1 ARRANGEMENT FOR DETERMINING A FORCE ACTING ON A RUDDER The invention relates to
an arrangement for determining a force acting on a rudder. It is fundamentally known that in the
maritime area, many watercraft have autopilot systems. These are automatic control systems which
are frequently configured to be software-based and computer-implemented and which hold the
watercraft on a predefined course during the trip.1Such autopilot systems normally have position
ther types of position determining devices such as, for example, GPS receivers,
Ee s M IRQ@RdhERNEN Y M EQR e e IINEON A RUDBER autopilot
system, which can be determined and relayed, for example, by local measuring devices on the
watercraft. In the present context, the term "watercraft" is to be understood as any vehicle which is
intended fOPMAIVEBRERD TP GRS the AaBFARgeRINnt fAioBateaminingigsfake) arHem@d ot systems
further nopma@dy.comprise a control device which is configured to control the manoeuvring system of a
watercraft. Manoeuvring systems, in particular in ships, can in particular comprise a combination of a
propulsion unit, for example, a ship's propeller and a control unit, for example, a rudder system with an

adjustable;ruddgndarsieshaMANQRIWANG SY SIS theAtieeliaksyStaBRArGdiesiiantly, seafigured in
particular to control or adjust the rudder and can thus calculate the actual course of the watercraft on

the basis GHIRRIRr 85880 st PsHsy RrRUIAMGNoCpdtelsyBtPRe YraBRAERY BRBIRRMS.
FurthermosgnfiyiamioRRSLONNS sYsHLR donwatarmialt-arlapundeanthepider sty these are

generally computer-controlled systems for the automatic positioning of watercraft, in particular ships.

Dynamic PYRIREHRG &8n 2itRER BB RIS dUBRBIURSY Tk, PchafifiGaliels BEHERS fixed point

above the seahaf HRVECIVEIA ARONING ARIRELSIB Sfarsiyip-R & peRmarnewaRisiensuch
dynamic positionings are frequently used in_the offshore oil industry for drilling platforms or other

offshore WARNIESHS RS WRSefO5HIFE B x@npIdSaeivers, gyro compasses or similar. In

addition, other parameters can be made available to the autopilot system, which

can be determined and relayed, for example, by local measuring devices on the
watercraft. In the present context, the term “watercraft” is to be understood as
any vehicle which is intended for movement on or in the water (e.g. ships,
mobile driiling rigs, etc.). The autopilot systems further normally comprise a
control device which is configured fo control the manoeuvring system of a
watercraft. Manoeuvring systems, in particular in ships, can in particular
comprise a combination of a propulsion uni, for example, a ship's propelier and
a control unit, for example, a rudder system with an adjustable rudder. In such
manoeuvring systems, the autopilot systems are frequently configured in
particular to control or adjust the rudder and can thus calculate the actual
course of the watercraft on the basis of the parameters supplied to the autopiiot

system and the predefined aigorithms.

Furthermore, dynamic positioning systems for watercraft are known from the
prior arl. These are generally computer-controlled systems for the automatic
positioning of watercraft, in particular ships. Dynamic positioning can either be
accomplished absoiutely - i.e. the watercraft is held at a fixed point above the
seabed - or relative to a moving object such as a ship or a submarine vehicle,
Such dynamic positionings are frequentiy used in the offshore oil industry for

drilling platforms or other offshore watercraft. However, ‘ships, for example,



cruise ships, are now increasingly being fitted with dynamic positioning systems. These systems can
furthermore additionally include autopilot functions and can thus hold watercraft on a specific,
predefined course. In principle, watercraft can also have a dynamic positioning system and in addition
a separate autopilot system. Such dynamic positioning systems normally comprise, inter alia, position
reference sensors or other types of position deterfining devices such as, for example, GPS receivers,
gyro compasses or similar. These devices deliver watercraft position data to the dynamic positioning

~ system. Offigissudihisvicetscarbbe motasiigofebowfiltacnedtis, tynaxainpmghienoiing or
pitching of 3 Ship cap éjg g‘iqgg A ilot. dynami itioning system
comprisessg control Je‘l%\‘/glce vﬁich IS goni%éﬁ%o%%ﬁﬁ?éamﬁihﬁ%%5@5' %?n?&gr? Iﬁg‘%asis of the
parameter8i¥iipiiedhissheoty naairr peditioniry speeiic andetieftigdridomus stotedattieciife, In this case
the contro| pfithe, ma g systen -is#?%lp/ accomnlished | anne t a predefined
position should be held. In.tLe case (r)?ama oeuvﬁn %@%ﬁﬁccﬁ?ﬁ%ﬁ;g@t&a Ergégﬁéc?nsy%tem and a
propulsionS@RiEr dignaditopbsitichiatpBY stéHsharalfreegéntlyp caipabie®f cystesting hotmaibsystems.
Both the dypayyiROSitianing sy %glﬁc?rpqélﬁgr@r% pi ARyt f tercraft can be sumed
under the geﬁ{giq term aut_oma’ti?control systems %orgwatercranét. I§ Eﬁgiﬁéﬁ%%yﬁnﬁ%s’%i ioning
systems nefiFEIRiTiNehep R asEaraiopamEisURMPdsted fis dgermboimpaseasuoement data
of physicabgupitiienebiheupiescrafian.at Piisisalarasiaaacing an the yatergra Autoniot
systems can also comprise such measuring devices. In this case, it Is for example Known to determine
the wind sB@HYENRGiRESENMh&EIED SHEh HeviteDEaTeRsUTIAGAlesRRRSOCO Iigwddras @émd sensors.
Alternativeyy: oraddiionally il B SikR n&eadege ugg fhe t?]&\f%lrlrmﬁgﬁe%é Qlepuifablg wind
devices. In this respect, the at least one measuring device and the means for determining watercraft
position dAdIPPHOIdEYRIBR sl RNl cpdsiliedineoisysiare, fameRtagsiea acaitputéewith reference
to the POSWARAT K1 shivaRel e QeRRbATALIRESHOR A AEI A ALAeTEN RRViiaRegfaforces which

(can) influence the 3 position of the watercraft. On the basis of these parameters and information on a

desired coRAERMEISFScEEsIPFAnicotiige dymaimic pesitioning syruamarrdidr blethalgrridpitst system,
which candig Biegrater inthg, féOBHQé%\Qc&ﬁﬁ&“@tﬁeoﬁl%gﬁﬁng gg&&mgfﬁﬁs fined

algorithms the necessary control parameters on which basis the contr vice relays control signals to

the manocRAMBRIPEREbEHE shipannRe iatéer ere sinptheesianfrivndd deisekdcirditgly. By this
means the.deaired GauFRSAUHy walRiRrAl capiisiRid obdie PLedelied narlion repghed or held

The manoeuvring system of a watercraft can, for example, comprise a rudder system and a propulsion
unit, in paRERYISE Propilsiof YHTRimEH e PAHBONIBE e rSYFERENS indtan eABrilly corapabls fudder and a

rudder adjystngieyieR Q@E@%@nﬁ’s.ﬁ%&iﬁ'%@Qd%aﬁm\{cc%ﬂl%%ﬁé‘%?ﬁéﬂg‘%ﬂﬁviﬁ% and the

propulsion unit, the thrust and the rudder angle of thé watercraft or of the manoeuvring system can be

varied andPtHERIRS R ale arriaiseall cRneiRatiiorInee by aif tenceantris eWndetermined

by known auieRilaiSysHIMBEsIPRAMIE Rasiiening systems at a given time that the course or the
position of the watercraft must be changed on the basis of the present watercraft position and

measurement data, the manoeuvring system is controlled and the drive power (thrust) and/or the

rudder angledacBred Rliequanil Ay /e R LSNP e resil e puEsR b e watercral

is frequently changed beyond the desired course or the desired position Is not reached directly so that

the craft USRRHERNBSEefeiPRGRIPIIRE S pPE AR BiBEHb AR pRhdvS aals dBanESs Féquent
controllingjqs agiueiment ofrths rufdei-andieanctisessbing scopinupusrhangednsiperformance

of the propulsion propeller within relatively short time intervals. This process is designated as

"switching &SN e s M1 SHRVES ISHRT tMEAMABSLARACSFstdm [Hiexeassivélyistiessed or the
desired casampletiaslositedipasiinndiniyinat swithatelain HheE WAEsviRisHaa lead to

increased abrasion or increased wear of the manoeuvring system and can have the result that the

course tal{Eﬁ%ﬁpfﬁégéﬁﬁb’i%eﬁéﬁlﬁﬁw'%?ép}ﬁm%{d.sen30?3- Alternatively or additionally, it is

further known to determine the swell by means of suitable wind devices. In this
respect, the at least .one measuring device and the means for determining
watercraft position data provide information for a central control device, for
example, a computer, with reference to the position of the ship and the extent

and direction of action of certain environmental forces which (can) influence the



4 Furthermore, in the case of autopilot systems the required propulsion energy of the watercraft is
increased due-to the frequent rudder deflections. Embodiments of the present invention seek to
improve autopilot systems of watercraft and/or dynamic positioning systems in such a manner that the
switching hysteresis is reduced. According to a first aspect of the present invention, there is provided
an arrangement for determining forces, namely adift force and a resistance force, acting on a rudder,
in particular spade rudders, for watercraft, in particular ships, comprising a processing unit, at least

one measBARbidRAtWELssRhifeN Higckasia Phisieal rrraMmees AN deAaHer @bending
stress and{of & fRIgue, A DeANSIANHENFRIBINGNG HS IR RGeS staaPhysierlguantity to

the processing unit, wherein the processing unit is configured to determine the forces acting on the
rudder on ¥R BHEIRIH tRESERILrMIMEd ¢am ofﬁtﬁsrﬁk@fgiaaﬁa@a@ﬁwraha@M@eW{ﬁ@iaﬁ%ast one

measuring,feyige i5.disPaseshdirrthandhs BiiderAoagIingie AReCABLRSRARF! o6l Present

invention, there is provided a method for determining forces acting on a rudder, in particular a spade
rudder, foPREaBIRIANR, Prpahichiabasipstieheriiid iguisdf EeigsieantGartignatsa widder, namely a

torque andialRORRHIROLRSS: & HRLeURIpe HdnaRS Ol 18RSt PRRIPEasHIBAARVisR Wherein the

at least one determined value is transmitted to a processing unit, and wherein forces acting on the

rudder, na@RERFAMEYoRRe Bt Measstitdesied sRURROTIRR MBjateaR<canthe hieleesing unit on
the basis gf the-determingdAideatiireyaligepnerein the measurement is carried out by means of

the at least one measuring

The manoeuvring system of a watercraft can, for example, comprise a rudder
system and a propulsion unit, in particular a propulsion propelier. The rudder
system in turn generally comprises a rudder and a rudder adjusting device, in
particular a steering engine. By controling the adjusting device and the
propulsion unit, the thrust and the rudder angle of the watercraft or of the
manoeuvring system can be varied and the direction of travel and speed of the

watercraft thereby influenced.

It is now determined by known autopilot systems or dynamic positioning
systems at a given time {hat the course or the position of the watercraft must be
changed on the basis of the present watercraft position and measurement data,
the manoeuvring system is confrolied and the drive power (thrust) and/or the
rudder angle is altered, but frequently not at the optimal level. As a result, the
course of the watercraft is frequently changed beyond the desired course or the
desired position is not reached directly so that the craft must then be sieered
again in the opposite direction. In practice, this results in frequent controliing or
adjustment of the rudder anglé and possibly in a continuous change in the
performance of the propulsion propeller within relatively short time intervals.
This process is designated as “switching hysteresis” and has the result that the
manoeuvring system is excessively stressed or the desired course or the
desired position is only set with a delay. In other words, this can lead to
increased abrasion or increased wear of the manoeuvring system and can have

the resz_.lit that the course taken by the ship is frequently not optimal.



4a device disposed on the rudder, preferably on the rudder trunk and/or on the rudder stock of the
rudder. According to a third aspect of the present invention, there is provided a dynamic positioning
system for the automatic positioning of a watercraft, in particular a ship, comprising a rudder, in
particular a spade rudder, an adjusting means, in particular a steering engine, for adjusting the rudder,
a propulsion unit, in particular a propulsion propeller, a control device for controlling the adjusting
means and/or the propulsion unit, means for deterfnining watercraft position data which are configured

to transmit fieateserafh RASiaBdaiaRdNR CONiBhdeHE & calkat RaSlIGRR RIRAgYHievice to

determine measurement data of physical quantities acting on the watercraft, wherein the at least one
measuring WaiEEaE BRFgared fjg?E&n@ﬁlf?‘?ﬂ%eﬂéfgpﬁﬁﬁg%iﬁ%é)@ﬁ'rement data to the control device,

wherein the control device is configured for controlling the adjusting means and/or the propulsion unit

on the basig QLIGWAE G b RPSHIAN iHAARACEI TREARHER D BDIJIAR S YISHRININGa g ast One

measuring devijce is disposed on the rudder and configured to determine rudder measurement data of
a physical G4 BRHAE RRRESRh SYSIRTR L SHAD PURFels RBh isLradSa L RIS Poltes, namely

a lift force amdumaegsistive force, acting on a rudder on the basis of the rudder measurement data of the
physical quantity of the rudder, and wherein the control device is configured to take into account the
rudder measurement data in regard to the controlling of the adjusting means and/or the propulsion

unit. Accoringifha {9uHRsBE5L o e PFESRRYNLARYINNLIETE SRMEY ARANRIRTGYStem for

the automatic course control of a watercraft, in particular a ship, comprising a rudder, in particular a
spade ruddesteamiaiadargmaane Nipiitfertsr andieeisi§ianemnioresr aeieting thefg8ter a control

device for gesralling theadissdiaorsnaanscraranS Rt ceie smingowatRIBHRAL posiemgata, which are
configured t? transmit the watercraft §0Tsiti n data to théﬁ control dﬁvice andnfﬁ least one measuring

device to d& é?ﬁﬁ HERE r'r‘ﬁ%ﬁfe [EERe] Eﬁ?/g%g'ln&u\énlfﬁlsegfaacﬁnﬁsgﬁ EtH%""Wéﬁ(e? laaff','%ﬁrerein the at
least one nresselyirg weviteg isteeafgnulied totramsmittherdatermimeshanatisgr dmeedktdaténta the control

device, whegiphe: R0t devics. 5 forviowed ot apikaling heAdiusting eans o hs.basis of the

watercraft position data and the measurement data, wherein 4b the at least one méasuring device is

disposed oRREIHIRIIE? dpi§T8IB8ARR (PESIAaEerRTABE THffer fie i Pasie st dadleraprgdical quantity

of the ruddegivbersiniBestgsial dexitryissaaniigeres theleiensise JAECeseAMely Religdokce and a
resistive forge, actiéﬁ on a ru?der on the basis of the rudder measurement data of the physical

guantity of EROG HH%E?@M fjr%'control device is configured to take into account the rudder
measurement data in regard to the controlling of the adjusting means.

According to a second aspect of the present invention, there is provided a method for
determining forces acting on a rudder, in parficular a spade rudder, for watercraft, in
particular ships, wherein a value of a physical quantity of a rudder, namely a torque
and/or a bending stress, is determined by means of at least one measuring device,
wherein the at least one determined value is transmitted {0 a processing unit, and
wherein forces acting on the rudder, namely a lift force and a resistance force, are
determined by means of the processing unit on the basis of the determined at least one

value, wherein the measurement is carried out by means of the at least one measuring



. According to a fifth aspect of the present invention, there is provided a method for the dynamic
positioning and/or for the automatic course control of a watercraft, in particular a ship, comprising the
following steps: a.) determining a value of at least one physical quantity, namely a torque or a bending
stress, of a rudder, in particular a spade rudder, of a watercraft, b.) determining forces acting on the
rudder, namely the lift force and the resistance force, on the basis of the determined value of the
physical quantity of the rudder, c.) controlling an a&'usting means for adjusting the rudder, in particular
a steering engine, and/or a propulsion unit of the watercraft on the basis of the forces determined in
step b.) andiapie By uabatMiercsalbROSIHEN SRtA NN MR SFRILMPASKH RS Hadr, and
optionally d.}g?e%t? steps a.) to c.). According to a sixth aspect of the present invention, there is
provided a fudlers eg’articular a spade rudder, for watercraft, in particular ships, comprising a rudder
trunk and a rudder stock, wherein at least one measuring device is provided on the rudder trunk and/or
on the ruddéccstoidky Winiehttsréoadigiatedf tthd epeeseinte itventalne thba phystocaldgdantityrefriive rudder,
namely a beadipgisl SR AL wider tointsansdiandniteduddgssiack | {4 ActREAYe dpghe rudder

stock, and wherein means for transmitting the determined value of the at least one measuring device
to a data pRACRREHRY FhitdAsprBVRaEE YRR &rERPHife s AL BELRLN B TSR So AR EEMR' determine
forces actirsjeerirgy reigies, ameelysingt foecedanet,aar gsigtivedoraeii,on thetlakis afflvpykigaical quantity

of the rudd%Fop%ﬂé,ya@S%lemi%gfé’taéUﬁt?o%g Ry sabfepiElaed- NG dBIRSLAIRG on the

rudder, the force acting on the rudder can be determined at any time. The measurement of the values
of the physlBaPRRdRLREIR TG ReaBIES X pRerdiny iR ivd BRI fiseebiatBRsRY, possibly
recurring intexteadsafinppaitimulaatdt is thepednénl téesary aut thielsasiasneemestiemigtiveus|yoduring the

travel of thewyatetrsafi iwiistholding xv@g%g@{ﬁ@saaeﬁﬁ@mﬁe RARIHOL: B BIERNRLT the

present arrangement, a specific quantity of the rudder, i.e. the Torce acting on the rudder, can be

determinePArREFLIA)R dYPEUIHIRYCH JSifBRTIRyreyste rans gt pdsterefse measidraeaiuate this
rudder quadtty togatheontith teeiathehpeaianietersntmitievinasis obaliguestefsrechatgdinthinand as a

result are able tg hetieldetsrmine e Splikiah MagRiuds pithe shandedtiha:rydder apgle or the

optimal level of the power increase or reduction so that switching hysteresis is avoided or at least
reduced. TREGERR "SFSIER YU LRy “O&riR BifnmeldRe B ARy EsHIRRdRYF B dtedisRRaBTeProperty of
the rudder thethedried ded systigneadd dadaeihendeuwizasueadumectly dajanoé anshpdithe qatdefigt one

measuring geyice REASHHERAUALURAY Btk he ARAUGRA 75 GRICHME D hgpsasied quantity
measured by the measurin _ _

force and a resisfive force, acting on a rudder on the basis of the rudder measurement

data of the physical quantity of the rudder, and wherein the control device is configured

to take into account the rudder measurement data in regard to the controlling of the

adjusting means and/or the propulsion unit.

According to a fourth aspect of the present invention, there is provided an autopilot
system for the automatic course control of a watercraft, in particular a ship, comprising a
rudder, in particular a spade rudder, an adjusting means, in particular a steering engine,
for adjusting the rudder, a confrol device for controliing the adjusting means, means for
determining watercraft position data which are configured to transmit the watercraft
‘position data to the control device, and at least one measuring device to determine
measurement.data of physical quantities acting on the watercraft, wherein the at least
one measuring device is configured o transmit the determined measurement data to the
control device, wherein the control device is configured for controlling the adjusting

means on the basis of the watercraft position data and the measurement data, wherein



5 device. The calculation is expediently also made by means of the processing unit. However, the
measuring device can itself also be configured to determine or calculate the physical quantity on the
basis of the measured quantities. The processing unit can, for example, be a suitable computer or
similar and can optionally also be part of a dynamic positioning system. In some cases, such quantities
are also designated as "physical-technical quantities” or "technical quantities”. Such terms are also
covered by embodiments of the present invention. The means for relaying the determined or
measured quantity from the measuring device to tﬁé processing unit can comprise any suitable

gwea_mS-_ Ir} nﬁétiﬁulfyasah@n?eﬁébssl sﬁﬁgg@%m@@béemgoob)ggﬁmﬁmﬁagﬁan_@ﬁ%ﬁf@aré@woﬁnegiS_uring
evice is frequently expediently provided directly on the rudder, the processing unit normally being
located outg%l%r?ﬁgerd %‘?E%%%%’H%é%%h(g \?/é)[q&ﬁ%}tj.%amlgl r%gg’@cf!’”fj&eé%‘énﬁﬁ’é‘, ¢ able can be
run from thgomtdﬂejgwﬁmie pmo&'gmgow@it@amdjmermasammgdmﬂqercalar@aarmwgd wiﬂ@,a
correspondipg (egei Gl R P RIASRAIGUIGAD e RTVder Wil 3R esponding ssoiver

Likewise, suitable transmitters and receivers are expediently provided in the case of' a Wirbless

transmissio?f. thRepeee Mg ifta e ewripridey itsrbuysiitHm saketinishresenetféiee acting on

the rudder eaaibensiaianraingst aaealcriatedomibechasifel Mr-Adusisphthpgetermined values of
the physical quantity. In principle, this force can be any suitable force acting on the rudder. Preferably,

the lift force of the rudder and/or the resistance force of the rudder are determined according to

embodimerR inveniion, | e t context, the lift force in particular comprises the force of
the dynamic %:L%(Ecy}/%%c'{%/gf "[ e ?Sgﬁgréﬂ%ﬁ%ﬁ ,ts'B%%ﬂtgo%rg;éeéteriissegr@ﬁdeenga‘? b%%%?‘rgl)ﬁ%ér having a
specific shébéﬁtﬁfr*lﬁé@ﬁibﬁmﬁ@\%@fﬁélé}f\féQ@@qmﬂii((watéw U b e evaiesaeBy i theaftiiddiar the liquid

on the body, igisualivaks oMb, Wi s ORPABRARRITNC.NS SRR RiGRUOYANOY AELNg transverse

to the direction of flow or to the longitudinal axis of the watercraft and the frictional resistance
(resistance F678EY aBERG XIBIGBHE iR AFOHIBY AUGSEr tha IHAgRU MRS Les FiRRARR IS In marine
engineeringtirclagrthefttarmssiifnioiag fanes Bctegistaheadades, refntal tudderrawe: alse figquently

designated by eir English ferms Hilt adadhagcinpartisnlar e magaitule of e i force is crucial
for the rudder action. The lift force 1s sometimes also designated as "lateral force™ of the rudder.
rudder, ¢.) controling an adjusting means for adjusting the rudder, in particular a
steering engine, and/or a propuision unit of the watercraft on the basis of the forces
determined in step b.) and optionally further watercraft position data and/or watercraft

measurement data, and optionally d.} repeating steps a.) to c.).

According to a sixth aspect of the present invention, there is provided a rudder, in
particular a spade rudder, for watercraft, in particular ships, comprising a rudder trunk
and a rudder stock, wherein at least one measuring device is provided on the rudder
trunk and/or on the rudder stock, which is configured to determine the value of a physical
guantity of the rudder, namely a bending sfress in the rudder trunk and/or in the rudder
stock and/or a torque in the rudder stock, and wherein means for transmitting the
determined vaiue of the at least one measuring device to a data processing unit are
provided, wherein the data processing unit is configured to determine forces acting on a
rudder, namely a lift force and a resistive force, on the basis of the physical quantity of
the rudder.



If the actual magnitude of the buoyancy or the resistance of the rudder is known in each case, the
rudder system or the drive system of the watercraft can be controlled more accurately on the basis of
this by an autopilot system or a dynamic positioning system in order to achieve the desired course or
the desired position. The relationship between buoyancy and resistance is shown schematically in Fig.
5, where UQ designates the propeller flow of a propulsion propeller of a watercraft (not shown here)
and 10 designates a rudder located within this flowc The rudder is twisted at an angle a with respect to

the watercrat ipnailudinalaliacionr B e dinin abibe o O Narmaly e ateisrar

longitudinal direction 18 and the direction of flow are identical. The resulting lift force running
perpendicutl? {885PaRE 661 NS: SRR CaTeR SRS A i R i F e R B RS Wh B the arrow
2_0, whereasaihesrestsmpm&simbeummmd hydtee iare@meaﬂgrarspbamsdirmmheawqtemgafbimgitudinal
direction 18, Iheatiows 2 IRIRAEPIRGTAS YRGiarRan MIdeausbakning aaniideand the

direction of the respective force. A force resulting from the two aforesaid forces is ‘depicted by the

arrow 22. TREGHERBAHUN P LHuHSY EyingidSaktivean] B irsraliispioh st o Batercraft
since thesevsibrstaritial ordzy!ﬁdjetﬂst;idr@timddﬂr m@dr@oommg/ ple ot mtamgdhemr@pslﬁt_)iﬁmnit and
consequently, g IsMALOY L ift dofe pidbe amidsy indyndamentally guusiahien Galcrialiag the rudder

angle and the corresponding control. Accardingto embodiments of the present invention, autopilot
systems cal? g RRAEY ISR ETh Ya ARy RRiRt - SHFPEmMAGh SURNA T RIS AL Kith the
result that thmnwyesgaﬂyepmﬁum@@teaep@yaufmmmer_aﬁs@uf tzemg@e‘meérmiemhlyand’ Ina
preferred embadinent,of thadnyeptied: Hae-RRYSIGAL ALY ga@ma@'ra% BlkesnAgd/al fioraue.

Alternatively to the bending stress, the bending moment acting on the rudder and Causing the bending
stress in th&“ff§6EPe5Pall KR UBR IRYRIeY. BRI IIRCIERSE Ahdselitfes hetasiiéhiRge can
readily be deteenesied byaidddutatibieast thdubasis of the bending stress. This is also possible on the
basis of the torsional force acting on the rudder, i.e. the torque. It is particularly preferable to determine
both the bending stress and the torque in order to obtain the highest possible accuracy in the
calculation bheHerforeaysinsiny anitticandderiminedendingoaeidsbaely isetdariratinct qparticularly

advag_tagequ:ﬂ@h\é?l ime?r@ﬁﬁe%aeaﬂ@g@ﬂg&ssas é}tF@ﬁ%g ﬁfégﬁj@%@%&‘ﬂglsmﬁ@%slBg@%tg?zulan itis
expedient that the at least one measuring device is configured to determipe t nding stress acting
o ruddel FONE A 0 o Tt LB e R ARA o At B RGBT Rt stock of
the rudder. thertngdevretnkastiis atbhswartiov e imegrvdiegudders and consists of a hollow support which
is guided from the watercraft body into the rudder, inside which the rudder stock is disposed and
mounted. For this purpose it is further preferred that the at least one measuring device is disposed on
the rudder trunk, in particular on the inner casing of the rudder trunk, and/or on the rudder stock, in
particular on the outer casing of the rudder stock. The rudder trunk of a spade rudder is designed in
such a manner that it absorbs the bending stress acting on the rudder and removes it into the
watercraft body. In this respect, the measurement of the bending stress is particularly expedient there.
The measurement of the torque on the rudder stock is also expedient since this forms the axis of
rotation of the rudder. In particular, it is preferred that the at least one measuring device is disposed in
an upper region of the rudder trunk and/or the rudder stock facing the hull. The measuring device is
preferably disposed in the upper half, particularly preferably in the upper third of the rudder stock or
the rudder trunk. This is particularly advantageous because the bending is frequently greatest in this
region and the



8 aforesaid regions are furthermore most readily accessible for the attachment of a measuring device.
In particular, these regions are frequently located inside the hull so that optionally cables or the like
can be installed in a relatively simple manner. In order to obtain a particularly high redundancy of the
measurement or in particular in order to determine two physical quantities, in particular both the
bending stress and also the torque, it is expedient to provide two measuring devices which are
preferably provided on the rudder trunk and/or on the rudder stock. Furthermore, in this embodiment,
the two measuring devices are preferably arranged offset with respect to one another by 80 to 100, in

particular s@64EANS 55190210 R BRIS ALY CRISANTREREN BY SReRBYinBACRIAGRIBO MK or the
rudder stockichisisnffsetrastmngagenticd thm tivelintas beng wiexiees with tespecbiocanalg&sother is in

particular idga{ighiefn iy SRRl anal i ind R adanaganedn 1his sese gl (g i force and the

resistance force of the rudder also act substantially orthogonally to one another at'in éach case
one measufigFdRTIRE: & BelitBbitcPRP Hste B R HATLICR PRI WA fernmarthef Kasis for
determiningiyespectpmsitionie ofyisterafdresaicfareas., [suphinpipleitiaeveeyefisoniesguegsaest can also be

made only ep,{he uddRr PG AARLY BP-HRerHAARTERlksIn é’amelrﬁqst%‘fg%%%fggggg% Gyjce can

comprise any Suitable measuring means known from the prior art. Partic y the at least
one measufify PR BHIKHRESS LR RMRlge strip, optical measuring means and/or means for

measuring vibration frequencies. By this means reliable measurement results can be obtained in a

simple and @9@%@&%@%@%@{hgeét@nmﬂébsa?fm@ai&h&%%{g&%& ?Jom%r%%%s%no%g&t can be

determined, 9 Itis furthermore expedient that two measuring devices each are pr Sn the rudder
trunk and/olPoHARECRSGHER SYERARAAMREPRRIHRYEREE S1eRRSaderticUridiinimeansFdpasis of the
measured alogg®btedme mweesssingatie treesancsthe rebistancesforee obihe ngddegiesistermined on

~ the basis ofghe MmeasWed 2R NG AHEFIRRASHING SRRy unit normally being located
outside the rudder system on board the watercraft. In this respect, for example, a cable
can be run from the rudder to the processing unit and the measuring device can be
provided with a corresponding receiver and the processing unit can be provided with a
corresponding receiver. Likewise, suitable transmitters and receivers are expediently

provided in the case of a wireless transmission.

The processing unit in turn comprises suitable algorithms with which the force acting on
the rudder can be determined or calculated on the basis of one or more of the
determined values of the physical quantity. In principle, this force can be any suitable
force acting on the rudder. Preferably, the lift force of the rudder and/or the resistance
force of the rudder are determined according to embodiments of the invention. In the
present context, the lift force in particular comprises the force of the dynamic buoyancy
of the rudder. in general, such a force arises when a body (rudder) having a specific
shape or position moves relative to a fluid (water). The force exerted by the fiuid or the
liquid on the body is usually broken down into two components: into the dynamic
buoyancy acting transverse to the direction of flow or to the longitudinal axis of the
watercraft and the frictional resistance (resistance force) acting along the direction of
flow or the longitudinal axis of the watercraft. In marine engineering circles, the terms “ift
force” and '



10 In both systems means for determining watercraft position data transmit these to the control device.
Likewise, the measurement data of the at least one measuring device are transmitted to the control
device. The measured data can be measured values of the physical quantity of the rudder or values
determined or calculated on the basis of the actually measured values of the measuring device.
According to embodiments of the invention, instead of the usual measurement data known from the
prior art, rudder measurement data of a physical géantity acting on the rudder are now used for the
first time. These rudd?r mq;ga?tﬁ rement data are also transmitted to the control device and are used to

determine tHE RO oRitiBRING 57 AlRGHIZHCHUTTLS (IR BRFLERSR TBE  Hhrticular on
the basis ofathe figgletmisatitremér deaenitbdeaefjtistitity formans andier fdretipropdisioagtinopeller are

controlled by, agis b mMaRRSsAKYg-RIOR S IRRRIBRIL o RR[IMpNlY, a substantially more
accurate control of the manoeuvring system of the watercraft can be accomplished by the systems

according to embodiments of the invention and the switching hysteresis can thus be reduced 11
considerably tha et sl siegnivdecdrihiaduoventyotlithe mesistative irvibationdenéakovementatita

exclusively ggdatingstautherdgeenaes iheraioreyserhior the fsbima il ihe ResiioningRRAd control of

the watercraft. The physjcal quantity .of the rudder is preferably a bending stress and/or a torque.
accurateig) OX the bgsis otf %Es by an auiopilot :Eystem org dynamic pgositioning system in q

order to achieve the desired course or the desired position. The relationship between
buoyancy and resistance is shown schematically in Fig. 5, where U, designates the
propeller flow of a propulsion propeller of a watercraft (not shown here) and 10
designates a rudder located within this flow. The rudder is twisted at an angle a with
respect to the watercraft longitudinal direction 18 or the direction of the flow U,. Normally
the watercraft longitudinal direction 18 and the direction of flow are identical. The
resulting {ift force running perpendicular fo the direction of flow or the watercraft
longitudinal direction 18 is shown by the arrow 20, whereas the resistance force is
depicted by the arrow 21 and runs in the watercraft longitudinal direction 18. The arrows
20, 21 are depicted as vectors and indicate both the magnitude and the direction of the
respective force. A force resulting from the two aforesaid forces is depicted by the arrow
22. The relationship shown in Fig. 5 is particularly crucial for autopilot systems for
watercraft since these substantially only adjust the rudder and normally do not act on the
propulsion unit and: consequently, the level of the lift force of the rudder is fundamentally
crucial for calculating the rudder angle and the corresponding control. According to
embodiments of the present invention, autopilot systems can accordingly manage with
substantially fewer and smaller rudder deflections with the result that the necessary
propulsion energy of the watercraft can be saved considerably.



Furthermore, the control device or optionally also a separate processing unit is configured to
determine a force acting on the rudder, in particular the lift force and/or the resistance force, on the
basis of the determined values of the physical quantity of the rudder. The force acting on the rudder is
then used for positioning or course control and in_particular for controlling the manoeuvring system of
the watercraft. According to one of the previously described embodiments of the arrangement, the at
least one easurigg device of(}he two ?y tems can be onfi%rred to deterr{)\/ine a force acting on a

rudder. In!PaRiRIFE R EMARIIRGRid M NGEHIRR: En BRYSHR oA HRNHYN Shflc 58 Shing or
autopilot sypéem anwhereintdglenalien efihe\proapssighumtfgredhetay argrimegnineandse taken over

by the control device of the respective system. Alternatively, the processing unit can also be provided
eparatel GBS ARG S BRI B RISHEN GHBSSHREAEONASy SRnRSa Rifther
measuringiggsfiegnisdr edae dhavhiiciis ondigired ¢o eteanisewaieforedl peapulsiniiynpasurement
data in relation to the propulsion force of the watercratft, in particular the thrust. This is preferably
provided (ﬂﬂﬁ%ﬂ?g gﬁ'aff?ff’l‘f?%{'ﬁfb;ﬂﬁsim?p @Sé?le?{)hﬁe%&{g%?aﬁ.rﬁﬁﬁhé}jﬁlﬁ)r@, 1# %ontrol
device is ganfighbieedriatiakeaisitoFabeunt Sienapierceaiiqirapuisicremedsgremenhddtardusegard to the
controlling of the adjysting means and/or the propulsion propeller. Copnsequently, in this embodiment,
i addition (B MR RE AR GEeT S ALK DRRASoR RS U Hatieare Used in
controllingrtherdeanoesiig bigsteonct? pbihubivatercisdcoriintospasatathinthefaigerithoeéorming the
basis of the control. This is particularly expedient because the thrust of the watercraft acts precisely
against tBAREHA T dH e S R Toat oy e P SR Ao B Heer. 1 i

. respect, wativihetsgelitienaliprohisioasd the wedererafidaepulsoramessitrashehedatgpeisgiossible to
obtain exte%Psive information about the manoeuvring system of the watercraft. In particular, on the

basis of tHe88'H4H8  the control device can determine or calculate the net manoeuvring force and use
this for the process of controlling the manoeuvring system. The relationship between these individual

ores = Iesine o ocionetn By 6 s Reen i dogran e S neri
manoeuvriogjwmmﬁzﬂem md@it&gmfmlsfﬂnﬁr_t@mna thust 28 ﬁfrrdﬁir- aiasidwc_gt)o@hd the
B g A R B R s b tems
rudder trunk is used in particular in spade rudders and consists of a hollow
support which is guided from the watercraft body into the rudder, inside which
the rudder stock is disposed and mounted. For this purpose it is further
preferred that the at least one measuring device is disposed on the rudder
trunk, in particular on the inner casing of the rudder trunk, and/or on the rudder
stock, in particular on the outer casing of the rudder stock. The rudder trunk of a
spade rudder is designed in such a manner that it absorbs the bending stress
acting on the rudder and removes it into the watercraft body. In this respect, the
measurement of the bending stress is particularly expedient there. The
measurement of the torque on the rudder stock is also expedient since this

forms the axis of rotation of the rudder.

In particular, it is preferred that the at least one measuring device is disposed in
an upper region of the rudder trunk and/or the rudder stock facing the hull. The
measuring device is preferably disposed in the upper half, particularly preferably
in the upper third of the rudder stock or the rudder trunk. This is particularly

advantageous because the bending is frequently greatest in this region and the



13 The watercraft measurement data in this case are measurement data relating to other physical
guantities acting on the watercraft, for example, wind strength, swell, etc. Expediently the individual
process steps are continuously repeated during the trip of the watercraft. Consequently, the force
acting on the rudder is determined continuously and in a repetitive manner, which leads to high-quality
results in relation to an optimal positioning or course alignment of the watercraft. In particular, the
method can be carried out with a dynamic positioning or autopilot system described previously

according tgrerabaginenisLdRYeon. InAPieleeceriadin eyt idhadean agerding to

embodiments of the invention, the propulsion force of the watercraft, in particular the thrust can further
be determifBePSW tesitRe tliBAGYInSRaSRIEFIENt @ SRIHSHY Lottt HoR B8 AHl $Re resistance
force and detetropitenaliwedbtesaft thalieetaringifetaliedrim el anasipeltvsiagntoneer of the watercraft on
the basis of the aforesaid three forces, wherein the controlling in step c.) is carried out on the basis of
the watercraft manoeuvring force. By this means, the switching synthesis can be further reduced. The

data procesBiRFEhIPCRIAR Bt HE OB RIS Pl RaMSERARME™ O PR BéRitBning or
autopilot systeen teaithamntine megsysigldevicitied, thepartceacastbmebaplivchtetsisenadsyistem. The
values of ihephysiGal RUANUEARRITCHRS e AR RLALRRL BLey %wcnea(?stgfgwsadpn the basis
of the measured data by means of the measuring device or optionally a further processing or data
processing RIRARHIPRUHMFa MATSEr THBkItRIFA infotniBR oY d¥RuBtRER ruBHEPIBRES: oitH®Fudder 14
action can eeitratismitictt e tvtherafasedagddey siesne s erifatdble eoatigddbifsetmathoewpestgsystem of

the watercrgfi.can fale RipcsomesedpeUTRtE RGN LRHIRg SHPBesIS caR BRIy chd:
circumference of the cylindrical rudder trunk or the rudder stock. This offset arrangement
of the two measuring devices with respect {o one another is in particular identifiable in a
cross-sectional view. [t is advantageous in this case that the lift force and the resistance
force of the rudder also act substantially orthogonally to one anocther so that in each
case one measuring device can be provided to determine a physical quantity which
forms the basis for determining respectively one of the aforesaid forces. In principle,
however a measurement can also be made only on the rudder stock or only on the

rudder frunk.

in principle, the measuring device can comprise any suitable measuring means known
from the prior art. Particularly preferably the at least one measuring device comprises a
strain gauge strip, optical measuring means and/or means for measuring vibration
frequencies. By this means reliable measurement results can be obtained in a simple
and cost-effective manner, on the basis of which the value of the physical quantity can
be determined.



Embodiments-of the invention also provide computer program product, comprising a
computer-readable storage medium or such a computer-readable storage medium itself, wherein a
program is stored on the storage medium, which, after being loaded into the memory of the computer,
enables a computer to carry out one of the previously described methods, possibly in cooperation with
an arrangement, a dynamic positioning system or an autopilot system as described. The invention is
explained in detail hereinafter with reference to vagous exemplary embodiments shown in the

o gD eI g delaNeRORA S SHENBH SL3 e 1

measuring devices for determining a torque an ing stress Jshows a sectional view of a
partial regidfYof andiagen fﬂ?ﬁN% %{Q‘Ej‘d&éfj dheEksfi F@f'&&éff WWH@%S@W%%@@@MP@OM ue and
bending stressis Figthashews sedchareatc Wewref fehsimint ot R ghsysiashince force of

the rudder is determined on the basis of the measured values of the other measuring

device.



Fig. 4shows a schematic view of an autopilot system, Fig. 5shows a force vector diagram to illustrate
the relationship between buoyancy and resistance and Fig. 6shows the force vector diagram from Fig.
5 with thrust and net manoeuvring force additionally indicated. Figure 1 shows a side view of a rudder
10 comprising a rudder trunk 30, a rudder stock 40 and a rudder blade 50 with articulated fin 51. The
trunk 30, the stock 40 and some partial regions of the rudder blade 50 are shown in a sectional view.
In its upper region the rudder trunk 30 is firmly confiected to the

In both systems means for determining watercraft position data transmit these to the
control device. Likewise, the measurement data of the at least one measuring device are
transmitted fo the control device. The measured data can be measured values of the
physical quantity of the rudder or values determined or calculated on the basis of the
actually measured values of the measuring device. According to embodiments of the
invention, instead of the usual measurement data known from the prior art, rudder
measurement data of a physical quantity acting on the rudder are now used for the first
time. These rudder measurement data are also transmitted to the control device and are
used to determine the automatic positioning or automatic course control of the
watercraft, i.e. in particular on the basis of the rudder measurement data, the adjusting
means and/or the propulsion propeller are controlied by the adjusting means and/or the
propulsion propeller. Consequently, a substantially more accurate control of the
manoeuvring system .of the watercraft can be accomplished by the systems according to

embodiments of the invention and the switching hysteresis can thus be reduced



15 hull 26. The rudder trunk 30 further has an inner hole 25 which receives the rudder stock 40. The
rudder trunk 30 is preferably inserted into a cylindrical cutout 35 in the rudder blade 50 which receives
the free end 30a of the rudder trunk 30. The cut-out 35 is delimited by a lateral planking 36, 37 of the
rudder blade 50. The rudder stock 40 is connected to the rudder blade 50 with its end region 40a
projecting from the rudder stock 30 and protruding into the rudder blade 50. Furthermore bearings 70,
71 are provided for mounting the stock 40 in the rditider trunk 30 or for mounting the rudder trunk 30 in

the rudder blade, 206 W?ﬁ%uég}geﬁ%vg‘c%&ﬁiﬁ% REQUARAINR e SUH2GE,Bh4DR TMAd&!Siagk 40 in an

upper region of the rudder stock 40 which is located inside the hull 26 and not yet in the rudder blade
50. The meSRArRGFHEVRE S8ty Rfo s HanbeaipRUsPth&s i st Tme Aedlbiring device
28 comprispsssicmingganeostrip sf Arotladrongfasuring device 27 is disposed on the inner casing or on
the inner side of the rudder trunk 30 in the upper region of the rudder trunk 30 and in the vicinity of the
measuring device 28. Such an arrangement of the measuring device 27, 28 has the advantage that
this is still di§FRENEFREMETHY RN 6USHE IS RSN ER LB R eRsRRYMIE I8 Sccordingly, cables
or the like can be guided in a relatively uncomplicated manner to the measuring devices. Furthermore,

the measurnGHEYIGES e 28.AIRAISRASEAIN AR AIdNS digalssl banding,of tfrugdder stock 40

or the rudder trunk 30 so that optimal measurement results_can be achlevedghere. In principle, the
measuring BRVIEESY CSRE TS B AAGERP &R the B ARG B1aLdhe B & eRUARASY e
measuring dﬁmw&? fatse, (rnmpeimia sfrtin gaﬁegeimdpf.aTl_lm mbampimidetvmﬁ&yd&twgured to
measure ordetermine dRe-IQLgHE Jn e Fuadsnistack AQWRIISEIBE RRING SIS TARYRUQ in the

rudder trunk 30 can be determined by means of the measuring device 27. The measured or
determined VARIESEErSratrling HEMBRRUNESISHY RV ¥29r55afto a processing unit (not shown
here). For this purpose, transmitting or sending means (not shown here) suitable for wireless

wansmission pbiiaslasnALe-piYidRd A el aasInGOaHER 2 or AR, ARigue o @ partal

region of a trunk 30 of a rudder stock 40 ot a rudder mounted therein. In this diagram a measuring

device 28 fSRILRMAAGHING ©BRYi58 ShireMRSHERH GRS 7H dudelaBRR a6 f85ko provided
on the surfacérgf thearnoktten stogharAndtinethm eatiarirfpteviceas argeprenided. icopatafi¢ntly, in the
embodiment ACEAERGHONHY o aliEoISHSTRINRtRAL R LFRARCINB OB e U IRiis-Bade only by a

measuring device provided on the rudder stock 40 which is normally configured either to determine the
torque or tH8hEAANFSRRSHHRE HRkESLAKY JRVIBE 587 Hryiceehiding BrsreriumifiSEMeans for
transmittingittateaty elyp tbe gssinrgtinit (ndtcshaise herpjoFdgdrecshelysiasiizhematfditigdgram of a
dynamic pogg%mgg system 11. This system 11 comprises an arrangement 12 for determining a force
acting on a rudder. The measuring devices 27, 28 determine a bending stress or a torque on the
rudder. The measured or determined data are transmitted from the measuring devices 27, 28 to a
processing lorati2&feuteid ensluteted oftiso systenshin f(mbes heaesunee)eOretiseptradgis dh fthierdetermined
values for ti“sec%%ﬂ?ﬂ!ﬂ@d%eéétém&@%J&@H%ﬁ”b?oi%[&@&?%é{%r%&?%%%W%%{!an%%go and/or a

resistance force 21 of the rudder 10 and transmits the values for_this force to a control device 13 of the
dynamic po¥iRBHRYdosem e watsiRERId" PR YsHIRLE By il DEeda P alsahiBI BEE ARine the
torque or thibd@ridinghstitesisthepprevisias stepadarthe thasiwmtfrthatmEattradoralubs. chbheatontrol
device 13 thepiieceiesigirlars Ak RaTY QR IR fFeRAREan3 eRNRMH eLas AfRBw segeiyer to

determine watercraft position data 14 and data from a wind measuring device 15 relating to the wind

strength in TREEAVIPoNEoF AL AL Bl afheORBRENS, IFAREr ANEARUiY BERALELR, ' for
determiningCwvatescraftypdsitibis dathatimdye, Goremiztited to tine codde] dedsadBdntrdat@riithe basis of
the values QrRarRARSIRIS KRARSAUIEG R SRntRl devith ddhiBRp %Q%ﬁ%@ cplelates on the
basis of algorithms stored or predefined in the control device 13, which rudder angles or which
propulsion force is optimal to achieve or maintain the desired positions which are also stored in the
control device 13. In this calculation step, the lift force 20 and/or the resistance force 21 are also taken
into account according to the invention. Based on the determined



17 rudder angles or the determined power level, the control device 13 controls an adjusting device 16
for adjusting the rudder angle and/or a watercraft propulsion unit 17 for increasing or reducing the
thrust of the watercraft. The previously described process is repeated continuously during operation of
the watercraft in order to ensure that the watercraft remains continuously at the desired position.
Figure 4 shows a schematic diagram of an autopilot system 11a. This diagram or the autopilot system
11a substantially corresponds to the dynamic positfpning system 11 shown in Fig. 3. Unlike the
dynamic positioni ral.devj he.autopilot s 11a only.controls the
aélljusting m§§ﬁ§ %}gt %&é@ﬁ%ﬁﬁ%ﬁﬁ%mﬂa@@@i‘ﬁﬁ :f]%)r{n a{n\%;%egrhpars'o%é ﬁ%??’l & r'iallltmrhgfa;]éfdﬁion, no wind
measuring Betied Bl tFEnaeert eeRl $ipdbrea R phra R EsadnREls B erisalyordriase ffle for course
control durirgsisavebdbitesvaiercmftr IGREFBENGR liESEi2ARURERY of the rudder. In this

respect, with the additional provision of the watercraft propulsion measurement data it is

possible to obtain extensive.information about the manoeuvring system of the watercraft.
in particular, on the basis of these data the controi device can determine or calculate the
net manoeuvring force and use this for the process of controlling the manoeuvring
- system. The relationship between these individual forces is iliustrated by the diagram in
Fig. 6. This diagram is based on the diagram in Fig. 5 wherein the thrust 23 acting
against the resistance 21 is additionally indicated as a vector arrow. The net
manoeuvring force 24 can be determined from the net thrust 23b (= thrust - resistance)
and the buoyancy 20. The relationship shown in Fig. 5 is particularly relevant in dynamic
positioning systems since these are frequently configured both for controliing the rudder

and also the propulsion unit.



11Dynamic positioning system lla Autopilot system 12Arrangement 13Control device 14Means for
determining watercraft position data 15Wind measuring device 16Rudder adjusting device

13
The watercraft measurement data in this case are measurement data relating to other
physical quantities acting on the watercraft, for example, wind strength, swell, etc.
Expediently the individual process steps are continuously repeated during the trip of the
watercraft. Consequently, the force acting on the rudder is determined continuously and
in a repetiive manner, which leads to high-quality results in relation to an optimal
positioning or course alignment of the watercraft. in particular, the method can be carried
out with a dynamic paositioning or autopilot system described previously according to

embodiments of the invention.

In a preferred embodiment of the method according to embodiments of the invention, the
propuision force of the watercraft, in particular the thrust can further be determined. in_
this connection it is then expedient to determine both the lift force and the resistance
force and determine a watercraft manoceuvring force or a net manoeuvring force of the
watercraft on the basis of the aforesaid three forces, wherein the controlling in step ¢.) is
carried out on the basis of the watercraft manoeuvring force. By this means, the
switching synthesis can be further reduced.

The data processing unit can in particular be a computer and it can pertain to a dynamic
positioning or autopilot system so that the measuring device of the rudder can be
coupled to such a system. The values of the physical quantity can either be measured
directly or they can be determined on the basis of the measured data by means of the
measuring device or optionally a further processing or data processing unit. With such a

rudder, additional information about the rudder forces or the rudder



17Watercraft propulsion unit 18Watercraft longitudinal direction 20Lift force 21Resistance force
22Resultant force 23Thrust 23b Net thrust

14
action can be ftransmitted to the aforesaid systems so that the control of the
manoeuvring system of the watercraft can take place more accurately and the switching

synthesis can be reduced.

Embodiments of the invention also provide computer program product, comprising a
computer-readable storage medium or such a computer-readable storage madium itself,
wherein a program is stored on the storage medium, which, after being loaded into the
memory of the computer, enables a computer to carry out one of the previously
described methods, possibly in cooperation with an arrangement, a dynamic positioning
system or an autopilot system as described.

The invention is explained in detail hereinafter with reference to various exemplary

embodiments shown in the drawings. In the figures, schematically:

Fig. 1 shows a partially cutaway side view of a rudder with measuring devices
for determining a forque and a bending stress,
Fig. 2 shows a secticnal view of a partial region of a rudder frunk and a rudder

stock of a rudder with measuring devices for torque and bending stress,

Fig. 3 shows a schematic view of a dynamic positioning system,
Fig. 4 shows a schematic view of an autopilot system,
Fig. 5 shows a force vector diagram to illustrate the relationship between

buoyancy and resistance and
Fig. 6 shows the force vector diagram from Fig. 5 with thrust and net
manoeuvring force additionally indicated.

Figure 1 shows a side view of a rudder 10 comprising a rudder trunk 30, a rudder stock
40 and a rudder blade 50 with articulated fin 51. The trunk 30, the stock 40 and some
partial regions of the rudder blade 50 are shown in a sectional view. In its upper region

the rudder frunk 30 is firmly connected to the



24Net manoeuvring force 25Inner hole 26Hull 27Measuring device/trunk 28Measuring device/stock
29Processing unit 30Rudder trunk

15

hull 26. The rudder trunk 30 further has an inner hole 25 which receives the
rudder stock 40. The rudder trunk 30 is preferably inserted into a cylindrical cut-
out 35 in the rudder blade 50 which receives the free end 30a of the rudder
trunk 30. The cut-out 35 is delimited by a lateral planking 36, 37 of the rudder
blade 50. The rudder stock 40 is connected to the rudder blade 50 with its end
region 40a projecting from the rudder stock 30 and protruding into the rudder
blade 50. Furthermore bearings 70, 71 are provided for mounting the stock 40
in the rudder trunk 30. or for mounting the rudder trunk 30 in the rudder blade
20. A measuring device 28 is provided on the surface of the rudder stock 40 in
an upper region of the rudder stock 40 which is located inside the hull 26 and
not yet in the rudder blade 50. The measuring device 28 is firmly mounted on
the surface of the stock 40. This measuring device 28 comprises strain gauge
strips. Another-measuring device 27 is disposed on the inner casing or on the
inner side of the rudder trunk 30 in the upper region of the rudder trunk 30 and
in the vicinity of the measuring device 28. Such an arrangement of the
measuring device 27, 28 has the advantage that this is still disposed inside the
hull 26 and thus is relatively readily accessible and accordingly, cables or the
like can be guided in a relatively uncomplicated manner to the measuring
devices. Furthermore, the measuring devices 27, 28 are disposed in the region
of the gréatest bending of the rudder stock 40 or the rudder trunk 30 so that
optimal measurement results can be achiaved here. In principle, the measuring
device 27 could also be arranged on the outer casing of the rudder trunk 30.
The measuring device 27 also comprises a strain gauge strip. The measuring
device 28 is configured to measure or determine the torque in the rudder stock
40 whilst the bending stress prevailing in the rudder trunk 30 can be determined
by means of the measuring device 27. The measured or determined values are
transmitted from both measuring devices 27, 28 1o a processing unit (not shown
here). For this purpose, transmitling or sending means (not shown here)
suitable for wireless transmission of the data are provided in each measuring
device 27, 28.



30a Lower rudder trunk end 35Cut-out 36Planking 37Plahking 40Rudder stock 50Rudder blade 51Fin
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Figure 2 shows a partial regionlof a trunk 30 of a rudder stock 40 of a rudder
mounted therein. In this diagram a measuring device 28 for determining the
torque and/or the bending stress of the rudder stock 40 is also provided on the
suﬁace of the rudder stock. Another measuring device is not provided.
Conseguently, in the embodiment according to Fig. 2, the determination of the
forces acting on the rudder is made only by a measuring device provided on the
rudder stock 40 which is normally configured either to determine the torgue or
the bending stress. The measuring device 28 also has sending or transmitting

means for transmitting data to a processing unit (not shown here).

Figure 3 shows a schematic diagram of a dynamic positioning system 11. This
system 11 comprises an arrangement 12 for determining a force acting on a
rudder. The measuring devices 27, 28 determine a bending stress or a torque
on the rudder. The measured or determined data are transmitted from the
measuring devices 27, 28 to a processing unit 29 which is located on board a
ship (not shown here). On the basis of the determined values for the bending
stress and the torque, the processing unit 28 caiculates a lift force 20 and/or a
resistance force 21 of the rudder 10 and transmits the values for this force to a
control device 13 of the dynamic positioning system 11. In principle, the
processing unit 29 can also initially determine the torque or the bending siress
in a previous step on the basis of the measured values. The control device 13
then receives watercraff position data from a means configured as a GPS
receiver to determine watercraft position data 14 and data from a wind
measuring device 15 relating to the wind strength in the environs of the
watercraft. Optionally, further measuring devices or means for determining
watercraft position data can be connected to the control device 13 here. On the
basis of the values or parameters transmitied 1o the control device 13, the
control device 13 caiculates on the basis of algorithms stored or predefined in
the control device 13, which rudder angles or which propulsion force is optimal
to achieve or maintain the desired positions which are also stored in the control
device 13. In this caiculation step, the lift force 20 and/or the resistance force 21

are also taken into account according to the invention. Based on the determined
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rudder angles or the determined power level, the control device 13 controls an
adjusting device 18 for adjusting the rudder angie and/or a watercraft propulsion
unit 17 for increasing or reducing the thrust of the watercraft. The previously
described process is repeated continuousiy during operation of the watercraft in

order to ensure that the watercraft remains continuousiy at the desired position.

Figure 4 shows a schematic diagram of an autopilot sysiem 11a. This diagram
or the autopiiot system 11a substantially corresponds to the dynamic positioning
system 11 shown in Fig. 3. Unilkke the dynamic positioning sysiem 11, the
control device 13 of the autopilot system 11a only controls the adjusting means
16 for adjusting the rudder angle and not a water propulsion unit. in addition, no
wind measuring device or the like is provided since such parameters only play a

subordinaie role for course contro! during travel of the watercraft.



CLAIMS 1. An arrangement for determining forces, namely a lift force and a resistance force, acting on
a rudder, in particular spade rudders, for watercraft, in particular ships, comprising a processing unit,
at least one measuring device for determining values of a physical quantity of a rudder, namely a
bending stress-and/or a torque, and means for transmitting the determined values of the physical
guantity to the processing unit, wherein the proce@sing unit is configured to determine the forces acting
on the rudder on the basis of the determined values of the physical quantity and wherein the at least
one measmwgld%ﬁosed directly on the rudder. 2. The arrangement according to claim 1,
wherein the at least one measuring device is configured to determine the bending stress acting on a
rudder trunk and/or a rudder stock of a rudder and/or wherein the at least one measuring device is
configuredm) detBHARR the torque acting on a rudder stock of a rudder. 3. The arrangement according
to claim 2,¢wherqj3},;{% ligRENePsrng device is disposed on the rudder trunk, in particular on
the inner casing of the rudder trunk, and/or on the rudder stock, in particular on the outer casing of the
rudder stock?4. M%Fﬁh@@'ﬁ%ﬁt according to claim 3, wherein the at least one measuring device is
disposed inzan uppesgstiganef the rudder trunk and/or the rudder stock, preferably in the upper half,

articularly preferably in the upper third. 21
P %f? Cor%t/rol devicg P

14 Means for determining watercraft position data
15 Wind measuring device
16 Rudder adjusting device
17 Watercraft propulsion unit
18 Watercrait longitudinal direction
20 Lift force
21 Resistance force
22 Resultant force
23 Thrust
23b  Net thrust
24 Net manoeuvring force
25 Inner hole
26 Hull
27 Measuring device/trunk
28 Measuring device/stock
29 Processing unit
30 Rudder trunk

30a  Lower rudder trunk end

35 Cut-out
36 Planking
37 Planking

40 Rudder siock
50 Rudder blade
51 Fin

70 Bearing



5. The arrangement according to claim 3 or 4, wherein two measuring devices are provided on the
rudder trunk and/or on the rudder stock, wherein the measuring devices are arranged offset with
respect to one another by 80 to 100, in particular substantially by 90, in relation to the circumference of
the rudder trunk or the rudder stock. 6. The arrangement according to any one of the preceding claims,
wherein the at least one measuring device comprises a strain gauge strip, optical measuring means,
and/or means for measuring vibration frequencies. 7. A method for determining forces acting on a
rudder, in%%\rticu%ﬁaiigﬁade rudder, for watercraft, in particular ships, wherein a value of a physical
quantity ofjg rudgesmamefiyyw torque and/or a bending stress, is determined by means of at least one
measuring device, wherein the at least one determined value is transmitted to a processing unit, and
wherein fétces a%t BhaAE'Fudder, namely a lift force and a resistance force, are determined by
means of the processing unit on the basis of the determined at least one value, wherein the
measurement is carried out by means of the at least one measuring device disposed on the rudder,
preferably on the rudder trunk and/or on the rudder stock of the rudder. 8. The method according to
claim 7, wherein two measuring devices are provided on the rudder trunk and/or on the rudder stock,
and wherein the lift force of the rudder is determined on the basis of the measured values of the one
measuring device and the resistance force of the rudder is determined on the basis of the measured
values of the other measuring device. 22 9. A dynamic positioning system for the automatic
positioning of a watercraft, in particular a ship, comprising a rudder, in particular a spade rudder, an
adjusting means, in particular a steering engine, for adjusting the rudder, a propulsion unit, in particular
a propulsion propeller, a control device for controlling the adjusting means and/or the propulsion unit,
means for determining watercraft position data which are configured to transmit the watercraft position
data to the control device, and at least one measuring device to determine measurement data of
physical quantities acting on the watercraft, wherein the at least one measuring device is configured to
transmit the determined measurement data to the control device, wherein the control device is
configured for controlling the adjusting means and/or the propulsion unit on the basis of the watercraft
position data and the measurement data, wherein the at least one measuring device is disposed on
the rudder and configured to determine rudder measurement data of a physical quantity of the rudder,
wherein the control device is configured to determine forces, namely a lift force and a resistive force,
acting on a rudder on the basis of the rudder measurement data of the physical quantity of the rudder,
and wherein the control device is configured to take into account the rudder measurement data in
regard to the controlling of the adjusting means and/or the propulsion unit.



10. An autopilot system for the automatic course control of a watercraft, in particular a ship, comprising
a rudder, in particular a spade rudder, an adjusting means, in particular a steering engine, for adjusting
the rudder, a control device for controlling the adjusting means, means for determining watercraft
position data which are configured to transmit the waggrcraft position data to the control device, and at
least one measuring device to determine measurement data of physical quantities acting on the
watercraft, wherein the at least one measuring device is configured to transmit the determined
measurement data to the control device, wherein €détdhtrol device is configured for controlling the
adjusting means on the basis of the watercraft position data and the measurement data, 23 wherein

the at least one measuring device is disposed on the rudder and is configured to determine rudder
measurement.data6t RHRRSEAN R St ridiRe WREREm the®ehira dilicéasceormylired to

determine forces, nagaiyrrdifffiriee apd fgresistiveripiger astingRa @ ikiddenae t?@&lfé?ris% Gothe rudder
measurement data of the physical quantjty of the rudder, and wherein the control device Is configured
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11. The system acegsdingitizalaimcd forr Hatumaneindhaipbysical luantisy o dheitydder igddbending
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propulsion unit.
_ rudder.

2.  The arrangement according to claim 1, wherein the at least one measuring
device is configured to determine the bending stress acting on a rudder
trunk and/or a rudder stock of a rudder and/or wherein the at least one
measuring device is configured to determine the torque acting on a rudder

stock of a rudder.

3. The arrangement according to claim 2, wherein the at least one measuring
device is disposed on the rudder trunk, in particular on the inner casing of
the rudder trunk, and/or on the rudder stock, in particular on the outer

casing of the rudder stock.

4.  The arrangement according to claim 3, wherein the at least one measuring
device is disposed in an upper region of the rudder trunk and/or the
rudder stock, preferably in the upper half, particularly preferably in the
upper third.



14. A method for the dynamic positioning and/or for the automatic course control of a watercratft, in
particular a ship, comprising the following steps: 24 a.) determining a value of at least one physical
guantity, namely a torque or a bending stress, of a rudder, in particular a spade rudder, of a watercraft,
b.) determining forces acting on the rudder, namely the lift force and the resistance force, on the basis
of the determined value of the physical quantity of the rudder, c.) controlling an adjusting means for
adjusting the rudder, in particular a steering engine, and/or a propulsion unit of the watercraft on the
basis of the f&rces diepfiipegemetdp a§aningplionalBifurtheriwAtemehaftqiosiivn daes suriigr

watercraft measurg@@pbdajf FENBEANGHHS FRRRANING SIRPSAYUBICAn the rudder stock,
wherein the measuring devices are arranged offset with respect to one
another by 80° to 100° in particular substantially by 90°, in relation to the
circumference of the rudder trunk or the rudder stock.

6. The arrangement according to any one of the preceding claims, wherein
the at least one measuring device comprises a strain gauge strip, optical

measuring means, and/or means for measuring vibration frequencies.

7. A method for determining forces acting-on a rudder, in particular a spade
rudde.r, for watercraft, in particular ships, wherein a value of a physical
quantity of a rudder, namely a torque and/or a bending stress, is
determined by means of at least one measuring device, wherein the at
least one determined value is transmitted to a processing unit, and
wherein forces acting on the rudder, namely a lift force and a resistance
force, are determined by means of the processing unit on the basis of the
determined at least one value, wherein the measurement is carried out by
means of the at least one measuring device disposed on the rudder,
preferably on the rudder trunk and/or on the rudder stock of the rudder.

8. The method according to claim 7, wherein two measuring devices are
provided on the rudder trunk and/or on the rudder stock, and wherein the
lift force of the rudder is determined on the basis of the measured vaiues
of the one measuring device and the resistance force of the rudder is
determined on the basis of the measured values of the other measuring

device.



5. The method according to claim 14, wherein the propulsion force of the watercraft, in particular the
thrust, is determined, wherein the lift force and the resistance force are determined in step b.), and
wherein a watercraft manoeuvring force is determined on the basis of the aforesaid forces, wherein the
controlling in step c.) is carried out on the basis of the determined watercraft manoeuvring force. 16.
The method according to claim 7, 8, 14 or 15, wherein the forces acting on the rudder are determined
continuously during operation of the watercraft. 122A rudder, in particular a spade rudder, for
watercraft, in particular ships, comprising a rudder trunk and a rudder stock, wherein at least one

measuring device igypeavicledonotiegr sgeentrivnk i diaomatbeptsddaistaska Wiiehdsgomfigured to
determine the valus. ofia phgﬁ.ical uantitry of thgdrudder n m]elly a begdingdagﬁress inéhe rudder trunk
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force and a resistive force, on the basis of the physical quantity of the rudder. 18. The rudder
according to claifte7s ARERSIHherapier shd MmEeastitile&mtiacyrtritiet rResdingifgtdo any one of

claims 210 6. which are configured to fransmit the watercraft position data to the control device,
and at least one measuring device to determine measurement data of physical
quantities acting on the watercraft, wherein the at least one measuring device is
configured to transmit the determined measurement data to the control device,
wherein the control device is configured for controliing the adjusting means and/or
the propulsion unit on the basis of the watercraft position data and the
measurement data, wherein the at least one measuring device is disposed on the
rudder and configured to determine rudder measurement data of a physical
quantity of the rudder, wherein the control device is configured to determine forces,
namely a lift force and a resistive force, acting on a rudder on the basis of the
rudder measurement data of the physical quantity of the rudder, and wherein the
control device is configured to take into account the rudder measurement data in

regard to the controliing of the adjusting means and/or the propulsion unit.

10.  An autopilot system for the automatic course control of a watercraft, in particular a
ship, comprising a rudder, in particular a spade rudder, an adjusting means, in
particular a steering engine, for adjusting the rudder, a control device for
controlling the adjusting means, means for determining watercraft position data
which are configured to transmit the watercraft position data to the control device,
and at least one measuring device to determine measurement data of physical
quaniities acting on the watercraft, wherein the at least one measuring device is
configured fo transmit the determined measurement data to the control device,
wherein the control device is configured for controlling the adjusting means on the

basis of the watercraft position data and the measurement data,



19. A computer program product, comprising a computer-readable storage medium on which a
program is stored, which, after being loaded into the memory of a computer, enables the computer to
carry out a method according to any one of claims 7, 8, 14, 15 or 16, possibly in cooperation with an
arrangement according to any one of claims 1 to 6 o-# system according to any one of claims 9 to 13.
20. A computer-readable storage medium on which a program is stored, which, after being loaded into
the memory of a computer, enables the computer to carry out a method according to any one of claims
7,8, 14, 15 or 16, pdusisip ihesdperationevitreasuaindritiiceris sispedietyeo dng brislef elxdnis 1 to 6 or

a system according4a ;898 L ealmSilddddder measurement data of a physical quantity
of the rudder wherein the control device is configured to determine
forces, namely a lift force and a resistive force, acting on a rudder on the
basis of the rudder measurement data of the physical quantity of the
rudder, and wherein the control device is configured to take into account
the rudder measurement data in regard to the controlling of the adjusting

means.

11. The system according to claim 9 or 10, wherein the physical quantity of the
rudder is a bending stress and/or a torque.

12. The system according to any one of claims 9 to 11, wherein the at least

one measuring device is configured according to any one of claims 3 to 7.

13. The system according to any one of claims 9 to 12, wherein a further
measuring device is provided, which is configured to determine watercraft
propulsion measurement data in relation to the propulsion force of the
watercraft, in particufar the thrust, and which is preferably provided on
the propulsion unit, in particular on the drive shaft of the propulsion
propeller, wherein the control device is configured to take into account
the watercraft propulsion measurement data in regard to the controlling
of the adjusting means and/or the propulsion unit.

14. A method for the dynamic positioning and/or for the automatic course
control of a watercraft, in particular a ship, comprising the following steps:



15.

16.

17.
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a.) determining a value of at least one physical quantity, namely a
torque or a bending stress, of a rudder, in particular a spade rudder,
of a watercraft,

b.} determining forces acting on the rudder, namely the lift force and the
resistance force, on the basis of the determined value of the physical
quantity of the rudder,

c.) controlling an adjusting means for adjusting the rudder, in particular
a steering engine, and/or a propulsion unit of the watercraft on the
basis of the forces determined in step b.) and optionally further
watercraft position data and/or watercraft measurement data, and
optionally

d.) repeating steps a.) to c.).

The method according to claim 14, wherein the propulsion force of the
watercraft, in particular the thrust, is determined, wherein the lift force
and the resistance force are determined in step b.), and wherein a
watercraft manoeuvring force is determined on the basis of the aforesaid
forces, wherein the controlling in step c.) is carried out on the basis of the

determined watercraft manoeuvring force.

The method according to claim 7, 8, 14 or 15, wherein the forces acting on
the rudder are determined continuously during operation of the

watercraft.

A rudder, in particular a spade rudder, for watercraft, in particular ships,
comprising a rudder trunk and a rudder stock, wherein at least one
measuring device is provided on the rudder trunk and/or on the rudder
stock, which is configured to determine the value of a physical quantity of
the rudder, namely a bending stress in the rudder trunk and/or in the
rudder stock and/or a torque in the rudder stock, and wherein means for
transmitting the
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determined value of the at least one measuring device to a data
processing unit are provided, wherein the data processing unit is
configured to determine forces acting on a rudder, namely a lift force and

a resistive force, on the basis of the physical quantity of the rudder.

The rudder according to claim 17, wherein the at least one measuring
device is configured according to any one of claims 2 to 6.

A computer program product, comprising a computer-readable storage
medium on which a program is stored, which, after being loaded into the
memory of a computer, enables the computer to carry out a method
according to any one of claims 7, 8, 14, 15 or 16, possibly in cooperation
with an arrangement according to any one of claims 1 to 6 or a system

according to any one of claims 9 to 13.

A computer-readable storage medium on which a program is stored,
which, after being loaded into the memory of a computer, enables the
computer to carry out a method according to any one of claims 7, 8, 14, 15
or 16, possibly in cooperation with an arrangement according to any one
of claims 1 to 6 or a system according to any one of claims 9 to 13.



