1 SHIP DRIVE SYSTEM HAVING A PLURALITY OF ELECTRIC DRIVE SHAFTS DESCRIPTION The
invention relates to a ship drive system having a plurality of electric drive shafts as claimed in claim 1,
as well as to an advantageous application of such a ship drive system as claimed in claim 16. Electric
drive systems on ships (e.g. on all-electric ships) typically comprise one or more electric drive motors,
each of winch is provided for driving one propulsion unit (e.g. a propeller) winch are fed in each case

by way o @saﬁ‘ﬁ owe the.s I
propulsréﬁlﬁgtnve\fgr ee ectregg pov{\?erwne%\?v%%ﬁﬁu%e Eyg/egr%i gr mof%%re%sqé%\ generators. In

this case the electncal power network has a voltage of predetermined fixed amplitude and frequency,
e.g. a mediumvoltage, having a rated voltage of 6.6 kV at a rated frequency of 60 Hz. A transformer
may also be connected Into the =cult between the converter and the electrical power network. The
converters convert the (where necessary down-transformed) supply voltage Into a voltage required for

Operat'o"fHEthanIéV&TBPP@é‘PQt@é’ ing,a difigrent ampliwde andfrequency from the supply voltage.

Low-voltage power-consuming loads on board a ship (e.g. navigation and control equipment, public

address Bysteml lightirtf) e stpplied By Mears ot separatel alebfital onlsdardpoveratfetwork that
typically fas a rated-voltage0fA00- Y at grated frequency of S0HZ or 449V at 80 Hz.1The electrical

onboard power network can be fed with electrical energy by dedicated electrical onboard power
network 8ystem as claimed in claim 16.

Electric drive systems on ships (e.g. on all-electric ships)
typically comprise one or more electric drive motors, each of
which is provided for driving one propulsion unit (e.g. a
propeller), which are fed in each case by way of a converter
from an electrical power network of the ship (often also
referred to as a “propulsion network”). The electrical power
network is in turn fed by one or more diesel generators. In
this case the electrical power network has a voltage of
predetermined fixed amplitude and frequency, e.g. a medium
voltage having a rated voltage of 6.6 kV at a rated frequency
of 60 Hz. A transformer may also be connected into the circuit
between the converter and the electrical power network. The
converters convert the (where necessary down-transformed)
supply voltage into a voltage required for operation of the
drive motors and having a different amplitude and frequency

from the supply voltage.

Low-voltage power-consuming loads on board a ship (e.g.
navigation and control equipment, public address system,
lighting) are supplied by means of a separate electrical
onboard power network that typically has a rated voltage of
400 V at a rated frequency of 50 Hz or 440V at 60 Hz. The
electrical onboard power network can be fed with electrical

energy by dedicated electrical onboard power network



generators Independently of the propulsion network. Alternatively the electrical onboard power network
can be supplied from the propulsion network by way of an electrical onboard power network converter
and where necessary a transformer. The electrical onboard power network converter, in combination
with the transformer where necessary, converts the voltage of the propulsion network Into a voltage
having the amplitude and frequency of the electrica% onboard power network. A great advantage of this
solution is that baccklash. nfgaecgsércl)a th%lpro%tgsidagetwork cluseitcc)) suddcevpolg%d shocks (e.g. when a

propellerqi?trsleoru? of the waterand is relmmersed in h%]é(\j/?%eas) can be avoided by means of the

converteNftlwimteiwdlirné:ﬁs@or@jewnh'aqmlnmehsapaﬁelydmge dasp)awivyE.Mpmpfrbm many other
advantaggse Boueuet ihese Aiveancerts bav e dispduantags hat ey [aute comparatively

large nu of converters for converting the voltage in the ion network, with corresponding
space requireraeatseatEosts tA durtherdknowit electricclriveesstutisiewirehiianages without

convertets,of said iype; consists n caunling.he ganetaters apd the,diye motorsiip each other withou

intermediately connected converters. In a drive solution of said type, one or more speed-variable drive
motors withoGPRtarhrddigRlyédriheehe] EoTRRETiers AR operated BRECRARIH thesPBIVRE-Sf variable

amplitude qadvariable-frequency thatis genesatedy,ene.on mose speed-varable generators. The
open- and/or closed-loop control of the motors and consequently of the propulsion units is therefore
accomplish&d #threcty By means sFopEiand?dr dBse®istptorftrol oP tHeP3 fifteRf2I @8mbustion
engines for driving the generators. In this case the drive motors are permanently electrically coupled to
the generators, i.e. a rotational movement of the generators effects a correspondingly proportional
rotational movement of the electric drive motors. The function of a mechanical shaft is therefore

replicated wjthethe aidiof lestric machines. Adlrive selution afithis type is iequentlyseferreshto as an
"electric shaft". It is also known here to couple out electrical energy from the electric shaft by way of an

electrical Qb dar@ Bowet ARtk EohteBran® where RBceSély AtPssforhterdi e A5 Bletrical

onboard pewies netvorkiconyeder, in corbinatiopayithadransformetfndiese mecassarnyygonverts the
voltage of variable am%litude angovir;gble fre%uenc oL nerated by the genera or(slinto a voltage
st 0

having cSistant amplitdde AA'¢ ht iFSGtieRcy fordifefeRitial 6Rtoart power Hetwork.

is dimensioned with a commensurately large capacity. Apart
from many other advantages, however, these drive concepts have
the disadvantage that they require a comparatively large
number of converters for converting the voltage in the
propulsion network, with corresponding space requirements and

costs.

A further known electric drive solution which manages without
converters of said type consists in coupling the generators
and the drive motors to each other without intermediately
connected converters. In a drive solution of said type, one or
more speed-variable drive motors without intermediately
connected converters are operated directly with the voltage of
variable amplitude and variable frequency that is generated by

one or more speed-variable generators.

The open- and/or closed-loop control of the motors and
consequently of the propulsion units is therefore accomplished

indirectly by means of open- and/or closed-loop control of the



Multihulled vessels such as e.g. catamarans or trimarans capable of speeds in excess of 40 knots are
particularly suitable for express ferries and navy applications in which high speeds are important. They
enjoy increasing popularity for that reason. For propulsion purposes these vessels have waterjets, for
example, which are mechanically coupled directly tg diesel engines or gas turbines and are driven by
the latter. The mechanical direct drive does however lead to vessel design constraints which prevent
the vessel eing, designed in an aptimal manner (in respect, inter lia, of hvdsodynamic and
functlonajﬁty aspects). it'is therefore the oBJect of the presentinvention to disclose a ship drive system
- suitabletinipartiadar forhigh-speed mudtittilledevesseisaveich is elaracterized by 4 high levels of

fault tolerance and energy efiiency.and alows an optimal vesss] desian, Jinsiqbiegt issuccesstully

achieved by means of a ship drive system as claimed in claim 1. Advantageous embodiments of said
ship drive epsteataresthelsibject matterof SiaimR 2 oly. & particulary adyvantageocusiapplication of

the ship drive.system s the subjectmarter gt ¢laim 16, A,ship drjye system ageqrding to the invention

comprises at least a first and a second electric drive shaft, each of winch is provided for driving a
propulsiGheGHie i partictiisr Biwaterjet syikdrelite P of thete@ectrie drive shafts Coffprises at least one

speed-varigble generatondriven by.an; intemal compustion, enginefor ggperasl. ¢ 1:14,a matgr voltage
having variable amplitude and variable frequency, and at least one speed-variable drive motor
supplied FAthedaid thotbr Faltatfe arfd 86ipléd t6 a3drbpulsion unit. In this arrangement the first and the
second drive shaft can be switched from a first opera-L.11-1g state in winch they are electrically
decoupled from each other, to a second opera-L.11-1g state in winch they are electrically coupled to

each othéFin'suchle Walth4ta ansfel of BRBRYY catPiakB Piader fromithe 2 T6ast bhe®eneFator of
one drive-shaft toi thesatdeastionedriveomotar of the otherdrivershalird power network

converter and where necessary a transformer, i.e. an
electrical onboard power network converter, in combination
with a transformer where necessary, converts the voltage of
variable amplitude and variable frequency generated by the
generator(s) into a voltage having constant amplitude and

constant frequency for an electrical onboard power network.

Multihulled vessels such as e.g. catamarans or trimarans
capable of speeds in excess of 40 knots are particularly
suitable for express ferries and navy applications in which
high speeds are important. They enjoy increasing popularity
for that reason. For propulsion purposes these vessels have
waterjets, for example, which are mechanically coupled
directly to diesel engines or gas turbines and are driven by
the latter. The mechanical direct drive does however lead to
vessel design constraints which prevent the vessel being
designed in an optimal manner (in respect, inter alia, of

hydrodynamic and functionality aspects).

It is therefore the object of the present invention to
disclose a ship drive system - suitable in particular for

high-speed multihulled vessels - which is characterized by



Compared to mechanical direct drives, the use of electric drive shafts results in much greater creative
freedom in terms of vessel design, since the internal combustion engines can be arranged, not in
proximity to the propulsion units, but separated therefrom at another location in the vessel.
Advantages are also gained in comparison with converter-fed diesel-electric drives, since the omission
of the converters 5 results in space and weight savings, winch is Important in particular in imp-speed
muItIhuII(%dl v%sslel%_ éljl_%h a et%ﬁlﬂa@g&aensa%ncdetrgn%{agg.e 'Ehe pgﬁtl)i(ljigye%f Ctrargsirfl%rring electrical
energy fronT one drive shaft to the other in the second operatlr%/state means that in the event of an
energy genérationdailuretinoae oftlse dlivelshafis the energy can be supplied by the at least one
generator of the other drive shaft. This enables a high level of fault resilience of the vessel to be
achieved, winch is Important in particular for navy vessels. Furthermore, the overall energy
consumpliohofehe ship drivessystan canlbeyoptithizede sinee imemnipwspeediahgedforiexample, in

winch the Intemal cambystion engines eperate atglatively poor effisiency; the energy generation of

one drive shaft is intentionally switched off and the electrical energy required for operation of its drive
motors isS§éeratedvand rahsferrihytoite 6PRMUTE Geheldiors ¢fthe biiddrivetshalto Ackording to a

paftiCU'%)é?Q!%‘?J@Q?Q#/S Q&%@Hﬁ%@%@éh%ﬂ@’ﬂ%@ﬁi@@ sfip drive sysiemyaddiionglly cgmprises a
o

third electric drive shaft for driving a further propulsion unit, in particular a waterjet, wherein the third
drive shafcomprisedateastBrie-sgecttvarabld gkherator driven by an internal combustion engine
for generating a motor voltage having variable amplitude and variable frequency, and at least one
speed-variable drive motor supplied with said motor voltage and coupled to the further propulsion unit,

and whefeirt SRSt ANE tie fHirNdVe Sttt 84h be swWithéa Yo A RstoPEtating Staté in which they

are electrieally:decogplestframeachsethendo a1secondoperating stater in, whigchrthey arg elestrically
coupled to each other in such a way that a transfer of energy can take place from the at least one

generatol Bf BRE WHIE Shhft fo Uie K RAsfoRe gfve S o Unit, 1in particular a

waterjet, wherein each of the electric drive shafts comprises
at least one speed-variable generator driven by an internal
combustion engine for generating a motor voltage having
variable amplitude and variable frequency, and at least one
speed-variable drive motor supplied with said motor wvoltage
and coupled to a propulsion unit. In this arrangement the
first and the second drive shaft can be switched from a first
operating state in which they are electrically decoupled from
each other, to a second operating state in which they are
electrically coupled to each other in such a way that a
transfer of energy can take place from the at least one
generator of one drive shaft to the at least one drive motor

of the other drive shaft.

Compared to mechanical direct drives, the use of electric
drive shafts results in much greater creative freedom in terms
of vessel design, since the internal combustion engines can be
arranged, not in proximity to the propulsion units, but
separated therefrom at another location in the vessel.
Advantages are also gained in comparison with converter-fed

diesel-electric drives, since the omission of the converters



motor of the other drive shaft. This enables the propulsion force (and hence the maximum speed of the
vessel, for example), fault tolerance and energy efficiency to be Increased even further. The at least
one generator preferably has a superconductor winding, in particular a high-temperature
superconductor (HIS) winding. The superconductor_.winding can be a stator winding or a rota-L.11-1g
rotor winding of the generator. Compared to conventional machines, generators Implemented on the
basis of supereonduglor technology have a greater.nower densiy,(1.¢. powstin felation to the
installation V(L)Jlume). Even more Tarreact-11 -1g optlm?za’tions In vessel dtg]glgn are possible as a result.
Gig/en theesame dtige Inputipoyers threemaximumispeédandéordeadingwapasity of the vessel can be

Increased thanks to the comnaraively lowerweioht, Mqigoyer, & generator haxing;a superconductor

winding typically has a much greater magnetic air gap betweenrotor and stator compared to a
conventiedal ¢eheratdr withoatsupertordictormwineirg ahis isrineipaiiybecalse the

superconguctor s 8?8'1?9&%@9@859& ayacyum gfypstaf o =it Lapling deyjcewnosg wall structure

runs in the air gap. The effect of the relatively large magnetic air gap is that the generator has a much
lower syEHrBaGIS feactaicethan dcoiventibnalngeritrator. Coasequehtly apdIIgesérator has a

considerghly stiffgh ¢wrent,vs, yaltage gharacteristic cune for the samerglectrigal.poyvercompared to a
conventional generator. As a result there is no dip in the voltage generated by the ég{enerator in the

event of 8bftipE chahges FrBad ¥F stidBeéd oaPsifocka T VoRage ahd freqligREE fiGdtuahiSns in the
electric shaft£an hereducedthereby., Ageardinglys nogRmplex andexpensive clasedelopp control

means is required for the electric shaft in order to stabilize the voltage of the drive 7 shaft and the

speed of tRE WriVE HiGtbRs oF ofthBPrEFdISion difit. FHRE At fefst BREUrveTMBIP Bisorhasa
supercondustayvipdingi ineparisulan adightempgerature-supereanductam(Hi g} windingdkean be
embodied as an extremely high-powered and high-torque motor with a small design footprint, which is
important ' F&ticdI8F 16 HRgR-SPeed Ve¥deiS Bubh Gs 1§ SCltAmaraiard ritiRache 1 Thé
supercongustortiwindingris preferahly agotatingfrotor winding, sincedn heylaties case theosurface
requiring g be cooled can be kept smaller han,in the pase of 8 3upsroonducior siator winding

electrical energy required for operation of its drive motors

is generated and transferred by one or more generators of the

other drive shaft.

According to a particularly advantageous embodiment of the
invention, the ship drive system additionally comprises a
third electric drive shaft for driving a further propulsion
unit, in particular a waterjet, wherein the third drive shaft
comprises at least one speed-variable generator driven by an
internal combustion engine for generating a motor voltage
having variable amplitude and variable frequency, and at least
one speed-variable drive motor supplied with said motor
voltage and coupled to the further propulsion unit, and
wherein the first and the third drive shaft can be switched
from a first operating state in which they are electrically
decoupled from each other, to a second operating state in
which they are electrically coupled to each other in such a
way that a transfer of energy can take place from the at least

one generator of one drive shaft to the at least one drive



The coupling of the drive shafts can be accomplished in a particularly low-loss manner by means of an
electric line connection which preferably includes a superconductor, in particular a high-temperature
superconductor (HTS). According to a particularly advantageous embodiment the second and the third
drive shaft serve as the main drive for a lower speed range of the vessel (e.g. from zero to 30 knots)
and the first drive shaft on its own or in combination with the second and the third drive shaft serves as

the main_drive for a higher speed ragnge up to the maximum_ s of the vessel (e.g. up to 45 knots).
I ths eSS 188 1R B B hor bhge SRS Frok five SHATLS BV e Rt Srbodied a3 o
gas turbifie and the intehral combustion ehgimesuftke secoridiand ¢ves third drive shaft are

advantageouslyebodied s deselenaines, & The s ddve sysiemprcleraply comprises an

electrical onboard power network converter winch is supplied with the motor voltage having variable

amplitudé apdaasiablefrequentytdfone of the drive shafts and winch converts said motor voltage into
a voltage having constant amplitude and constant frequency for an electrical onboard power network.
Particular advantages are produced here if the at least one generator of the drive shaft has a
supercondiRtcriwihemgrariti ot Riently thedfve SR 15 Eidtactefized by padiealar stiffness. On

account gfithe aygidance of voltage and frequancy diyctuations ondhe electricghaft owingrto the
stiffness of the characteristic curve of the generator or generators It is then also possible to avoid
impermiséiBle fugtuatibhs i PRI Yetrerdted by the Eecthi€alnboak® poer Aeffork Eonverters

and consequgptly safety-shutdowns of the slectrical gaheargdpowerngtworc gonverter or an
overdimenslonifg of the electrical onboard power network converter. In order to achieve a further

Increase 57 fAft {olétaAce THEEHIP Wive X526 tah ST EdRBRSE adirselcbficRFdHodtd power
network eemeries nieh isrsupplisd wituthermotor yoliage bavingsasiable-amplitide and variable
frequency of the second drive shaft and which converts said voltage into a voltage having constant
amplitud® AR@cohtdrt TrRbb8Rcy for @ irst BREfHcHT bhBdardPoiér submétilofk® Afid Bdecond
electricalrenhbaard gowet neiwerkiconyertar whichds stppliethwithdhe spiopveltage having variable
amplitude and_variable frequency of the (%hir,d drive shaft and which converts, said volt%%e into a voltage

having coistARtampitiae andcoiatant teqliensy ¥ot'a SEX5HY eletfricAFSnBoRtd Howet subnetwork.

and/or loading capacity of the vessel can be increased thanks
to the comparatively lower weight. Moreover, a generator
having a superconductor winding typically has a much greater
magnetic air gap between rotor and stator compared to a
conventional generator without superconductor winding. This is
principally because the superconductor is cooled by means of a
vacuum cryostat or a similar cooling device whose wall
structure runs in the air gap. The effect of the relatively
large magnetic air gap is that the generator has a much lower
synchronous reactance than a conventional generator.
Consequently an HTS generator has a considerably stiffer
current vs. voltage characteristic curve for the same
electrical power compared to a conventional generator. As a
result there is no dip in the voltage generated by the
generator in the event of abrupt changes in load or sudden
load shocks. Voltage and frequency fluctuations in the
electric shaft can be reduced thereby. Accordingly, no complex
and expensive closed-loop control means is required for the

electric shaft in order to stabilize the voltage of the drive



9 In this case the level of fault tolerance can be raised even further in that the two electrical onboard
power subnetworks can be coupled to each other. According to a further advantageous embodiment
the ship drive system comprises at least one additional electrical onboard power network generator for
supplying the electrical onboard power network or an electrical onboard power subnetwork with a
voltage having constant amplitude and constant frequency. This enables the voltage supply of the
electrical %nbjptard F(%wﬁetr] gegworg Jo Oblg ecrf]seur%d even whcen theoerle(_:otcﬁic 1flige shaft iﬁgvivicg%hed off (e.g.

in port) or when all of the gen%?ator power of t & drive shaft is required for drit\j/}:ncfgpﬁlurposes. If the at

least oneugerterator of the drive shaft can optionally be driven either at a fixed or at a variable
frequency by the internal combustion engine driving it, further potential uses are opened up for these
components. For example, the at least one generator can be used for supplying power to other
vessels i port Acesrdiss f5-a pasticlifarieadvamageduscembedisnentiieg drvelshaft can be switched

from an operatiny sta{%i%%{cbctaw least one generator of the drive shaft is gleciricaliyregupled to

the at least one rive motor of the drive shaft without an electrical onboard power network converter
being int&ipeded InerebefifderP@néHendistes avoitage ot varasls dmpiitudewagseqguedcy, to an

operating,state inwhich the &t least one generater ghthedrive shaftiselectijgally.coupled to the at
least one drive motor of the drive shaft by way of an electrical onboard power network converter, the
electrical’dtibvard pbwer nedwdrk CohvértéPgeherating Barsitaye ot vafiablé“dmpftufie @nd frequency.

catamarans and trimarans.

The superconductor winding is preferably a rotating rotor
winding, since in the latter case the surface requiring to be
cooled can be kept smaller than in the case of a

superconductor stator winding.

The coupling of the drive shafts can be accomplished in a
particularly low-loss manner by means of an electric line
connection which preferably includes a superconductor, in

particular a high-temperature superconductor (HTS).

According to a particularly advantageous embodiment the second
and the third drive shaft serve as the main drive for a lower
speed range of the vessel (e.g. from zero to 30 knots) and the
first drive shaft on its own or in combination with the second
and the third drive shaft serves as the main drive for a
higher speed range up to the maximum speed of the vessel (e.g.

up to 45 knots).

In this case the internal combustion engine of the first drive
shaft is advantageously embodied as a gas turbine and the
internal combustion engines of the second and the third drive

shaft are advantageously embodied as diesel engines.



10 It is then possible to switch from the first operating state that is present in a normal mode of
operation for small speed requirements placed on the Internal combustion engine for driving the
generator, in particular for speed requirements that lie below a minimum speed requirement of the
Internal combustion engine, to the second operating state in which the electrical onboard power
network converter is connected to the electric drive shaft, lie. is Inserted Into the electrical connection
betweenme at heast Qne generator, %nd E,heef%trle% t onceo%rivrel gnénéora%‘ tgﬁ edéigg 1589 . By means of the
electrical onboard 1[E)ower hetwork converter and where negessary one or more transformers the drive
motor canrther be fedwdth axethimgscwhiohvraste fowerifréguencyuban frredvoltage dgérerated by the

generatap the dyys moler ean thep drbvethe progyisionyitata relalively piah toraue,gyen at low
speeds. This means that no variable-pitch propeller is necessary for low speeds, but Instead a
fixed-pitchipropellericamise dsed cAlmraatively afdidr ivhdditiorethesdrieishafodarbe switchable

from an qperating state in whichithe at least one generator, of the drive shaftis elegtrically,coupled to

the at least one drive motor of the drive shaft without the electrical onboard power network converter
being IntéfsFeatRerebetiveéén ang gehéraés aniohage P vafabRAMpPlittde Bad Fictubhty, to an

Qpefaﬁr‘_gaa%%%\?{@'@hat% electrical onbeard.pewer petwark or glectrical onbaard;power,subnetwork
is electrically coupled to the at least one drive motor of the drive shaft by way of the electrical onboard

power netiridédrirerrathe diéctriealontvard power AetoR tonverergsmaraging aVoltage of

variable amplityde.andstrequency. Asaresult the dgve mefopgan likewise diive the prepulsign unit 11
with a relatively high torque at low speeds. In the event of a failure of the generators of the electric

shaft the¥five'btor EahtGrtRdiGte He s ip|iga fict thé B ctricaf BRBGA dpdirérifétwone By virtue
of the afgyementioned agdvantages the swengon ds suitable infpardisylas forduse in a multihulled vessel,
in particular in a catamaran or a trimaran. o

characteristic curve of the generator or generators 1t 1s then

also possible to avoid impermissible fluctuations in the

voltage generated by the electrical onboard power network

converters and consequently safety shutdowns of the electrical

onboard power network converter or an overdimensioning of the

electrical onboard power network converter.

In order to achieve a further increase in fault tolerance the
ship drive system can also comprise a first electrical onboard
power network converter which is supplied with the motor
voltage having variable amplitude and variable frequency of
the second drive shaft and which converts said voltage into a
voltage having constant amplitude and constant frequency for a
first electrical onboard power subnetwork, and a second
electrical onboard power network converter which is supplied
with the motor voltage having variable amplitude and variable
frequency of the third drive shaft and which converts said
voltage into a voltage having constant amplitude and constant

frequency for a second electrical onboard power subnetwork.



The invention and further advantageous embodiments of the invention in accordance with features of
the dependent claims are explained in more detail below with reference to exemplary embodiments
illustrated in the figures, in winch: FIG 1shows a first exemplary embodiment of a ship drive system
according to the invention, FIG 2shows a current vs, voltage characteristic curve of an HIS generator
upon application of a load, FIG 3shows a second exemplary embodiment of a ship drive system

accordlngl;[lo mieilgvggtslz%n lc%aeflisé[\(?gfr%-%'ltlé%g’gtactgierance can be raised even
further in that the two electrical onboard power subnetworks

can be coupled to each other.

According to a further advantageous embodiment the ship drive
system comprises at least one additional electrical onboard
power network generator for supplying the electrical onboard
power network or an electrical onboard power subnetwork with a
voltage having constant amplitude and constant frequency. This
enables the voltage supply of the electrical onboard power
network to be ensured even when the electric drive shaft is
switched off (e.g. in port) or when all of the generator power

of the drive shaft is required for driving purposes.

If the at least one generator of the drive shaft can
optionally be driven either at a fixed or at a variable
frequency by the internal combustion engine driving it,
further potential uses are opened up for these components. For
example, the at least one generator can be used for supplying

power to other vessels in port.

According to a particularly advantageous embodiment the drive
shaft can be switched from an operating state in which the at
least one generator of the drive shaft is electrically coupled
to the at least one drive motor of the drive shaft without an
electrical onboard power network converter being interposed
therebetween and generates a voltage of variable amplitude and
frequency, to an operating state in which the at least one
generator of the drive shaft is electrically coupled to the at
least one drive motor of the drive shaft by way of an
electrical onboard power network converter, the electrical
onboard power network converter generating a voltage of

variable amplitude and frequency.



FIG 4shows the exemplary embodiment from FIG 3 in a first special opera-L.11-1g state, and FIG
5shows the exemplary embodiment from FIG 3 in a second special opera-L.11-1g state. A ship drive
system 1 according to the invention as shown in FIG 1 comprises three electric drive shafts 11, 12, 13,
e;ach o_f which is provided_ for driving a pro_pulsion uert in the fc_)rm of a waterjet (yvaterjet drive) 2._ The
first drive shaft 11 comprises a speed-variable generator 4 driven by a gas turbine 3 for generating a
motor voltage of

It is then possible to switch from the first operating state

that is present in a normal mode of operation for small speed

requirements placed on the internal combustion engine for

driving the generator, in particular for speed requirements

that lie below a minimum speed requirement of the internal

combustion engine, to the second operating state in which the

electrical onboard power network converter is connected to the

electric drive shaft, i1.e. is inserted into the electrical

connection between the at least one generator and the at least

one drive motor of the drive shaft. By means of the electrical

onboard power network converter and where necessary one oOr

more transformers the drive motor can then be fed with a

voltage which has a lower frequency than the voltage generated

by the generator. The drive motor can then drive the

propulsion unit at a relatively high torque even at low

speeds. This means that no variable-pitch propeller is

necessary for low speeds, but instead a fixed-pitch propeller

can be used.

Alternatively and/or in addition, the drive shaft can be
switchable from an operating state in which the at least one
generator of the drive shaft is electrically coupled to the at
least one drive motor of the drive shaft without the
electrical onboard power network converter being interposed
therebetween and generates a voltage of variable amplitude and
frequency, to an operating state in which the electrical
onboard power network or electrical onboard power subnetwork
is electrically coupled to the at least one drive motor of the
drive shaft by way of the electrical onboard power network
converter, the electrical onboard power network converter
generating a voltage of variable amplitude and frequency. As a

result the drive motor can likewise drive the propulsion unit



12 variable amplitude and variable frequency, and a speed-variable drive motor 5 supplied with said
motor voltage and coupled to a waterjet 2. The second and the third drive shaft 12, 13 each comprise
a speed-variable generator 4 driven by a diesel engine 6 for generating a motor voltage having
variable amplitude and variable frequency, and a ed-variable drive motor 5 supplied with said
motor voltage and coupled to a waterjet 2. In the caSe of the drive shafts 11, 12, 13, a generator 4 and

a drive motor 5 are in each case electrically connected to one another_by way of a busbar.7._The
e B R B S B T B g e
switch 9 ireedcirease. Thechuysbae 7odrmd thecswitdie s<dl axetpart ok shd tethigeal 81 The busbar 7 of

the first drye.shafL-LL e s, 6ase e conpested byaay ot a ing conpegtion 14 fa e busbar 7 of

the secon aft 12 and by way of a line connection 15 to the busbar 7 of the third drive shaft 13.
The line eomsactionsW4r k5 are connected to the busbar 7 here by way of a switch 16 in each case.
The first drive shaft 11 can optionally be coupled to the second and/or the third drive shaft 12, 13 by
way of the line connections 14, 15 and the switches 16. A mechanical transmission can also be
connecte®lin‘aldiditith Isétween @ §ernerator4 ang the gas furbiRes3 bhdiesBrengine® driving it, as well

as betwegnthgyaterjet 2,and the, diive mator,3 drivingt. Furthermere, dhe drive shaits 11, 12, 13 can
also comprise a plurality of generators and/or drive motors Instead of just a single generator 4 and

dﬂvernoRﬁ??ﬁQ¥%ﬁFba§%.a catamaran or a trimaran.

The invention and further advantageous embodiments of the
invention in accordance with features of the dependent claims
are explained in more detail below with reference to exemplary

embodiments illustrated in the figures, in which:

FIG 1 shows a first exemplary embodiment of a ship drive
system according to the invention,

FIG 2 shows a current vs. voltage characteristic curve of an
HTS generator upon application of a load,

FIG 3 shows a second exemplary embodiment of a ship drive
system according to the invention in a first operating
state,

FIG 4 shows the exemplary embodiment from FIG 3 in a first
special operating state, and

FIG 5 shows the exemplary embodiment from FIG 3 in a second

special operating state.

A ship drive system 1 according to the invention as shown in
FIG 1 comprises three electric drive shafts 11, 12, 13, each
of which is provided for driving a propulsion unit in the form

of a waterjet (waterjet drive) 2.

The first drive shaft 11 comprises a speed-variable generator

4 driven by a gas turbine 3 for generating a motor voltage of



13 The voltage of variable amplitude and variable frequency generated by the generators 4 of the
electric drive shafts 12, 13 is additionally used by way of a transformer 21 in each case to operate an
electrical onboard power network converter 22 which converts said variable voltage Into a voltage
having constant amplitude and constant frequency. er an electrical onboard power subnetwork 20 in
each case. Low-voltage powerconsul-ling loads ofjthe vessel (e.g. navigation and control equipment,
public address system, lighting; not shown in further detail) are supplied from the electrical onboard
power subnetwor ezoé%qeleklégcdt?icgpgngoaarré %%)%veer]gﬁ%ﬁgtev&loc& ’20%%?03”3? has <§ rated voltage of
400V at a zateddregueéncy of B0 tHz0L440% 1t 66 Hzy The tdwiclecwicaontdard powerdubnetworks

20 can be &%HE@ tgoea§hmpatlegrrg)é¥vay.of switches 23, with the result that it is possible to supply both
electrical onboard power subnetworks 20 even in the event of failure or shutdown of one of the two

drive shafts 12, 13. An additional port generator 25 driven by an Internal combustion engine 24 in each

case is usgd, preferallydyway of adawnsireams copnected conyerter (ot shigwn jn further detail), to

supply an electrical onboard power subnetwork 20 in each case or the electrical onboard power
subnetw&iRS 2B -ctupled troRe ARGHe? With & voltaje Ravirg CoASAt arplittkictarddEonstant

frequencywhenelegticshafis 12, J31are switched off, for.example whenithgesselds in port and no

driving power is required or when all of the output capacity of the generators 4 is required for the
driving fufttéR theaddifsi &RdBr aRehatively Sié eledtizalenisbatd Hottet StibRetworks 20 can also

be fed bysmeansof a,patiery. o By maeans offueberllsinstead nf ythe post generatpr 25, 14 In the

normal mode of operation the ship drive system 1 is in a first operating state in which the switches 9
are closed and the switches 16 are open.

In the case of the drive shafts 11, 12, 13, a generator 4 and
a drive motor 5 are in each case electrically connected to one
another by way of a busbar 7. The connection of the generators
4 and the drive motors 5 to the busbar 7 is effected here by
way of a switch 9 in each case. The busbar 7 and the switches
9 are part of a switchgear 8. The busbar 7 of the first drive
shaft 11 can in this case be connected by way of a line
connection 14 to the busbar 7 of the second drive shaft 12 and
by way of a line connection 15 to the busbar 7 of the third
drive shaft 13. The line connections 14, 15 are connected to

the busbar 7 here by way of a switch 16 in each case.

The first drive shaft 11 can optionally be coupled to the
second and/or the third drive shaft 12, 13 by way of the line
connections 14, 15 and the switches 16.

A mechanical transmission can also be connected in addition
between a generator 4 and the gas turbine 3 or diesel engine 6
driving it, as well as between the waterjet 2 and the drive
motor 5 driving it. Furthermore, the drive shafts 11, 12, 13
can also comprise a plurality of generators and/or drive
motors instead of just a single generator 4 and drive motor 5

in each case.



The drive motors 5 are operated by means of the voltage having variable amplitude and variable
frequency generated by the respective generator 4, without an intermediately connected converter.
The open- and/or closed-loop control of the rotational speed of the drive motors 5, and hence of the
waterjets 2, is therefore accomplished indirectly by. means of the open- and/or closed-loop control of
the gas turbine 3 or of the diesel engines 6 for driving the generators 4. A rotational movement of the
gas turbi@ge?, or ciftthe dieosgl engingg]?é and cpnse %erglr}/dofvtgg nerators 4 %ccordingly effects a

correspon ngyopro%%?tional Totational mévement of the motors 5. The func |g'H of a’mechanical shaft

is ther_efcgenreplmw W}'fchtthe ameofeaettpicanécmrﬁe&hﬁmeaé@cvﬂdimdim'e\n@irdkmwe$hhﬂ,12, 13
serve in (s gase, 8 1e el v, [or 2 lowa spesd range of (heuersel (2,0.,up (0,30, knots) and the

first drive shaft 11 on its own or in combination with the second and the third drive shaft serves as the
main driveafoe atifigleerespeied range Lpatbhe aaximpnrspeapofthenfisselfe. ¢ 45/RIGISY. The

output capacity of ihe.diesel engines rangesifopexamplefiom 1 MW to 20 MW, dn padicplar is equal to
10 MW, and that of the gas turbine ranges from 5 MW to 30 MW, in particular is’equal to 20 MW. The

generatof$ 4 Hré iniothed hefeas BYncHBadES mabhfféssisving & forating HiSHiel¢ dinding (1.e. an

HIS winding,in-thg retark Machines ghsaid iﬁop%ha\é%éﬂo%ﬁé@@h@WU%Q%@F@@C%%Q therefore great
stiffness in then- current vs. voltage characteristic curve. By way of example, FIG 2 shows 15 in this

regard tHeChafEdRAsHCEGTeVF a-dyhchroiits géhefator haviRyta fitafimy HFS fiefkPwinding and an
output capacityRt AOOkWifor the gage-aktheapplication ofa fulhload from zgeq,to 380kW. A machine

of said type has for example a synchronous longitudinal reactance xd = 0.15. As can be seen from the

shape of tHé thREnfE Y2 tandthie VoRRgE REnver 0T n & BfpsSihGRé Voltade DPEQRUF WHRAIRE load is

connectegh vt theszaurb at. timgdz Mes-demenstrates she @xisemely stable-epryating sesponse of such
a machine even under extreme fluctuations in load. As a result there are no noticeable backlash

effects ofi e fifbut Voltage 8f tie &8t aisoard pohtY retwarkicorvererER flhe &fent of

abrupt load shecks-on the pad of thewatarneis {as maydea: edused egobuhenvwycseas). The electrical
onboard power network converters 22 can therefore be equipped with much lower dynamic reserves
il 1S witioGEAIS AT §

than whern E8Hveltonal syhchfdhots madhingS withoGe fig Ave UI8&d 35 geléraidisin the

drive shaits,11y12h 18hEuttkenmarer acompleX ang @xpebsive ctoseddpa contral system for

stabilizing the speed (or valtage and frequengy) of the,respsgive, drive molgr.5 ar,wateriet 3 can be
dispensed WIth i the drive Shafts fl,vi , 13,
failure or shutdown of one of the two drive shafts 12, 13.

An additional port generator 25 driven by an internal
combustion engine 24 in each case is used, preferably by way
of a downstream-connected converter (not shown in further
detail), to supply an electrical onboard power subnetwork 20
in each case or the electrical onboard power subnetworks 20
coupled to one another with a voltage having constant
amplitude and constant frequency when electric shafts 12, 13
are switched off, for example when the vessel is in port and
no driving power is required or when all of the output
capacity of the generators 4 is required for the driving
function. In addition and/or alternatively, the electrical
onboard power subnetworks 20 can also be fed by means of a
battery or by means of fuel cells instead of by the port

generator 25.



It is advantageous if the drive motors 5 are also embodied as high-powered and high-torque
synchronous machines having a rotating HIS field winding (i.e. an HIS winding in the rotor). For special
operating situations it is possible, by closing the switches 16, to switch the first drive shaft 11 and the
second drive shaft 12 as well as the first drive shaft 11 and the third drive shaft 13 from a first
operating state in which they are electrically decoupled from each other, to a second 16

opera-L.11-1g state in winch they are electrically coupled tq each,other in such a way.that a transfer of
energy ch A pLER o N Be e SEC dHLS S e A ks b ot he oter drive
shaft. It is furthermore possibledalst 46 ¢ransferiehergycbetweehtthesecénd aaddhe thicd drive shaft
12, 13 by way of the busbar 7 ggtgeofg t drive shaft 11. By this means It is possible on the one hand to
supply energy to a drive shaft even in the event of a failure of its energy generators (1.e. gas turbine 3

or diesel engine 6), thereby enabling a significant Increase in the level of fault resilience, in particular

for navy yessels. Qa theetties hand fhe spetay.can b gensrated gocarding. pueguiramenta,using

precisely as many energy generators as necessary to ensure these will operate at a good level of
efficiency irart Bperaa A1 11 B6ink ISy richEG2iRg the amisiitgde, IRRIERES Andlphale of the voltage

generatedhyihegeneraors ¢ alsp-enablgs adrive matorp-to.he fed-simifapeously. py generators 4
of different drive shafts.
converter. The open- and/or closed-loop control of the

rotational speed of the drive motors 5, and hence of the
waterjets 2, is therefore accomplished indirectly by means of
the open- and/or closed-loop control of the gas turbine 3 or
of the diesel engines 6 for driving the generators 4. A
rotational movement of the gas turbine 3 or of the diesel
engines 6, and consequently of the generators 4, accordingly
effects a correspondingly proportional rotational movement of
the motors 5. The function of a mechanical shaft is therefore

replicated with the aid of electric machines.

The second and the third drive shaft 12, 13 serve in this case
as the main drive for a lower speed range of the vessel (e.g.
up to 30 knots) and the first drive shaft 11 on its own or in
combination with the second and the third drive shaft serves
as the main drive for a higher speed range up to the maximum
speed of the vessel (e.g. 45 knots). The output capacity of
the diesel engines ranges for example from 1 MW to 20 MW, in
particular is equal to 10 MW, and that of the gas turbine
ranges from 5 MW to 30 MW, in particular is equal to 20 MW.

The generators 4 are embodied here as synchronous machines
having a rotating HTS field winding (i.e. an HTS winding in
the rotor). Machines of said type have a low synchronous
reactance and therefore great stiffness in their current vs.

voltage characteristic curve. By way of example, FIG 2 shows



The stiffness of the current vs. voltage characteristic curves of the drive shafts 11, 12, 13 means that a
complex and expensive closed-loop control system for stabilizing the speeds (or voltage and
frequency) of the drive motors 5 or waterjets 3 and the output voltage of the electrical onboard power
network converters 22 can also be dispensed with_in the second opera-L.11-1g state of the ship drive
system. The ship drive system 1 preferably finds application in a trimaran. In this case the drive shafts

11, 12,13 are located witho{hg wateﬂets 3 in the middle hull of thg trimaran., 17 Obviously a vessel
n this rﬁgar he % aracteﬁisthc curve Or,.a sgn%hropous . .
can also hiave more than three suc waterjets 3 with a corresponding number of electric drive shafts. A

ship d.rivel systeat 8@ shewhnrig MG@diﬁeﬁ@ﬂomei‘simdrimgsﬂSIem alsﬁown imFit@U.LFon the one
hand in t%g Ig!:/l@%ipr(%%ellgé% %& I@%tgagﬁ)éw erjets gsdg{gp%?ﬁiwgvsi%d |£|fth§t tﬂg:ﬂrst electric
ies rbine dr

drive shaft 11 hasa el engine 6 Instead of a gas tu iving the generator 4. The propellers
34 must beableftooe operatéd abrEldiivel Ionespéads arid ralativetlomecdpeity ol that respect the

diesel engings A have ayelativglypoor 1eyel of efficiency, Ihe propulsion network withthe busbars 7 is

for example a medium-voltage propulsion network having a voltage of 6.6 kV/60Hz and the electrical
onboard powee ABtWEIRROthes & veR&ge bf 666V /BOHZ The Bhify Brive 3)ste180 Uitfers HOm the ship

drive system-Jeshpwn, in BIG 1 ontherpihgrhand;in that the second-and.theithird drive shaft 12, 13 can

be switched from a normal operating state, as shown in FIG 3, in which the drive shafts 12, 13 are

each ele€PiRERFESIDI&d tQ arBSpective Eléctfitalionbdard poter SUBRBRIGTK 208 walydf a
respectivetransfermersal and agalectrcalpnboard power petwerk conyarter 22 anddn which the

generator 4 of the drive shaft 12, 13 is electrically coupled to the drive motor 5 of the respective drive
shaft 12, Wl avithott fid@leéthidal oot Hower Hetwork converter 22 being interposed
therebetween, to a first special operating state, as shown in FIG 4, in which the generator 4 of the
drive shaft 12, 13 is electrically coupled to the drive motor 5 of the respective drive shaft 12, 13 by way

of the tralSfaPmer 24 L the Q1B EfficAF Snbtarl Yot HehFoRAcovRRr 22 Hrd s tr3Rsforfer 37.

input voltage of the electrical onboard power network
converters 22 in the event of abrupt load shocks on the part
of the waterjets (as may be caused e.g. in heavy seas). The
electrical onboard power network converters 22 can therefore
be equipped with much lower dynamic reserves than when
conventional synchronous machines without HTS winding are used
as generators in the drive shafts 11, 12, 13. Furthermore, a
complex and expensive closed-loop control system for
stabilizing the speed (or voltage and frequency) of the
respective drive motor 5 or waterjet 3 can be dispensed with

in the drive shafts 11, 12, 13.

It is advantageous if the drive motors 5 are also embodied as
high-powered and high-torque synchronous machines having a

rotating HTS field winding (i.e. an HTS winding in the rotor).

For special operating situations it is possible, by closing
the switches 16, to switch the first drive shaft 11 and the
second drive shaft 12 as well as the first drive shaft 11 and
the third drive shaft 13 from a first operating state in which

they are electrically decoupled from each other, to a second



18 In the normal opera-L.11-1g state the generators 4 are then driven as described herelntofore by the
diesel engines 6 in such a way that they generate a motor voltage having variable amplitude and
variable frequency. On the one hand the respective drive motor 5 is supplied with said variable
voltage. On the other hand said variable voltage isltgen converted by way of the respective
transformer 21 and the electrical onboard power network converter 22 Into the voltage of constant

amplitude and frequency of the electrical onboard power.subnetwork-20. When the diesel engines 6
are b TS Bhaa e et Dol A o TR A kS Shie s Systor 20

can be swittleed dmerSfmﬂn the W@mab@ﬁaera-l_t:mmfgfﬁat@tb tﬁgdhgtyspe@ial ‘opkea-blldctg state. The
generators 4 are fhen,driven.by the, diesel endines 6.at theik minimum spged such that they generate a

motor voltage having constant amplitude and frequency. Said voltage Is converted by way of the
respectivefy corectdetradstornes 2 felectiicallonboardpowes rrtworkscdnvertet 22 apd transformer

37 Into apltage of varjable.amplityde and,frequengy, forsupplying he respeetive dye motor 5, the

frequency of the converted voltage bell-1g less than the frequency of the voltage generated by the
generatot 4: Towaky thgt endthé efectiicdl dhboarf pdWer hétidrk e6averteZX éart be connected on
the output side either to the electrical onboard power subnetwork 20 by way of a switch 31 or to the
drive motor 5 by way of the transformer 37 and a switch 33. The drive motor 5 is connectable in turn
by way ofthe-§Wwitc'83 eitheFtoltheRSUtFutBfthe e lddifc & BbBaRFp&We FHERVork BBRAVEer 22 (by

way of thedransformer 3hard Xen in the event of a failure of its energy
generators (i.e. gas turbine 3 or diesel engine 6), thereby
enabling a significant increase in the level of fault
resilience, in particular for navy vessels. On the other hand
the energy can be generated according to requirements using
precisely as many energy generators as necessary to ensure
these will operate at a good level of efficiency in an

operating point.

Synchronizing the amplitude, frequency and phase of the
voltage generated by the generators 4 also enables a drive
motor 5 to be fed simultaneously by generators 4 of different

drive shafts.

The stiffness of the current vs. voltage characteristic curves
of the drive shafts 11, 12, 13 means that a complex and
expensive closed-loop control system for stabilizing the
speeds (or voltage and frequency) of the drive motors 5 or
waterjets 3 and the output voltage of the electrical onboard
power network converters 22 can also be dispensed with in the

second operating state of the ship drive system.

The ship drive system 1 preferably finds application in a
trimaran. In this case the drive shafts 11, 12, 13 are located

with the waterjets 3 in the middle hull of the trimaran.



the switch 31) or to the busbar 7 of the respective drive shaft 12, 13 (by way of a switch 35). On the
input side the electrical onboard power network converter 22 can be connected to the busbar 7 of the
respective drive shaft 12, 13 by way of a switch 36, the transformer 21 and a switch 38. In the first
special operating state shown in FIG 2, the electrical onboard power subnetworks 20 can be supplied
with current either by the respective port generator 25 or by way of an additional electrical onboard
power n %v\gril%%or}verter \gnot shown in further getail) which cca}{labe glgrrlréeéctgd %%the busbar 7 for

ely, prodee t

example by way of the transiormer 21 and the switch 38. Alternativ he transformer 21 is

dimensionetddor an adequateicapacity rars plectticad onbodrepowerssubhetwork20.zan also be
connectable directly to the busbar 7 by way of the transformer 21 and the switch 38 and consequently
can be supplied with current directly from the busbar 7 without an electrical onboard power network
converter being Interposed therebetween. In this case a parallel mode of operation is then also

possible wittythe electtjcal anboard pgwer,petwork converter 22 hy,way of whighthe,driye motor 5 is
supplied with current. In a second special operating state shown in FIG 5, the drive motors 5 are fed
from an éléétricalcorcaird bofepstibhBtwork 2D Bwha) of atespedtiveldleéthiedl oribdaré power

network gonyerter 22 Ins@rdey, 10 stabilize the elecircal onbogrd, power subnetworks, 20 it is,
advantageous for these to be coupled to each other by way of the switches 23. 20 For that purpose

the electfica onbdard power Refiork tonderei’ Zhédrtbé tohnéctedbretheinptosiae efther to the

respectiverusban 70r tg the sespective electrical onboard powesukneiwgrk 20 byway of the switch
36. On the output side the electrical onboard power network converter 22 is connectable either to the

electricaPdritatd poiver SuBHEtWITR 28 byeway oPtheP&Fitd 8t of to fifeldrive mblor By way of the

transformgya3gand the switeh 833e low capacity. In that respect the diesel
engines 6 have a relatively poor level of efficiency. The
propulsion network with the busbars 7 is for example a medium-
voltage propulsion network having a voltage of 6.6 kV/60Hz and
the electrical onboard power network 20 has a voltage of

660V/60Hz.

The ship drive system 30 differs from the ship drive system 1
shown in FIG 1 on the other hand in that the second and the
third drive shaft 12, 13 can be switched from a normal
operating state, as shown in FIG 3, in which the drive shafts
12, 13 are each electrically coupled to a respective
electrical onboard power subnetwork 20 by way of a respective
transformer 21 and an electrical onboard power network
converter 22 and in which the generator 4 of the drive shaft
12, 13 is electrically coupled to the drive motor 5 of the
respective drive shaft 12, 13, without the electrical onboard
power network converter 22 being interposed therebetween, to a
first special operating state, as shown in FIG 4, in which the
generator 4 of the drive shaft 12, 13 is electrically coupled
to the drive motor 5 of the respective drive shaft 12, 13 by
way of the transformer 21, the electrical onboard power

network converter 22 and a transformer 37.



The electrical onboard power network converter 22 receives a voltage of constant amplitude and
frequency on the input side and converts it into a voltage of variable amplitude and frequency for
supplying the respective drive motor 5. The second special operating state can be used on the one
hand to supply the drive motors 5 with current by means of the port generators 25 in the event of a
failure of the generators 4. Alternatively to the first special operating state, however, the second
special operating state can also be used to supply the drive motors with current at low speeds which
lead to speed requirements imposed on the diesel engines 6 that lie below their minimum speed
requireméntst ifsinthisicase ahe etdctrical ohbbardcpeweenetwork converter2 X isded @nitherinput side,

not from the leciricahanbaarraawer (sudneworkc20, AU by the generater 4 by yay,ofthe busbar 7,

the generator 4 will generate a voltage of constant amplitude and frequency. For examp?e, the diesel
engine 6vrivirgthe gerratordayill thed beoperatéd &t dgeipimdmasperdl Fhé<lectrical onboard

power nefwgik goyerter 22 fhen conyerts the voltage of constant amplitude apd frequency present at

its Input Into a voltage of variable amplitude and 21 frequency for supplying the respective drive motor
5, the frefBEREFBFR convéfteliVoftaige befhgsleB® tHatitHelfidquehey ofdid 98itage generated by

thegeneﬁ@@%ﬁge. On the other hand said variable voltage is then
converted by way of the respective transformer 21 and the
electrical onboard power network converter 22 into the voltage
of constant amplitude and frequency of the electrical onboard

power subnetwork 20.

When the diesel engines 6 are subject to speed requirements
below their minimum speed requirement, the ship drive system
30 can be switched over from the normal operating state to the
first special operating state. The generators 4 are then
driven by the diesel engines 6 at their minimum speed such
that they generate a motor voltage having constant amplitude
and frequency. Said voltage is converted by way of the
respectively connected transformer 21, electrical onboard
power network converter 22 and transformer 37 into a voltage
of variable amplitude and frequency for supplying the
respective drive motor 5, the frequency of the converted
voltage being less than the frequency of the voltage generated

by the generator 4.

Toward that end the electrical onboard power network converter
22 can be connected on the output side either to the
electrical onboard power subnetwork 20 by way of a switch 31
or to the drive motor 5 by way of the transformer 37 and a
switch 33. The drive motor 5 is connectable in turn by way of
the switch 33 either to the output of the electrical onboard

power network converter 22 (by way of the transformer 37 and



In the second special operating state the electrical onboard power subnetworks 20 can be supplied
with current either by the port generators 25 or by way of an additional electrical onboard power
network converter (not shown in further detail) which is connected to the busbar 7 for example by way
of the transformer 21 and the switch 38. 22 CLAII\4 1.A ship drive system (1) having at least a first
and a second electric drive shaft (11, 12), each of winch is provided for driving a propulsion unit (2), in

partieua g algIRt whetsin each ol i elestic e shafts (I, dapeamprses, A ygast one
speed-varla%le generator (4) driven by an Internal combustion engin ?f for generating a motor
voltage halvirigtvariablé amglitudeeand vadable freguendy, -arith the input side the

electrical onboard power network converter 22 can be connected
to the busbar 7 of the respective drive shaft 12, 13 by way of

a switch 36, the transformer 21 and a switch 38.

In the first special operating state shown in FIG 2, the
electrical onboard power subnetworks 20 can be supplied with
current either by the respective port generator 25 or by way
of an additional electrical onboard power network converter
(not shown in further detail) which can be connected to the
busbar 7 for example by way of the transformer 21 and the

switch 38.

Alternatively, provided the transformer 21 is dimensioned for
an adequate capacity, an electrical onboard power subnetwork
20 can also be connectable directly to the busbar 7 by way of
the transformer 21 and the switch 38 and consequently can be
supplied with current directly from the busbar 7 without an
electrical onboard power network converter being interposed
therebetween. In this case a parallel mode of operation is
then also possible with the electrical onboard power network
converter 22, by way of which the drive motor 5 is supplied

with current.

In a second special operating state shown in FIG 5, the drive
motors 5 are fed from an electrical onboard power subnetwork
20 by way of a respective electrical onboard power network
converter 22. In order to stabilize the electrical onboard
power subnetworks 20 it is advantageous for these to be

coupled to each other by way of the switches 23.



at least one speed-variable drive motor (5) supplied with  said motor voltage and coupled to a
propulsion unit (2), characterized in that the first and the second drive shaft (11, 12) can be switched
from a first operating state in winch they are electrically decoupled from each other, to a second
operating state in winch they are electrically coupl%lJ to each other in such a way that a transfer of
energy can take place from the at least one generator (4) of one drive shaft (11, 12) to the at least one

drive motor (5) of the other drive shaft (11, 12). 2.£he hip drive system (1) as claimed in claim 1,
having anﬁi]r‘(d )éfé%tglicp élr?\?eogrlea(:'tt e3) ?gre gr?vrlr%é: a uﬁﬁg%r%%u%%ne erﬁl%%)v,qlon%articular a waterjet,
wherein thenhird deive shaftqa8) bemprsescted on the input side either to the

respective busbar 7 or to the respective electrical onboard
power subnetwork 20 by way of the switch 36. On the output
side the electrical onboard power network converter 22 is
connectable either to the electrical onboard power subnetwork
20 by way of the switch 31 or to the drive motor 5 by way of
the transformer 37 and the switch 33.

The electrical onboard power network converter 22 receives a
voltage of constant amplitude and frequency on the input side
and converts it into a voltage of variable amplitude and

frequency for supplying the respective drive motor 5.

The second special operating state can be used on the one hand
to supply the drive motors 5 with current by means of the port

generators 25 in the event of a failure of the generators 4.

Alternatively to the first special operating state, however,
the second special operating state can also be used to supply
the drive motors with current at low speeds which lead to
speed requirements imposed on the diesel engines 6 that lie

below their minimum speed requirements.

If in this case the electrical onboard power network converter
22 i1is fed on the input side, not from the electrical onboard
power (sub)network 20, but by the generator 4 by way of the
busbar 7, the generator 4 will generate a voltage of constant
amplitude and frequency. For example, the diesel engine 6
driving the generator 4 will then be operated at its minimum
speed. The electrical onboard power network converter 22 then
converts the voltage of constant amplitude and frequency

present at its input into a voltage of variable amplitude and



at least one speed-variable generator (4) driven by an Internal combustion engine (6) for generating a
motor voltage having variable amplitude and variable frequency, and at least one speed-variable drive
motor (5) supplied with said motor voltage and coupled to the further propulsion unit (2), 23 and
wherein the first and the third drive shaft (11, 13) can be switched from a first operating state in which
they are electrically decoupled from each other, to'a second operating state in which they are

eIectricaI%y couLpIed to §ach otherin such ?fway that a Ct&aln\%er Olof energy can t%lke Iﬁ\ce from the at
1

least one é:(eergerg{locr@) of one ahve shaft e, 1]:33 15 the at least one drive motor 5 of the other drive

shaft (11f18)yuBrithe shiptdrivesystem {tay clairmee irbgrhg@f ﬂt@pre@bdmgtd‘laims, characterized in
that the 3t least gne, oeneraiot (411as.9.superconducior winding, Ioharicylar a high-temperature

superconductor (HIS) winding. 4. The ship drive system (1) as claimed in one of the preceding claims,
characterized in that the at least one drive motor (5) has a superconductor winding, in particular a

m9h4em9ﬁ”%H%3%@%%EQPQ%%Qﬂ@ﬂsbﬁgyg%gng state the electrical onboard

power subnetworks 20 can be supplied with current either by

the port generators 25 or by way of an additional electrical
onboard power network converter (not shown in further detail)
which is connected to the busbar 7 for example by way of the

transformer 21 and the switch 38.



5. The ship drive system (1) as claimed in claim 4, characterized in that the superconductor winding is
a rota-L.11-1g rotor winding. 6. The ship drive system (1) as claimed in one of the preceding claims,
characterized in that the drive shafts (11, 12 or 11, 13) are coupled by means of an electric line
connection (14, 15) winch preferably Includes a su%) rconductor, in particular a high-temperature
superconductor (HTS). 7. The ship drive system ( )Eas claimed in one of claims 2 to 6, 24

CLAIMS

1. A ship drive system (1) having at least a first and a
second electric drive shaft (11, 12), each of which is
provided for driving a propulsion unit (2), 1in particular a
waterjet, wherein each of the electric drive shafts (11, 12)
comprises
- at least one speed-variable generator (4) driven by an
internal combustion engine (3, 6) for generating a motor
voltage having variable amplitude and variable frequency,
and
- at least one speed-variable drive motor (5) supplied with
said motor voltage and coupled to a propulsion unit (2),
characterized in that the first and the second drive shaft
(11, 12) can be switched from a first operating state in which
they are electrically decoupled from each other, to a second
operating state in which they are electrically coupled to each
other in such a way that a transfer of energy can take place
from the at least one generator (4) of one drive shaft (11,
12) to the at least one drive motor (5) of the other drive

shaft (11, 12).

2. The ship drive system (1) as claimed in claim 1, having a

third electric drive shaft (13) for driving a further

propulsion unit (2), in particular a waterjet, wherein the

third drive shaft (13) comprises

- at least one speed-variable generator (4) driven by an
internal combustion engine (6) for generating a motor
voltage having variable amplitude and variable frequency,
and

- at least one speed-variable drive motor (5) supplied with
salid motor voltage and coupled to the further propulsion

unit (2),



characterized in that the second and the third drive shaft (12, 13) serve as the main drive for a lower
speed range of the vessel and the first drive shaft (11) on its own or in combination with the second
and the third drive shaft (12, 13) serves as the main drive for a higher speed range up to the maximum
speed of the vessel. 8. The ship drive system (1) %? claimed in claim 7, characterized in that the
Internal combustion engine of the first drive shaft (11) is embodied as a gas turbine (6) and the Internal

combustion engines of the second and the third drive shaft (11, 12) are embodie diesel engines
(6). 9. The %?hlygn(?nrveelgys%r% ( )15§’a,%:laallrrﬁ%dtlrﬁ1 %n%%ojfﬂ%e%r]gelc\é%ingghc %Fmsac ’<';1r;11§}t?erizccfz-adrl by an
electrical onbeargigdwércretivokicenviertes {22pwhichiis guppkecbwith thé ivgtortveitagertsaving

variable am%l'glé(%et an é/@ﬂ@blgefg% NCY OH_) oé CIJE% dg\é% é@gft% gl%[ ]Fﬁg ggg&/vhich converts said

voltage into a voltage having constant amplitude and constant frequency for an electrical onboard
power netwerRe 18t The shipdrve systbactl) alk<iairiet inlonetoficlaimsy? ay8pdissratterized by a

first electrical gpfoaihaqwernelwaik copusrian(2e) whichs spoplied withdhe golgnvallage having
variable amplitude and variable frequency of the second drive shaft (12) and which converts said
voltage into BAVaR8gé FaRing corstantemiplitade afd toRstant frédlerdy for fitst&Rciicalénboard

power subnetwork (20), and pya second-electgical enboard power netyork conyertsk (22) which is
supplied with the motor voltage having variable amplitude and variable frequency of the third drive

shaft (13) arftFwHRhComberts said voltage into a voltage having constant

3. The ship drive system (1) as claimed in one of the
preceding claims, characterized in that the at least one
generator (4) has a superconductor winding, in particular a

high-temperature superconductor (HTS) winding.

4. The ship drive system (1) as claimed in one of the
preceding claims, characterized in that the at least one drive
motor (5) has a superconductor winding, in particular a high-

temperature superconductor (HTS) winding.

5. The ship drive system (1) as claimed in claim 4,
characterized in that the superconductor winding is a rotating

rotor winding.

6. The ship drive system (1) as claimed in one of the
preceding claims, characterized in that the drive shafts (11,
12 or 11, 13) are coupled by means of an electric line
connection (14, 15) which preferably includes a
superconductor, in particular a high-temperature

superconductor (HTS).

7. The ship drive system (1) as claimed in one of claims 2

to 6,



25 amplitude and constant frequency for a second electrical onboard power subnetwork (20). 11. The
ship drive system (1) as claimed in claim 10, characterized in that the two electrical onboard power
subnetworks (20) can be coupled to each other. 12. The ship drive system (1) as claimed in one of
claims 9 to 11, characterized by at least one additignal electrical onboard power network generator
(25) for supplying the electrical onboard power network or one of the electrical onboard power

subnetwotks (20} with 2.voltage having ganstant amplitude Ad GOSIANt FEAYENSY . £r
(12, 13) serve as the main drive for a lower speed range of
the vessel and the first drive shaft (11) on its own or in
combination with the second and the third drive shaft (12, 13)
serves as the main drive for a higher speed range up to the

maximum speed of the vessel.

8. The ship drive system (1) as claimed in claim 7,

characterized in that the internal combustion engine of the
first drive shaft (11) is embodied as a gas turbine (6) and
the internal combustion engines of the second and the third

drive shaft (11, 12) are embodied as diesel engines (6).

9. The ship drive system (1) as claimed in one of the
preceding claims, characterized by an electrical onboard power
network converter (22) which is supplied with the motor
voltage having variable amplitude and variable frequency of
one of the drive shafts (12, 13) and which converts said
voltage into a voltage having constant amplitude and constant

frequency for an electrical onboard power network.

10. The ship drive system (1) as claimed in one of claims 2
to 8,

characterized by a first electrical onboard power network
converter (22) which is supplied with the motor voltage having
variable amplitude and wvariable frequency of the second drive
shaft (12) and which converts said voltage into a voltage
having constant amplitude and constant frequency for a first
electrical onboard power subnetwork (20),

and by a second electrical onboard power network converter
(22) which is supplied with the motor voltage having variable
amplitude and variable frequency of the third drive shaft (13)

and which converts said voltage into a voltage having constant



13. The ship drive system (1) as claimed in one of claims 9 to 12, characterized in that the at least one
generator (4) of the drive shaft (11, 12, 13) can be driven by the internal combustion engine (3, 6)
driving it optionally at a fixed or at a variable frequency. 14. The ship drive system (1, 30) as claimed in
one of claims 9 to 13, characterized in that the drive_shaft (12, 13) can be switched from an operating
state in which the at least one generator (4) of the drive shaft (12, 13) is electrically coupled to the at
least oneadri;)e. motor (g)l 8f Ehe drjcv§ h@rgelzu1 élg, witjfﬁg%t tape electggale%nbogrd poyver network

converter Jbelng mterposg(rj1 therebetween an 6enerates g%a?[age of variable amplitude and

frequencyniocarr dperatiag staterig wiictkthe2dt)least one generator (4) of the drive shaft (12, 13) is
electrically coupled to the at least one drive motor (5) of the drive shaft (12, 13) by way of the 26
electrical onboard power network converter (22), the electrical onboard power network converter (22)
generating a voltage ohiariahie eenplivedennd freqaengylaimed in claim 10,

characterized in that the two electrical onboard power

subnetworks (20) can be coupled to each other.

12. The ship drive system (1) as claimed in one of claims 9
to 11,

characterized by at least one additional electrical onboard
power network generator (25) for supplying the electrical
onboard power network or one of the electrical onboard power
subnetworks (20) with a voltage having constant amplitude and

constant frequency.

13. The ship drive system (1) as claimed in one of claims 9
to 12,

characterized in that the at least one generator (4) of the
drive shaft (11, 12, 13) can be driven by the internal
combustion engine (3, 6) driving it optionally at a fixed or

at a variable frequency.

14. The ship drive system (1, 30) as claimed in one of claims
9 to 13, characterized in that the drive shaft (12, 13) can be
switched from an operating state in which the at least one
generator (4) of the drive shaft (12, 13) is electrically
coupled to the at least one drive motor (5) of the drive shaft
(12, 13) without the electrical onboard power network
converter (22) being interposed therebetween and generates a
voltage of variable amplitude and frequency, to an operating
state in which the at least one generator (4) of the drive
shaft (12, 13) is electrically coupled to the at least one
drive motor (5) of the drive shaft (12, 13) by way of the



15. The ship drive system (1, 30) as claimed in one of claims 9 to 14, characterized in that the drive
shaft (12, 13) can be switched from an operating state in which the at least one generator (4) of the
drive shaft (12, 13) is electrically coupled to the at least one drive motor (5) of the drive shaft (12, 13)
without the electrical onboard power network conv§r6ter (22) being Interposed therebetween and
generates a voltage of variable amplitude and frequency, to an operating state in winch the electrical

onboard gg\évgjé Qetwclrk or elect(rg'\cal onboard powe subnetonk QO?E f!{?c‘t"r%a"y coupled to the at

least one drive MOtor (5?%?&16& rive shaft &92‘?[35 y(\:/\?ari/vgfrt & electfi Aboard power network

converter (22) fthieceléctrichlenttbard powen eietwark corwesrter (22) generarerkl-ag anltage of
variable Pﬁté’iﬁjg agp f\;%(}liedrboy é&gﬁ%gagga oﬂf_ge %@B &;iye system (1) as claimed in one of
the prece@(%]ng claimsin a multlhul?e vessel, In particular m% trimaran.
15. The ship drive system (1, 30) as claimed in one of claims
9 to 14, characterized in that the drive shaft (12, 13) can be
switched from an operating state in which the at least one
generator (4) of the drive shaft (12, 13) is electrically
coupled to the at least one drive motor (5) of the drive shaft
(12, 13) without the electrical onboard power network
converter (22) being interposed therebetween and generates a
voltage of variable amplitude and frequency, to an operating
state in which the electrical onboard power network or
electrical onboard power subnetwork (20) is electrically
coupled to the at least one drive motor (5) of the drive shaft
(12, 13) by way of the electrical onboard power network
converter (22), the electrical onboard power network converter

(22) generating a voltage of variable amplitude and frequency.

16. An application of the ship drive system (1) as claimed in
one of the preceding claims in a multihulled wvessel, in

particular in a trimaran.



