1 Description Variable-pitch propeller or repeller The invention relates to a variable-pitch propeller or
repeller having a hub with propeller or repeller blades of variable pitch fastened thereto and having a
pitch adjusting facility for changing the pitch of the blades. The invention further relates to a nacelle
drive with such a variable-pitch propeller and a wind energy system with such a variable-pitch repeller.
Floating ar submersible facilities, such as ships or wind energy systems for example, can be exposed
. escrilption. - . . . .

to highly vanable operating conditions. Such highly variable operating conditions may be for example
different thrust and speed requirements, as are present when a ship travels through ice and freely.

When trqygﬂi{lgﬁﬁreo_tigb ig% %:g%aég% eqigg %evreﬁ%ﬁl‘llrg‘%t is required at low speed (or rate of advance)

and when travelling freely a Ively Tow level of thrust is required at high speed (or rate of advance).
Highly variable operating conditions can for example also be due to very different load states or usage

profiles (e,g. patroLspeed,and erise speed.in the case of 2 ship). Angther,example is the (load-free)

switching of a propeller from sail position to propulsion position in the case of a sailing ship. When
ships arer6peratifg imReithe entifeButput bf thecadlelmachineispeherdlyregdired for forward

movement, TheQuipytiof the maching hers,is, datgrmingd;by.fhe pradyctiof spegd apd fargue. When
travelling through ice, in order to be able to supply the maximum output to overcome the resistance

produced By tHe feg, fiie-sseetofthe morBhoGi et séleetel stihat a Thaxifime Bl is achieved.
In the case of AR £16Cthe MO0k € 5 nacelle drive with such a variable-pitch

propeller and a wind energy system with such a variable-pitch

repeller.

Floating or submersible facilities, such as ships or wind
energy systems for example, can be exposed to highly wvariable
operating conditions. Such highly variable operating
conditions may be for example different thrust and speed
requirements, as are present when a ship travels through ice
and freely. When travelling through ice a relatively high
level of thrust is required at low speed (or rate of advance)
and when travelling freely a relatively low level of thrust is
required at high speed (or rate of advance). Highly variable
operating conditions can for example also be due to very
different load states or usage profiles (e.g. patrol speed and
cruise speed in the case of a ship). Another example is the
(load-free) switching of a propeller from sail position to

propulsion position in the case of a sailing ship.

When ships are operating in ice the entire output of the drive
machine is generally required for forward movement. The output
of the machine here is determined by the product of speed and
torque. When travelling through ice, in order to be able to

supply the maximum output to overcome the resistance produced
by the ice, the speed of the motor should be selected so that

a maximum output is achieved. In the case of an electric motor



this is generally achieved at maximum speed (without field-weakening mode). This means that the
propeller is designed or set for a low rate of advance in the water at maximum motor speed (without
field-weakening mode). For free travel, in other WOI‘?S travel on open sea or lake, it is then barely
possible to Increase speed, particularly in the case of permanent-field electric motors. This means that
only low §8%%dsican ge grcgie&vedaeé/egeq]urg\gaf{ee targ\{elu;go reseoelgle mvls 'Pkrf%l%m [i)gllop_l 357 11 Al
discloses a drive train for a shaft sys}}em ot an ice%reaﬁllng s?ﬁ)p 6r oné tha ?raver In‘ice, wherein an
Internal corathgstiomcee ngiee is. présent, te tdresottpat stréft opwinehld stepidowte gegriegl system is
connecteg, yihj agts 09,3 propellgt saft on e ontautside And aoigrofign,gleglic.generator
connected to the output shaft of the Internal combustion engine is also present. When traveling
through iee ¢leel priopetiep pitcH issscdtedtback and thevdlettrictload of ¢ite §enerator is reduced. These
measures prevent the mator speed,dropping helow g-spegified yalue, Anacellg drive is known from
DE 198 347 36 Al, in winch a propeller casing is mounted around the drive propeller of the nacelle
drive for BAYEEfrEe favigationgretvds Thepropeller casinrtis Yermoved Yufing havigation under ice
conditions. The power £ppsumptian of the propslier iskept coastant incasing, modeapd casing-free
mode. To this end the blade pitch of the propeller is enlarged during free travel (i.e. casing mode) and
reduced 8BARE e faveIFi.& CashitRies niodelUThe Pitéh adjustiAg Facility for adjusting the pitch of
the propeller blades in a nacelle drive generally comprises - as disclosed for example in WO
2005/021374 Al - a hydraulic drive and regulation facility. However this requires the propeller 3 shaft
to be configuFéd as BehdtiowsstiPard Rydrauli€ bilis belihtrbducEFnt® fifeScéntfST B%8 drive lines to
the hydraulis sadjustinghuindispossds insthedollow chambercofithe hoewshaft. Hioweygs there is no
space for this in_nacelle drives, in particular when an electric drive motor is accommodated in the
nacelle hot@ifgto dirfveth proP&iet ShaftantiWiréh o propetiers are GEEH: Teté is also the risk of
an oil leaksin ke bacelle housing.dpisttherefare the abjectrof dhe pegsenbinventian 1o gpecify a
variable-pitch propeller or repeller, winch can be adjusted to different operating conditions by changing
the pitch OF f1 Blates W IS Ekhricht Oatay ahd takifig R ia S5dce ad Withbut (e risk of

leakage ima pampsenent, halding4t e adacidity, rg. @lracetedapsingcator connected to

the output shaft of the internal combustion engine is also
present. When traveling through ice the propeller pitch is
scaled back and the electric load of the generator is reduced.
These measures prevent the motor speed dropping below a

specified value.

A nacelle drive is known from DE 198 347 36 Al, in which a
propeller casing i1s mounted around the drive propeller of the
nacelle drive for an ice-free navigation period. The propeller
casing is removed during navigation under ice conditions. The
power consumption of the propeller is kept constant in casing
mode and casing-free mode. To this end the blade pitch of the
propeller is enlarged during free travel (i.e. casing mode)

and reduced during ice travel (i.e. casing-free mode).

The pitch adjusting facility for adjusting the pitch of the
propeller blades in a nacelle drive generally comprises - as
disclosed for example in WO 2005/021374 Al - a hydraulic drive

and regulation facility. However this requires the propeller



This object is achieved by a variable-pitch propeller or repeller as claimed in claim 1. Advantageous
embodiments of the variable-pitch propeller and repeller are the subject matter of claims 2 to 10. A
nacelle drive having such a variable-pitch propellergs the subject matter of claims 11 to 14 and a wind
energy system having such a variable-pitch repeller'is the subject matter of claim 15. The invention is

based on fne naviedge (hat extensive adustment of ine pitdh of Ine hlades 5 aften aqt pecessary.
since in most Instances, partlcul%ry In the case of e

ectric propulsion €s or generators, only a
numericadly linmtedonumber ofndifferent operdtinglpaints, dfterveveén oaly just tWweeoperating points (for
example,one onerating, point for,iee frauel and.gne gperating paint for free trayelor gne pperating point
for a Iargeliogéfgﬁn% one gperatjl'ngjpoint for %ma%?oa(ﬁhas to be m%ppeé%il{the propeﬁl%r. If only this
numericallyliditedstarhber dfcoserating peirts has 1@ ber4 cevéred, ihparticolanafselif switching

between ihg gperating %%Q@i%&?ﬁ%"b%‘&’ih%% anyJeaq op e prapeller of repeller, the structural

measures for adjusting the pitch of the blades can be kept simple. A speed under thrust can then
largely aReeracHieva by valjfy thecspeerl fche diiverhachiag fortthe propéifel shaft, in particular

of an elegti¢ fpotor 4The, use of st PR £lactrc dhye facility to mavedhe blades, in particylar to move
the blades without load on the propeller, and an electrically actuatable locking facility means that the

pitch adj@dtingffagility é&nbe tBnfigreBazrelativeRshal and compact. The use of a locking facility
also means that the electric drive facility only has to be activated to adjust the blade pitch. The output

and therefore the size of the electric drive facility and its electrical energy requirement can therefore be
kept relatively Snidle < tHetefore p%§§i%%ttood%/sﬁt?§e freSpifchtadjastifg-raciity-in thB%Hubish that
space is aot;rgauineddopi in-thegntasior of a compaenent helding the-variablepitch prepelles or repeller,
e.g. a nacelle housing. It is even paossible to transfer the small amount of electrical energy required by
the pitch &QjuStihg ATy iRBGGREN By FTEANS of AhSeritryy trangfet Yadifity flont & iAteribr6f the
componest helding thenvariatle-piteh propelter os tepeller 46.9. adtacele hpusing) tastheqeited adjusting
facility in the hub, According to aone particularly compact, space-saving and also structurally simple

embodinféht the B2t driVe fatfiify fids atrSCSEctit g B haling s dhfidlar fot6Fafid an

annular statot,)whigh have the same-axis asdhe totation axis of the variable-pitch propeller or repeller,
and a drive mechanism for converting a rotational movement of the rotor to

This object is achieved by a variable-pitch propeller or

repeller as claimed in claim 1. Advantageous embodiments of

the variable-pitch propeller and repeller are the subject

matter of claims 2 to 10. A nacelle drive having such a

variable-pitch propeller is the subject matter of claims 11 to

14 and a wind energy system having such a variable-pitch

repeller is the subject matter of claim 15.

The invention is based on the knowledge that extensive
adjustment of the pitch of the blades is often not necessary,
since in most instances, particularly in the case of electric
propulsion drives or generators, only a numerically limited
number of different operating points, often even only just two
operating points (for example one operating point for ice
travel and one operating point for free travel or one
operating point for a large load and one operating point for a
small load) has to be mapped by the propeller. If only this

numerically limited number of operating points has to be



5 a rotational movement of the blades about their longitudinal axis. According to one structurally
particularly simple embodiment the drive mechanism comprises a yoke that can move in the direction
of the rotation axis. The first electric mg motor can then move the yoke for example by way of a
movement thread in the direction of the rotation axis of the propeller or repeller and thus bring about a
rotationa!:gw\?v%ngnt 9}‘1 the t%Iggg% ﬁ%.]g. g;i way.o S;l,ivdvi{'tgc Igcks E%re %[suié%blg rceJd Czé%tgnqi).. ﬁ\lternatively
the drive mechanidm can also comprise a yocf<e that Can rotate about the rotation axis. It the Totor of
the electpe my-motoer isconnedtedvn altorsiorally résisthnt marreerio dre ydke, aorotation of the rotor

can b”“gﬁ%%‘itl%@,ta@%%og@%@égtﬁnf $§é%f§c%fe% r%@?'ogégn&gxﬁm ”ER%th§ibJ%%eso99-9- by way

of sliding blocks or a suitable ro ing system can also have a particularly high level of
compactiéss aidakse asimple skeapture linthat-thd lecking favility toriprises boits thdtewan be moved

in the direction ot the yotation axis,and the fa%}o"\z%frt{?frflfttﬁi{%g WOLY NascOReNINgs tq,accommodate

the bolts. According to one structurally particularly Simple and space-saving embodiment for electrical
actuatioringhellaelding acilit) hepe eBmbtises alsetbnd gle@Ae Fihgaetbr having shl&iulacstator and
an annulggkoter, which have the same axis as the rotation axis of the variable-pitch propeller or
repeller, and a drive mechanism for converting a rotational movement of the rotor to a movement of
the bolts in the direction of the rotation axis. 6

The use of just one electric drive facility to move the
blades, in particular to move the blades without load on the
propeller, and an electrically actuatable locking facility
means that the pitch adjusting facility can be configured as
relatively small and compact. The use of a locking facility
also means that the electric drive facility only has to be
activated to adjust the blade pitch. The output and therefore
the size of the electric drive facility and its electrical
energy requirement can therefore be kept relatively small. It
is therefore possible to dispose the pitch adjusting facility
in the hub so that space is not required for it in the
interior of a component holding the variable-pitch propeller
or repeller, e.g. a nacelle housing. It is even possible to
transfer the small amount of electrical energy required by the
pitch adjusting facility inductively by means of an energy
transfer facility from an interior of the component holding
the variable-pitch propeller or repeller (e.g. a nacelle

housing) to the pitch adjusting facility in the hub.

According to one particularly compact, space-saving and also
structurally simple embodiment the electric drive facility has
a first electric ring motor having an annular rotor and an
annular stator, which have the same axis as the rotation axis
of the variable-pitch propeller or repeller, and a drive

mechanism for converting a rotational movement of the rotor to



According to one alternative structurally very simple embodiment the electric drive facility can also
have at least one electric linear motor having a rotor and a stator and a drive mechanism for
converting a linear movement of the rotor to a rotatg)nal movement of the blades about their
longitudinal axis. The locking facility can then have a disk, which can be rotated in the peripheral

direction of fhc. rafation axia of e variatle:pjtch propeller gr sepelier, o fix e drive mechanism or
linear motor in respe& Of a movement in the direction of the rotation axis. Because of the smal energy
requirement ef.the pitch adjusting facility, the pitch adjusting facility advantageously comprises an
energy transfer facility for the inductive transfer of electrical energy from outside the propeller or
repeller (for example from an interior of a component holding the variable-pitch propeller, e.g. a nacelle

housing)ﬁs@mefgmmamsﬂn@ f@dimy_.cth@@ﬂqéngygmfsie;ﬁé@mwc@jm@b@_nﬁg@n@dﬁmee%mple in the
form of a,generatpy with the Same,axis as,the ratation axis qf the variablespitch; propgller or repeller,
the stator part of winch is disposed in an interior of the component, e.g. the nacelle housing, and is
energized ¥setheidiratidn bhtherlsliadé adjustment, while the Fefor parsupplying e pitdkPadjusting

facility circylates withthe hup, d 0%%}@@@0% patticiarly Igy glectrical energy, cprsumption. 4he pitch
adjusting facility is preferably configured in such a manner that during an as far as possible load-free

(in other Word$ theldiRCinbidr Srigenerato? batpLts ndpbivet anth ot AéHe)IMovement of the
blades by the elestric.griver i facility; the lacking facilitydsdeactivated andanhen the hlade pitch is
locked by the locking facility, the electric drive facility is deactivated. A variable-pitch propeller as
describeé’la%%é cAR iff priR¥ipte e tSed forSdmPtype Ut ive Systeit fdrdtonting o submersible
facilities, gis@xample for conventional shaft systems and broadside systems. One particularly
advantageous application is the application for a sailing ship with (load-free) switching from a sail
position to a propulsion position.

Alternatively the drive mechanism can also comprise a yoke

that can rotate about the rotation axis. If the rotor of the
electric ring motor is connected in a torsionally resistant
manner to the yoke, a rotation of the rotor can bring about a
rotation of the yoke and therefore a rotational movement of
the blades (e.g. by way of sliding blocks or a suitable rod

system) .

The locking system can also have a particularly high level of
compactness and also a simple structure, in that the locking
facility comprises bolts that can be moved in the direction of
the rotation axis and the rotor of the first ring motor has

openings to accommodate the bolts.

According to one structurally particularly simple and space-
saving embodiment for electrical actuation the locking
facility here comprises a second electric ring motor having an
annular stator and an annular rotor, which have the same axis
as the rotation axis of the variable-pitch propeller or
repeller, and a drive mechanism for converting a rotational
movement of the rotor to a movement of the bolts in the

direction of the rotation axis.



However there are preferred uses wherever a propeller or repeller shaft with the variable-pitch
propeller or repeller disposed thereon is supported in a nacelle-type housing, with the result that the
use of a hydraulic pitch adjusting facility for the pro%eller or repeller blades is problematic. This is the
case primarily for nacelle drives for floating facilities and in nacelles of wind energy systems. An
inventive nacelle drive for driving a floating facility then comprises an underwater housing having a
propeller shaft supported in a rotatable manner therein and a variable-pitch propeller as described
above digpusadiomoné endraf the peopeller shaft.tAccording td wnegparticulary advantageous

embodimy é'éﬁ%%eé'et‘ﬁ@’eeﬂ%sc%?f!:ecéﬁl‘i{)"?"t%ra‘%ﬁ‘l% inthe housing to drive the propeller
shaft. The electric motor here is preferably configured as a permanent-magnet motor. The nacelle
drive carralso $rawe tarfuethét vardablepiteh prepeller as desteribed abowe disposedanithe other end of

the propellef shaft. Lhe wa propallers, h6te ¢an, ptate)in e Same difegtion of in 0pPsipg directions.

8 An inventive wind energy system comprises a nacelle housing having a repeller shaft supported

rotatably tRereirr ahd alviimablerpilei frspellef as deskrisett abavrdisps8€d 6n one end of the repeller
shaft. The invention;angd futther advantageous embodiments of the invention according to features of
the subclafins are described in more detail based on exemplary embodiments in the figures, in winch:

The locking facility can then have a disk, which can be
rotated in the peripheral direction of the rotation axis of
the variable-pitch propeller or repeller, to fix the drive
mechanism or linear motor in respect of a movement in the

direction of the rotation axis.

Because of the small energy requirement of the pitch adjusting
facility, the pitch adjusting facility advantageously
comprises an energy transfer facility for the inductive
transfer of electrical energy from outside the propeller or
repeller (for example from an interior of a component holding
the variable-pitch propeller, e.g. a nacelle housing) to the
pitch adjusting facility. The energy transfer facility can be
configured for example in the form of a generator with the
same axis as the rotation axis of the variable-pitch propeller
or repeller, the stator part of which is disposed in an
interior of the component, e.g. the nacelle housing, and is
energized for the duration of the blade adjustment, while the
rotor part supplying the pitch adjusting facility circulates
with the hub.

To achieve a particularly low electrical energy consumption,
the pitch adjusting facility is preferably configured in such
a manner that during an as far as possible load-free (in other
words the drive motor or generator outputs no power and

consumes none) movement of the blades by the electric drive



Figure Figure 1 2 shows a nacelle drive having variable-pitch propeller, shows a detailed view of the
facility from Figure 1 and an inventive pitch adjusting Figure

7

facility, the locking facility is deactivated and when the
blade pitch is locked by the locking facility, the electric

drive facility is deactivated.

A variable-pitch propeller as described above can in principle
be used for any type of drive system for floating or
submersible facilities, for example for conventional shaft
systems and broadside systems. One particularly advantageous
application is the application for a sailing ship with (load-

free) switching from a sail position to a propulsion position.

However there are preferred uses wherever a propeller or
repeller shaft with the variable-pitch propeller or repeller
disposed thereon is supported in a nacelle-type housing, with
the result that the use of a hydraulic pitch adjusting
facility for the propeller or repeller blades is problematic.
This is the case primarily for nacelle drives for floating

facilities and in nacelles of wind energy systems.

An inventive nacelle drive for driving a floating facility
then comprises an underwater housing having a propeller shaft
supported in a rotatable manner therein and a variable-pitch
propeller as described above disposed on one end of the

propeller shaft.

According to one particularly advantageous embodiment the
nacelle drive has an electric motor disposed in the housing to
drive the propeller shaft. The electric motor here is

preferably configured as a permanent-magnet motor.

The nacelle drive can also have a further variable-pitch
propeller as described above disposed on the other end of the
propeller shaft. The two propellers here can rotate in the

same direction or in opposing directions.



3 shows a wind energy system having an inventive variable-pitch repeller. Figure 1 shows a simplified
and schematic diagram of a partial longitudinal section through a nacelle drive 1, winch serves as a
drive facility for a floating or submersible facility, e.g a ship or offshore platform and to this end is
fastened to the rear 2 of the floating facility in such a manner that it can rotate about an axis A. Such a
nacelle drive is frequently also referred to as a rudder propeller, thruster or pod drive and usually has a
drive output of 0.5 to 30 MW. The nacelle drive 1 comprises a nacelle-type underwater housing 3,
winch is émbodieghiniavkydrodynaméeadly optimized manper apd isadisposdd en ltleerpaar? of the
floating rsib ity in suc mqﬂ%\% E]C tit ro o‘[ba ft 4. A propeller
shaft 5 igllé%i)%%]?ete% v%&?% %heép hgﬁé‘% 3in %: } %a%?rgl%ra &%t}?ﬁgga@n%%?a%é yamgar?s of bearings 6
and projects babéftheHousingeR A Varable-pitehad plopelleb? dispbsed wiaside theheusing 3 rests
respectively g@lgo%ggqﬁgtfthgﬁg@geller shaft 5. The propeller shaft 5 is driven by an electric motor 8,
winch is also disposed within the housing 3. In this exemplary embodiment the two variable-pitch
propellers 7 are driven in the same direction by the motor 8. However other embodiments are also

possible.Jfror example the two prapellers 7 can.alse b driven inoBResing diregtions,by means of a
gearing system disposed in the underwater housing 3. Instead of a single electric motor 8 two electric

motors cah B didsesetvacictbsackan tee tHaemvatér RoGsify3C tach arieing jastsHeldftfe two
propeller§_r7 %wgyd%@aqrppg%%r&ba&Mm@%ﬂyeé}@ammh@@rw E’B%Oeﬁ?@t&_%@? POSS'b|e-
The electric motor for driving the propeller shaft 5 can also be located outside the housing 3 in the
filter-18)rof tﬂéjﬂ%]&fing or submersible facility and can be coupled by way of a gearing system (e.g. a
crown wheel-bevel gear system) and a vertical shaft running through the shaft 4 can be coupled to the
propeller shaft 5 (so-called L arrangement or Z arrangement). , ,
Figure 1 shows & nacelle drive having an 1nventive
variable-pitch propeller,
Figure 2 shows a detailed view of the pitch adjusting
facility from Figure 1 and
Figure 3 shows a wind energy system having an inventive

variable-pitch repeller.

Figure 1 shows a simplified and schematic diagram of a partial
longitudinal section through a nacelle drive 1, which serves
as a drive facility for a floating or submersible facility,
e.g. a ship or offshore platform and to this end is fastened
to the rear 2 of the floating facility in such a manner that
it can rotate about an axis A. Such a nacelle drive is
frequently also referred to as a rudder propeller, thruster or

pod drive and usually has a drive output of 0.5 to 30 MW.

The nacelle drive 1 comprises a nacelle-type underwater
housing 3, which is embodied in a hydrodynamically optimized
manner and i1s disposed on the rear 2 of the floating or
submersible facility in such a manner that it can rotate by
means of a shaft 4. A propeller shaft 5 is supported within
the housing 3 in such a manner that it can rotate by means of

bearings 6 and projects out of the housing 3. A variable-pitch



The propeller shaft 5 has a propeller hub 9 at each of Its two ends with an adjusting facility 10 for the
pitch of the propeller blades 11 of the propellers 7. The pitch adjusting facility 10 allows the pitch of the
propeller blades 11 to be set, here for example for just two different opera-L.11-1g points of the
floating facility (for example ice travel and free travel). The pitch adjusting facility 11 is therefore

configured so that It only allows just two different blade pitches. The precise structure.of the pitch
g FEERE 10 T o SASCHBa fnre Get i Ta Shod (6 R 3 TH Bha Bcfisting
facility 1®@ooinptises adlectri¢ deve fagiiy POfos hovinghthelhlades dpdrbhe thesblade pitch for 10 ice
travel to Eh§ %!gg% gliltcg for free Ergg%l 1) %cé% n%an %céﬂc Ilg ct %tagel 8l§igg facility 40 for
locking the blades 11 in‘the resepectivé%bﬁughe pit(%m E'acﬁlllpropeﬁ‘er gTa(LiA'e 11 Sé% an adjusting plate 25
at its footy wihéhistdupportediin thel hub 9 intal masmemnndeshovarnirrmore détailtse theabit can be

rotated i%ﬁ‘f‘i@%f@’%le{éﬂa thequopeller bjadg 11 gan.he rofated,about IS longitudingl axis and the

pitch of the propeller blade 11 can thus be changed. The electric drive facility 20 comprises a first
electric ring rhbRreai@reqienthpasvsfepidtttd @51 RIMTEIVE) , Pavintlar aRmdlat Btefor 22 and an

annular rptor 23, shpparted by imeans-efhaarings 37 ing rofatable mapper in,a housing 26 of the
adjusting hub 9, said stator 22 and rotor 23 having the same axis as the propeller shaft 5 or the

rotation B89 BOftHe Yatighlelsitth RopBRs? ahtl & dFfe iethahisht 22 fér-ERRERthd & rotational
movementQf thedetaf 2340 ayratational movement.of the propellgr bladesJ-abqut their longitudinal

axis. The drive mechanism 24 comprises a yoke 27, winch is located in the interior of the housing 26
of the adfsting Hebt aRd Bah PeSmbded REtHEGRSIIBA dPde rdtatibi akis B of tHe propeller shaft

between afifst-pesitien Loand asegond positign 1;iand thead]justingy¥aten25 described above. The
yoke 27 here is supported in a torsionally resistant manner in the housing 26 in respect of the rotation

axis B (e By eans of siie F41¥). Theamii&Tbter2 PRAS b thieddPs8E on thélinside of its ring, said

thread 28 engagingwwth an exiesnal threask29 ef-thesyokes27 postichoa smannes thatea-meyvement of the
rotor 23 about the rotatjon axis Bgroduces a movement of the yoke 27 in the directioneog1 the rotation

axis B. DEpERAInG U the'rotatibn difedtibiot te ™ /=1t > tan also be otat

outside the housing 3 in the interior of the floating or
submersible facility and can be coupled by way of a gearing
system (e.g. a crown wheel-bevel gear system) and a vertical
shaft running through the shaft 4 can be coupled to the

propeller shaft 5 (so-called L arrangement or Z arrangement).

The propeller shaft 5 has a propeller hub 9 at each of its two
ends with an adjusting facility 10 for the pitch of the
propeller blades 11 of the propellers 7. The pitch adjusting
facility 10 allows the pitch of the propeller blades 11 to be
set, here for example for just two different operating points
of the floating facility (for example ice travel and free
travel). The pitch adjusting facility 11 is therefore
configured so that it only allows just two different blade
pitches.

The precise structure of the pitch adjusting facility 10 is
now described in more detail with reference to Figure 2. The
pitch adjusting facility 10 comprises an electric drive

facility 20 for moving the blades 11 from the blade pitch for



11 rotor 23, the yoke 27 is moved either toward the ring motor 21 or away from the ring motor 21.
Each adjusting plate 25 for the propeller blades has a carrier 30, winch projects Into an optionally
radically peripheral guide 31 present in the yoke 2{ 6e.g. with slide elements). A movement of the yoke
27 in the direction of the rotation axis B therefore produces a rotation of the adjusting plates 25 and

therefore,a change in the pitch of.the propeller blades 11, A distance.H between the o§<e 27 and the
rotor 25 danes 2 1 fo (e THSvRrG L OTTAG SaKe B Wi (b 20 B 1 e It frs
position € withtmaxadum [t thexadjustng plates125 eaditherteforédthépropeltsr biadeshtl are in a first

position,}rx(\jﬁig cory SE%S‘?&{% %%ggglcet@\}gekppﬁgignggrci&g.travel. However when the lift is zero, in

other words the end face 7 rests on the rotor 23 and the yoke 37 is in the second position
D, the adjusting plates 25 and the propeller blades 11 are in a second position, winch corresponds for

example fg the posifian for.ires trayels Aftgr a movementof fhe ygke 24 tg she firsf oL segand position

C or D, the yoke 27'is locked in said respective position by a locking facility 40 to prevent movement
about the"BXis!B afd aserinthe dirtetidh of thdcads B I tHeadifectioncdt thé potation aRis™® of the

propeller ghaft;5 the Jocking facility 40 comprises movahleholts 41 gnd openings or hples 42 present
in the rotor 23 of the first mg motor 21 to accommodate the bolts 41. For the purpose of electrically

actuateddeSiisg e loekingFadility 40 chRprisés A 2@ caR@ electic mPmsicr UBLRaing ahannular

stator 44and amanpularrotgr4snwinchhaveithe samesaxis asdhe prepelles shaft Hefdhe rotation
axis B, and a drive mechanism 46 for 12 converting a rotational movement of the rotor 45 to a
movement of the bolts 41 in the direction of the rotation axis B of the propeller shaft 5.

The electric drive facility 20 comprises a first electric ring
motor 21 (frequently also referred to as a RIM drive), having
an annular stator 22 and an annular rotor 23, supported by
means of bearings 37 in a rotatable manner in a housing 26 of
the adjusting hub 9, said stator 22 and rotor 23 having the
same axis as the propeller shaft 5 or the rotation axis B of
the variable-pitch propeller 7, and a drive mechanism 24 for
converting a rotational movement of the rotor 23 to a
rotational movement of the propeller blades 7 about their
longitudinal axis. The drive mechanism 24 comprises a yoke 27,
which is located in the interior of the housing 26 of the
adjusting hub 9 and can be moved in the direction of the
rotation axis B of the propeller shaft between a first
position C and a second position D, and the adjusting plate 25

described above.

The yoke 27 here is supported in a torsionally resistant
manner in the housing 26 in respect of the rotation axis B
(e.g. by means of slide rails). The annular rotor 27 has a
thread 28 on the inside of its ring, said thread 28 engaging
with an external thread 29 of the yoke 27 in such a manner
that a movement of the rotor 23 about the rotation axis B
produces a movement of the yoke 27 in the direction of the

rotation axis B. Depending on the rotation direction of the



The drive mechanism therefore comprises a mg 47, winch is supported on the yoke 27 in a torsionally
resistant manner in respect of the yoke 27 (e.g. by means of slide rails) and on winch the bolts 41 are
disposed in a regularly distributed manner. On theﬂside of its mg the annular rotor 45 has a thread
48, winch engages with an external thread 49 of the'mg 47 in such a manner that a movement of the

rotor 45 abocut th% 5ota£igré axiskB p%:]duicgjm a movement of thce mg 40? %%fd therefore of the Bglts 41 in

the direction of the Yotation &xis B. epending on theelFo ation direction of the Totor 45 the mg 47 with

the bolts@dd iswagvedreitherttewarcththemmgamotor 21 or away from the mg motor 21. The second ring
motor 43 can therefore be used to move the bolts 41 in the direction of the rotation axis B from a first
position illustrated in Figure 2, in which they are outside the holes 42, to a second position, in which

they are Becdmartitatdd with alferm fit byfthe holes 42, arsddeeversaasach adorm fit araanstthat the

yoke 27 and thg blaes 2 fed and locked wilh Dairespective bladg Rilch, The piich adjusting
facility 10 here is configured so that when the blades are moved by thé electric drive facility 20, the
locking facilitg2403s derefvateéd Bndthereforeend dletical eneérgy is EbAsumeédremidtconvefsely, when

the bladepitchyis,lecked by, the locking facility4Q, the electric.drive-facility 20 s deaglivated and
therefore no electrical energy is consumed. Electrical energy consumption can therefore be 13 kept

very low Bt ishtherstereepsssitle #6 transtet theé efdttiical BRBrgyfindaétively oltheSsitchoadjtisting

facility 1Q.pko-this,erd the-nacgjle drive 1 gomprisgs an eneLay trapsfer facility {aishown in greater
detail) for the inductive transfer of electrical energy from an interior of the nacelle housing 3 to the pitch
adjusting facility 10. The person skilled in the art has a number of commonly used options for this

purpose,foxexample-a goibpairdisreachenstanse ayceihdisposed-the agjustingihdr9 and a coil
disposed.in the interior of the nacelle housing 3, the latter being energized with alternating current) can

be present-for ehth of He R FBESHS 21T 4506r ¥Rérgy transteiPurpSSes! THe enerd§ réduirement
and spacenequirement ot the ring-moters2ls A4drcan be evemiurtheimieduerd heres if the ring motors

21,43h%%%%gggggn%?g@ggn?goggd therefore the propeller blades 11 are
in a first position, which corresponds for example to the
position for ice travel. However when the 1lift is zero, in
other words the end face of the yoke 37 rests on the rotor 23
and the yoke 37 is in the second position D, the adjusting
plates 25 and the propeller blades 11 are in a second

position, which corresponds for example to the position for

free travel.

After a movement of the yoke 27 to the first or second
position C or D, the yoke 27 is locked in said respective
position by a locking facility 40 to prevent movement about
the axis B and also in the direction of the axis B. In the
direction of the rotation axis B of the propeller shaft 5 the
locking facility 40 comprises movable bolts 41 and openings or
holes 42 present in the rotor 23 of the first ring motor 21 to
accommodate the bolts 41. For the purpose of electrically
actuated locking the locking facility 40 comprises a second
electric ring motor 43 having an annular stator 44 and an
annular rotor 45, which have the same axis as the propeller

shaft 5 or the rotation axis B, and a drive mechanism 46 for



For the ring motors to have the lowest possible electrical energy requirement, the blade pitch is
preferably not changed with a propeller load but in a load-free operating state, in other words only
driven by the water flow passing the propeller. A large number of other possible embodiments of
course also exist for the drive facility 20 and the locking facility 40. For example Instead of electric mg
motors, conventu%ri%l electric Jewqct%s,naarld gnrlve merg:@amgmc%basedcon gg%xrvyé%eels can alson e used.

. conver a a ovem O e roto oveme
The drive mechanisnt can afso comprise a yoﬁe That can be rotated about the rotation axis of the

propellercshafth ¥Vhenlthe rbtoriof thé eletincring amotorfistdonnectedtine ldxtorsiénally resistant
manner t{grtg é(%g,ra ggﬁgggn of the rotor can bring about a rotation of the yoke and therefore a
rotational movement of the propeller blades. Alternatively the electric drive facility can also have at
least one electric linear motor having a rotor and a stator and a drive mechanism for converting a

linear momemet of the, ratgr 1o, rotatianal moverpent of the propeller blapes ghoutihaiclongitudinal

axis. The locking facility can then have a disk that can be rotated in the peripheral direction of the
rotation &xi®BPHegstopellérshafitbfixithe drive recamsmlor the fiféatmotoria réspect of a

movementinjhe dirgetion of therotation axis of e propeller,shaft. Figure 3 shqws, a simplified _
diagram of a wind energy system 50 having a tower 54, on which a nacelle housing 51 is positioned, in
which a répeftér sheft b2 istsugborietrotatably il drives & §eléidry Disposesit'eié end of the
repeller shaft22-1s a variable-pitch repeller 53, the basic structure of which is identical to the
variable-pitch propeller for a nacelle drive described in conjunction with Figures 1 and 2.

On the inside of its ring the annular rotor 45 has a thread
48, which engages with an external thread 49 of the ring 47 in
such a manner that a movement of the rotor 45 about the
rotation axis B produces a movement of the ring 47 and
therefore of the bolts 41 in the direction of the rotation
axis B. Depending on the rotation direction of the rotor 45
the ring 47 with the bolts 41 is moved either toward the ring

motor 21 or away from the ring motor 21.

The second ring motor 43 can therefore be used to move the
bolts 41 in the direction of the rotation axis B from a first
position illustrated in Figure 2, in which they are outside
the holes 42, to a second position, in which they are
accommodated with a form fit by the holes 42, or vice versa.
Such a form fit means that the yoke 27 and the blades are
fixed and locked with their respective blade pitch.

The pitch adjusting facility 10 here is configured so that
when the blades are moved by the electric drive facility 20,
the locking facility 40 is deactivated and therefore no
electrical energy is consumed and conversely, when the blade
pitch is locked by the locking facility 40, the electric drive
facility 20 is deactivated and therefore no electrical energy

is consumed. Electrical energy consumption can therefore be



15 Claims 1.A variable-pitch propeller (7) or repeller (53) having a hub (9) with propeller or repeller
blades (11) of variable pitch fastened thereto and having a pitch adjusting facility (10) for changing the
pitch of the propeller or repeller blades (11), chara Lierized if that the pitch adjusting facility (10) if
disposed if the hub (9) and if configured so that it only allows a numerically 1=1-Led number of
different blade pitches, preferably.only two blade pitches, 1o which end the pitch adjusting facility (10)
comprisee b eleete e Tty (0] o P (6 s 105 r AT A Fretto & Sacond of the
numericaly<ltiried huatber of bladépitches andt an @lectpcallyractuatableilogking dadilityy(40) for
locking tqeb t?lades (11) if the numerically 1=1-Led number of different blade pitches.

To this end the nacelle drive 1 comprises an energy transfer
facility (not shown in greater detail) for the inductive
transfer of electrical energy from an interior of the nacelle
housing 3 to the pitch adjusting facility 10. The person
skilled in the art has a number of commonly used options for
this purpose, for example a coil pair (in each instance a coil
disposed in the adjusting hub 9 and a coil disposed in the
interior of the nacelle housing 3, the latter being energized
with alternating current) can be present for each of the ring

motors 21, 43 for energy transfer purposes.

The energy requirement and space requirement of the ring
motors 21, 43 can be even further reduced here, if the ring

motors 21, 43 have a permanent-magnet rotor.

For the ring motors to have the lowest possible electrical
energy requirement, the blade pitch is preferably not changed
with a propeller load but in a load-free operating state, in
other words only driven by the water flow passing the

propeller.

A large number of other possible embodiments of course also
exist for the drive facility 20 and the locking facility 40.
For example instead of electric ring motors, conventional
electric motors and drive mechanisms based on gearwheels can

also be used.

The drive mechanism can also comprise a yoke that can be
rotated about the rotation axis of the propeller shaft. When

the rotor of the electric ring motor is connected in a



2. The variable-pitch propeller (7) or repeller (53) as claimed if claim 1, characterized if that the electric
drive facility (20) has a first electric ring motor (21) having an annular stator (22) and an annular rotor
(23), winch have the same axis as the rotation axi g{s) of the variable-pitch propeller (7) or repeller
(53), and a drive mechanism (24) for converting a rotational movement of the rotor (22) to a rotational

movement, Q:fsthgnbgl?qes }1@}% EIQQU% i,periﬂr Ign%itrudiijrcl)al aB%s. 3@}1 he vaarirab e-[[gdi{(gjt}lproolpejclg[e (7) or repeller
(53)asc aimed Tn claim , C aracterized in that the &rlve mecha&niSm & ?comprises a yoke (27) that
can move dri the disectioniofdhelpotation axist(@).1d6 4 T hehwariabte pitcll propstief ¢H)coraepeller (53)

as claim%q) l%é&@ glcg%rgg;%ggg él} th&} eth%]g 5i§% ﬂ%@@ﬂ‘& é 4) comprises a yoke (27) that can
a

be rotated about the rotation axis (B). 5. The variable-pitch propeller (7) or repeller (53) as claimed in
one of claims 2 to 4, characterized in that the locking facility (40) comprises bolts (41) that can be

moved inthedireetion of the. fotatiqn axis {B) and fhe rofar (23),0f thg fist tingmotor (21) has

openings (42) to accommodate the bolts (41). 6. The variable-pitch propeller (7) or repeller (53) as
claimed incigim Snénhadactefized in tat #or dlecwicabactaatorrthedbeking facikty (4e)Y-edmprises a

second electric mg-motor,(43), having an,annular stator (44),and ap ANYIAFIRLOK (4%)s Wingch have the
same axis as the rotation axis (B) of the variable-pitch propeller (7) or repeller (53), and a drive

mechanisim@6) fot converting e Fotatidiral PRRFEMENt df e PetBPEE)6 dhodemenPetthe bolts (41)
in the diregtion-ofitheJotationaxis (B)is. The locking facility can then have a

disk that can be rotated in the peripheral direction of the
rotation axis of the propeller shaft to fix the drive
mechanism or the linear motor in respect of a movement in the

direction of the rotation axis of the propeller shaft.

Figure 3 shows a simplified diagram of a wind energy system 50
having a tower 54, on which a nacelle housing 51 is
positioned, in which a repeller shaft 52 is supported
rotatably and drives a generator. Disposed at one end of the
repeller shaft 52 is a variable-pitch repeller 53, the basic
structure of which is identical to the variable-pitch
propeller for a nacelle drive described in conjunction with

Figures 1 and 2.



7. The variable-pitch propeller (7) or repeller (53) as claimed in claim 1, characterized in that the
electric drive facility has at least one electric linear motor having a rotor and a stator and a drive
mechanism for converting a linear movement of th gotor to a rotational movement of the blades about
their longitudinal axis. 8. The variable-pitch propelier (7) or repeller (53) as claimed in claim 7,
charactee’ %dl]ilpsthat the locking facility has a disk, which can be rotated in the peripheral direction of
the rotation axis, to fix the drive mechanism or linear 17 motor in respect of a movement in the
direction of the rotation axis. 9. The variable-pitch propeller (7) or repeller (53) as claimed in one of

the preceding clai teri y rgy trapsfer facility for the inductjve t r of electrical
energy f(ra'cL)fn ougtﬁgﬁ%}g\q}(ﬁ%b ezggéji Bartgop%%%rg (%r} regalerg %t %/ppgit% eardjl?s%%ig %éﬁ%%f(%o . 10. The
variable-pitéh propeliei{y)or vepeller (53)ras elaimheéd in bhe @f the(precedihgvelaings; Eharacterized in

that the %&_&C@&PJ’lf%@@efﬁg%itytﬂé_}é%oqwﬁ%%ﬁBﬂtaW%%H}? blades Qﬁ)ga@a_m\ﬁdcgy the electric
drive facility (20), the locking facility (40) is deactivatéd and when the blade pitch is locked by the

locking faciltty (40 tisdragiricadrivecfaeilineR0) is deactRa®as 11 €A praceheadive 1) for driving a
floating f@qigt(yegompﬁipg:
characterized in that the pitch adjusting facility (10) is
disposed in the hub (9) and is configured so that it only
allows a numerically limited number of different blade
pitches, preferably only two blade pitches, to which end the
pitch adjusting facility (10)
- comprises an electric drive facility (20) for moving the
blades (11) from a first to a second of the numerically
limited number of blade pitches and
- an electrically actuatable locking facility (40) for locking
the blades (11) in the numerically limited number of different

blade pitches.

2. The variable-pitch propeller (7) or repeller (53) as
claimed in claim 1, characterized in that the electric drive
facility (20) has a first electric ring motor (21) having an
annular stator (22) and an annular rotor (23), which have the
same axis as the rotation axis (B) of the variable-pitch
propeller (7) or repeller (53), and a drive mechanism (24) for
converting a rotational movement of the rotor (22) to a
rotational movement of the blades (11) about their

longitudinal axis.

3. The variable-pitch propeller (7) or repeller (53) as
claimed in claim 2, characterized in that the drive mechanism
(24) comprises a yoke (27) that can move in the direction of

the rotation axis (B).



an underwater housing (3) having a propeller shaft (5) supported rotatably therein and a variable-pitch
propeller (7) as claimed in one of the preceding claims disposed on one end of the propeller shaft (5).
12. The nacelle drive (1) as claimed in one of the R ceding claims, characterized by an electric motor
(8) disposed in the housing (3) for driving the propéller shaft (5). 13. The nacelle drive (1) as claimed

in one of the preceding claims, characterized in that the electric motor (8) is configured as a
permancht maguet motor 15 AL TS haC ol B (1) 60 o Ko of the Hreaeing olaims,
characterized by @& furthed variable-pitch propeller {€Kas clairhed in-bre of clagmsddbaifidisposed on

the other eng of the propeller shat (). 5, A wingd energy systen (A COmprFing: o

rotation axis (B).

5. The variable-pitch propeller (7) or repeller (53) as
claimed in one of claims 2 to 4, characterized in that the
locking facility (40) comprises bolts (41) that can be moved
in the direction of the rotation axis (B) and the rotor (23)
of the first ring motor (21) has openings (42) to accommodate

the bolts (41).

6. The variable-pitch propeller (7) or repeller (53) as
claimed in claim 5, characterized in that for electrical
actuation the locking facility (40) comprises a second
electric ring motor (43) having an annular stator (44) and an
annular rotor (45), which have the same axis as the rotation
axis (B) of the variable-pitch propeller (7) or repeller (53),
and a drive mechanism (46) for converting a rotational
movement of the rotor (45) to a movement of the bolts (41) in

the direction of the rotation axis (B).

7. The variable-pitch propeller (7) or repeller (53) as
claimed in claim 1, characterized in that the electric drive
facility has at least one electric linear motor having a rotor
and a stator and a drive mechanism for converting a linear
movement of the rotor to a rotational movement of the blades

about their longitudinal axis.

8. The variable-pitch propeller (7) or repeller (53) as
claimed in claim 7, characterized in that the locking facility
has a disk, which can be rotated in the peripheral direction

of the rotation axis, to fix the drive mechanism or linear



a nacelle housing (51) having a repeller shaft (52) supported rotatably therein and a variable-pitch
repeller (53) as claimed in one of the preceding claims disposed on one end of the repeller shaft (53).
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motor in respect of a movement in the direction of the

rotation axis.

9. The variable-pitch propeller (7) or repeller (53) as
claimed in one of the preceding claims, characterized by an
energy transfer facility for the inductive transfer of
electrical energy from outside the variable-pitch propeller or

repeller to the pitch adjusting facility (10).

10. The variable-pitch propeller (7) or repeller (53) as
claimed in one of the preceding claims, characterized in that
the pitch adjusting facility (10) is configured so that when
the blades (11) are moved by the electric drive facility (20),
the locking facility (40) is deactivated and when the blade
pitch is locked by the locking facility (40), the electric

drive facility (20) is deactivated.

11. A nacelle drive (1) for driving a floating facility,
comprising:

- an underwater housing (3) having a propeller shaft (5)
supported rotatably therein and

- a variable-pitch propeller (7) as claimed in one of the
preceding claims disposed on one end of the propeller shaft

(5) .

12. The nacelle drive (1) as claimed in one of the preceding
claims, characterized by an electric motor (8) disposed in the

housing (3) for driving the propeller shaft (5).

13. The nacelle drive (1) as claimed in one of the preceding
claims, characterized in that the electric motor (8) is

configured as a permanent-magnet motor.
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14. The nacelle drive (1) as claimed in one of the preceding
claims, characterized by a further variable-pitch propeller
(7) as claimed in one of claims 1 to 10 disposed on the other

end of the propeller shaft (5).

15. A wind energy system (50) comprising:

- a nacelle housing (51) having a repeller shaft (52)
supported rotatably therein and

- a variable-pitch repeller (53) as claimed in one of the
preceding claims disposed on one end of the repeller shaft

(53) .



