiers, and each alternator of the
plurality of alternators has a correspondmg one of the plurality of reclifiers in
electrical comnumnication therewith, and each alternator 1s operable to supply a
constant voltage to the corresponding rectifier in response to a variable speed input of
an engine couplad thereto.

3 The apparatus of claim 2, wherein each of the plorality of altemators 1s
separately controllable such that ditfering power inputs to each of the altemators

rasults in the same voltage output.
4, The apparatus of claim 1, wherein the energy storage device 1s
glectrically coupled to the rectifier, and the energy storage device comprises & DC-DC

converter and a battery.

5. The apparatus of claim 1, wherein the energy storage device 1s

etectrically coupled to the alternator.

6. The apparatas of claim 1, wherein the energy storage device is

glectrically coupled to the inverter

17



WO 2011/ 041425PCT/ US2010/ 050736 20, The apparatus of claim 19, further

conprising: a constant speed engine, a generator system coupled to an
out put ofwoOhelig@nesant speed engi ne for produci ng a thi PATAS2&e64786 C
signal ; and at least one switch electrically connected to the

inverter and to the generator systemfor selectively providing the second
and third AC electric signals: respectively, to a second electric |oad:

21. An appar at us.7 CONPhk ShdAbius of claim RTuhd: ARy Al @R & vari abl e speed
engine for producing a first AC electric signal; ~ arectifier in

el ectrical Gwmaip centiobpn wistv sperd apdperagr oVPRIGH Usrepgineiadyiah DC el ectric
signal : operable to couple the energy storage device to a load, and/or the altemator operable
to produce a voltage and/or the current that is independent of the engine speed andfor

power outpat,

8. The apparatus of claim 7, wherein the aliernator is one of a plurality of
aflemnators, and wherein the apparaius further comprises a plurality of variable speed

engines, each of which is coapled to a corresponding one of the aliemators.

9, The apparatus of claim §, further comprising a constant-speed engine
for supplving rotational forces 1o a generator svstem, and the generator systam is

operable to produce AC electrical energy.

10, The apparatus of claim 9, further comprising a DU bus and a first
switch, the DC bus carrving the DC electric current from the rectifier or a DC current
from another source, and the first switch interposed between the DC bus and first
glectrical loads, the first switch having g {irst state lor energizing the first electrical
loads from the BC bus and a second state for energizing the first electrical loads from

the generator system.

11, The apparatus of claim 10, further comprising an additional energy
storage device, and the additional enargy storage device is coupled to the generator
systern such that the first switch is interposed between the addstional energy storage

device and the [irst loads.

12, The apparatus of claum &, wherein the controller responds to a
command for low motive power by stopping or reducing the engine speed of only one

ol the variable speed engines of the pluralitv.

13, The apparatus of claim 3, wherein one of the vanable speed engines
provides a non-zero, but dilferent, amount of power, via a corresponding altemator, to

a propulsion motor relative 1o another of the variable speed engines.



a DC bus connected to an output of the rectifier; an inverter in
el ectrical comunication with the, DC bus for producing a second AC
el ectri c WOgnHl/041425 a first electric load in el ectri ealr/usomodni7éat i on

with the inverter and responsive to the second AC el ectric signal
energy storage system coupled to the DC bus for controllably receiving

an

el ectrical power fromthe DC bus and providing electrical power to the DC
bus: a gengrat g %Xﬁ?ﬁm&@% @dxﬁa@en@ﬂ:e@bﬁhﬂﬁ!&x Qhirdls GENSLAPt speed
engi ne for producing a third AC electric signal; and at | east one

swi tch el ectivpgalavipe soivection ey et
for selectively providing the second and third AC electric signals,

respectively, to a second electric |oad.

15, The apparatus of claim 1, wherein the one or more electric loads
comprise propetler motors, thrust motors, and hotel loads; and the energy storage

device is chargeable from an off~board source.

16 A svstem comprising the apparatus of ¢laim 1, and further comyprising
a controlier, wherein the apparatas provides propulsion force and s responsive to the
controlter and operable to generate electricity for onboard loads of a manne vessel or

an off-highwav vehicle.

17, The system of claim 16, further comprising a constant-spead engme for

supplving electrical energy o hotel loads.

i8. The svstem of claim 1{; wherein the controller s operabla t©
c:orresponds to one or more of \:‘e.hjcle speed, emigsion. tevels, fuel cmsumptim, ot

equipment life.

19, An apparatus, ConpIsIng:

a plurality of aliernators each driven by a respective variable speed engine for

producing a respective first AC electric signal;

a plurality of rectifiers each i electrical communication with a respective one
of the alternators for producing a respective DC elecine signal;

a DC bus connected to an output of at least one of the rectifiers;

an iverter i electrical communication with the DC bus for producing a
second AC glectric signal;

a first electric load n electrical conununication with the myverter and
responsive 10 the second AC electric signal; and

an gnergy storage svatem coupled o the D bus for controllably receiving

electrical power [rom the DC bus and providing electrical power to the DC bus.

|‘}Mﬁ%\|~tﬂé§0“‘aﬁ'a‘w 8% he generator system
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200 The apparatus of claim 19, further comprising:

a constant speed engine:

a generator system coupled to an output of the constant speed enge for
producing a third AC eleciric signal; and

at least one swilch gectrically conneeted o the mverter and {0 the generalor
svstem for selectively providing the second and third AC electric signals. respectively,

1o a second electnic foad.

21 An apparatus. comprising:

an altemator driven by a vanable speed engine for producing a first AC
glectric signal;

a rectifier in electrical commumication with the alternator for producing & DC
electric signal:

a DC bus connected to an output of the rectifier;

an invertey n electrical communication with the DC bus for producing a
second AC electric signai;

a first electric load in electrical communication with the wnverter and
responsive to the second AC electric signal;

an energy storage system coupled to the DC bus for controllably receiving
electrical power from the DC bus and providing electnical power to the DC bus:

a generator system coupled to an output of a constant speed engime for
producing a third AC electric signal; and

at least one switch electrically connected {o the inventer and {o the genarator
systern for selectively providing the second and thurd AC elecinic signals, respectively.

10 a second slectric load.



