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
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uddiRfercraft. In the present context, the term "watercraft” is to be
understood as any vehicle which is intended for movement on or in the
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€ generic term automatic control systems for watercratft. In addition,
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quaritities of the watercraft or of physical quantities acting on the

watercraft. Autopilot systems can also comprise such measuring devices.

In this case, it is for example known to determine the wind strength acting

on the ship with the aid of measuring devices configured as wind sensors.

Alternatively or additionally, it is further known to determine the swell by

means of suitable wind devices. In this respect, the at least one
meaeaciirina device and the meanc for determinina watarcraft nncition data
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3 position of the watercraft. On the basis of these parameters and
information on a desired course, a processing unit of the dynamic
positioning system and/or of the autopilot system, which can be integrated
in the control device, calculates on the basis of one or more predefined
algorithms the necessary control parameters on which basis the control
device relays control signals to the manoeuvring system of the ship or the
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rudder angle of the watercraft or of the manoeuvring system can be varied
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directly so that the craft must then be steered again in the opposite
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of the propulsion propeller within relatively short time intervals. This
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Furthermore, in the case qf autopilot systems the, required propulsion
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autopflectionserns for watercraft can be subsumed under the generic term

automatic control systems for watercrait.

In addition, dynamic positioning sysiems normally further comprise at least one
measuring device for determining measurement data of physical quantities of
the watercraft or of physical quantities acting on the watercraft. Autopilot
systems can also comprise such measuring devices. In this case, it is for
example known to determine the wind strength acting on the ship with the aid of
measuring devices configured as wind sensors. 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 cerfain environmental forces which {(can} influence the



It is therefore the object of the present invention to improve autopilot
systems of watercraft and/or dynamic positioning systems in such a
manner that the switching hysteresis is reduced. This object is solved with
an arrangement for determining a force, in particular a lift force and/or
resistance force, acting on a rudder,dn particular spade rudders, for
watercraft, in particular ships, comprising a processing unit, at least one
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rudder, and means for transmitting@the determined values of the physical
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the redaiingd PREHMEN AL Hec A dntity of the rudder, i.e. the force acting
on the rudder, can be determined and relayed to a dynamic positioning
system or an autopilot system which evaluate this rudder quantity together
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(rudder) having a specific shape or position moves relative to a fluid
(water). The force exerted by the fluid 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
Airection of flow or the lonaitiidinal avie nf the watercraft In marine



6 "resistance force" of the rudder are also frequently designated by their
English terms "lift" and "drag". In particular, the magnitude of the lift force
is crucial for the rudder action. The lift force is sometimes also designated
as "lateral force" of the rudder. If the actual magnitude of the buoyancy or
the resistance of the rudder is knowryin each case, the rudder system or
the drive system of the watercraft can be controlled more accurately on
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Fig. 5, where UO designates the propeller flow of a propulsion propeller of
a watercraft (not shown here) and 10 designates a rudder located within
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watercraft longitudinal direction 18 and the direction of flow are identical.
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resistance force is depicted by the arrow 21 and runs in the watercraft
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force resulting from the two aforesaid forces is depicted by the arrow 22.
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do not act on the propulsion unit and consequently, the level of the li
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autopilot systems can accordingly manage with substantially fewer and
smaller rudder deflections with the result that the necessary propulsion
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embodiment of the invention, thLe{‘Tfhysical uantity is a bending stress
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be determined. Both the lift force and also the resistance force can readily
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be determined particularly advantageously in the case of spade rudders
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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
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bending stress actin the rydder and removes it into the watercraft .
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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
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_preferably provided on the rudder trunk and/or on’the rudder stock. _
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identifiable in a cross-sectional view. It is advantageous in this case that
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can be provided to determine a physical quantity which forms the basis for
determining respectively one of the aforesaid forces. In principle, however
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rudder trunk. In principle, the measuring device can comprise any suitable
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quantity can be determined. The object forming the basis of the invention
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value of a physical quantity of a rudder, in particular a torque and/or a
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corresponding receiver. Likewise, suitable ftransmitters 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 the
invention. in the present context, the lift force in particuiar 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 fluid or the liquid on the body is usually broken
down into fwo 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) aciing along the direction of flow or the longitudinal

axis of the watercraft. In marine engineering circles, the terms "iift force” and



one measuring device, wherein the at least one determined value is
transmitted to a processing unit, and wherein a force acting on the rudder,
in particular a lift force and/or a resistance force is determined by means
of the processing unit on the basis of the determined at least one value.
The measurement for the torque is pgeferably carried out on the rudder
trunk of the rudder and that for the bending stress is carried out on the
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method can be carried out using the previously described arrangement
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of theeHidREH 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. The object forming the basis of the invention is further
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The control device is configured for controllingthe adjusting means and/or
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measurement data of a physical quantity of the rudder.and the control
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spettiedeadhenpdenitentAdsording to 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 controlled by the adjusting means and/or the propulsion propeller.
Concediianthhy a cirithetantiallyy more acciirate control of the mannear n/rina



11 considerably. In the systems according to the invention, measurement
data exclusively relating to the rudder are therefore used for the first time
for the positioning and control of the watercraft. The physical quantity of
the rudder is preferably a bending stress and/or a torque 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

in dNSregsisianemiiginan: e hasin b taedaieningsivalurR Al ePRYS S Rling

quan[tzi% of the rudder. The force acting on the rudder is then used for
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described embodiments of the arrangement according to the invention,
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arrangement according to the invention can be part of the dynamic
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control device of the respective system. Alternatively, the prqcessigg unit

in QRTaiePBEARJDRIGIESS: RS HiRiAe iR thdigGlfatiatian 1@ 4he forces

actibeeferethemheiiment pbthessyatemstradurtban measysiRgrARMEE barticularly
advprOVidEd’ which is configured to determine watercraft propulsion

AHEROHN Aat3Sn FERRI A (SRAEIBIAAEK fsrcd ordtdtwritdhglntyRe of
cla@itigular the thrust, This is preferably provided on the drive shaft of the
propulsion propeller of the watercraft. Furthermore, the control device is
configured to take into account the watercraft propulsion measurement

In atrindiegerddeibeisantreltingeobtheadivisdnadasanaadiacdne configured
ropulsion propeller. Consequently, in this embodiment, in addition to the
to ERRN AR AR S AIKIE PR FOPEILIBH h aSl s AR HSEaStock

of ke Hs@dkin Sadioeling thednangeuvginensyséemidber stock of the rudder. A
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 ruddsr
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 torgue 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 preferabiy
in the upper third of the rudder sfock or the rudder trunk. This is particularly

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



of the watercraft or incorporated in the algorithm forming the basis of the
control. This is particularly expedient because the thrust of the watercraft
acts precisely against the resistance force of the rudder or is reduced by
the resistance force of the rudder. In this respect, with the additional
provision of the watercraft propulsiors measurement data it is possible to
obtain extensive information about the manoeuvring system of the

afohRigteratlidRParickianamiie Pask AldRfredatadifLantieldsNics 6ht of

determine or calculate the net manoeuvring force and use this for the
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is based on the diagram in Fig. 5 wherein the thrust 23 acting against the

margkstance 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

In QEdREIRrRPBIBY AnPRTIRHAMNC HBbitTSsHR sEned diratrasergiaent of in
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propulsion unit. The obg'ect forming the basis of the invention is further
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steps: a.;‘ determining a value of at least one physical quantity of a rudder,
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the lift force and/or the reséistance force on the basis of the determined
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propulsjon unit of the watercraft on the basis of the force determined in
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resistance farce of the rudder also act substantially orthogonally to one another
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 trunk.

In principle, the measuring device can comprise any suifable 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 vibrafion 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.

The object forming the basis of the invention is further solved by a method for
determining a force acting on a rudder, in particular a spade rudder, for
watercraft, in particular ships, wherein a value of a physical guantity of a rudder,

in particular a torque and/or a bending stress is determined by means of at least



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 determiped continuously and in a repetitive
manner, which leads to high-quality results in relation to an optimal

ondP ARIURIINGLHSAUES S RIIRMaRLS e watpie ‘@b rhRstichiancthe faptiadted

can be carried out with a dynamic positioning or autopilot system _
to aipEeFBERNSeIBUIRCEESTRIGASAREIAGEREM e Mddedn particular a lift
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of the watercraft, in particular the thrust can further be determined. In this

on gonrersisnat hehesexpiRehelolBRERTIRCBHIS thd RrTsREHRMETE for the

tordGeifianesdriss aasdateinine dyalasal maneang AR tBetor the
manoeuvring force of the watercraft on the basis of the aforesaid three
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be further reduced. The object forming the basis of the invention is further
desgsibed By angRIIeNt RERAIHNRIA 5w S THRRY, 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

It isrfifdlap SRR, SReAIRNERGIRdMBRRUENR AR AERVRASA GIRRIRYGRtan the

rudbiddennr pakieklan arhending:skasskindhe tHaderdrunkand/ ofimtheudder is
rudder stock and/or a torqglgI in the rudder stock. The rudder further

detepRpRSCSMBENRTRIB RINSIRITGG HEH et Hitea VAR QDB TeAsHIdAg device

anPnadneasdtiicaerseeston data RIgeessingdaidrmhir-datmpineessisig Ustt the
can in particular be a computer and it can pertain to a dynamic positioning

megs R NRiteS REIRL SR TPRASIANIMTY B8vice of the rudder can be

coupled to such a system. The values of the physical quantity can either
be measured directly or they icﬁan be determined_on the basis of th

TheneBisHeIPHRIRSY IR RSt E hdAXEARG U i BFbSRAEH %rt%‘?amic

podiiosRssiBgNEfatarpiesesaing it podinsual afuddensadditonalparticular a
information about the rudder forces or the r dder814 action can be
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parfANee Ve Ayslemdgih e eovaiaigmit gahdakeiplacanosemopunately and in
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adjgenmmRyisingamsompgier-rerdablesitiage megdisiieror sueina for determining
computer-readable storage medjum jtself, wherein a program is,stored on .
W R A AL, BeFEBnG I A TU T FERy o fete tine
meegeMputentenatiest atgripaleriaritias auttone of tie preatieushfidespibedcal
methods according to the jnvention, possibly in cooperation.with a .
QUAI SOt SHE AT Yo 18 VR EbACH 65 R R LaIranTRG SoRtRling the
adjastayingdashendientienoopoiaisiopilopeyiste nhaibeotehis toftitiee watercraft
invention, The invention is explained in, detail hereinafter with reference to
oY RS e ABr T DS R BT b o TR e m SRSl e o the
inventieméticadlyieast one measuring device is configured to determine rudder
measurement data of a physical guantity of the rudder and the controi device for
its part is configured to take into account the rudder measurement data in

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



Fig. 1shows a partially cutaway side view of a rudder with measuring
devices for determining a torque and a bending stress, Fig. 2shows a
sectional view of a partial region of a rudder trunk and a rudder stock of a
rudder with measuring devices for torque and bending stress, Fig. 3shows
a schematic view of a dynamic positioning system, Fig. 4shows a
schematic view of an autopilot system, Fig. 5shows a force vector diagram

ThelbBjest 3grihed eladionshin deean/bHayaneyfantdesisiadcemansh autopilot
system for the automatic course control of a watercraft, in particular a ship,
comprising a rudder, in particular a spade rudder, and an adjusting means, in
particular a steering engine, for adjusting the rudder, comprising 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
cantrol device and at least one measuring device to determine measurement
data of physical guantities acting on the watercraft, wherein the at least one
measuring device is configured to fransmit 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. Furthermore, according to the invention the at least one
- measuring device is configured to determine rudder measurement data of a
physical quantity of the rudder and the control device is configured to take into
account the rudder measurement data in regard to the controlliing of the

adjusting means.

In both systems means for determining watercraft position data transmit these
io 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 guantity of the rudder or values determined
or calculated on the basis of the actually measured values of the measuring
device. According to 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, t.e. in
particular on the basis of the rudder measurement data, the adjusting means
and/or the propulsion propeller are controlled by the adjusting means and/or the
propuision propeller. Consequently, a substantially more accurate control of the
manoeuvring system of the watercraft can be accomplished by the systems

according to the invention and the switching hysteresis can thus be reduced



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 50tare shown in a sectional view. In its
upper region the rudder trunk 30 is firmly connected to the 15 hull 26. The

condlgeRidink3thiiIriiardiag aviuenioke Abavhichereenivendheukddent data

stock 40. The rudder trunk 30 is preferably inserted into a cylindrical

eXCHRBIR BSSRERG riRIdBR HldadSARMiIFFalTeY TRt ietBRdValtPtéor the

noditgHRIGtaK SShifhieeuiowedsrksselimited 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

ThePToHHIRg il die/ edogbladeis0.& wibriapre bepeRamdOstfds@rand/or a

provided for mounting the stock 40 in the rudder trunk 30 or for mounting
tOrqH8: rudder trunk 30 in the rudder blade 50. 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
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the measuring device 27, 28 has the advantage that thi? is still disposed .
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syseables eitheteean be guided in a relatively uncomplicated manner to

the measuring devices. Furthermore, the measuring devices 27, 28 are

disposed in the region of the greatest bending of the rudder stock 40 or
Acdbrimglderdnentsi3Bs pibaioplimet saebsdremeaiciasetis edrtiie achigyetient
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t itted. f bath ing devi 7,28t i i t
PrOGFSREhGHL. TGP S pLTABSE A oA e 5 el M Rl R
ovenet®) sthitablefarolirdegsdraisntiesiongfdbivdataateprovidedriateath the
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In a preferred embodiment of the systems, a further measuring device is
provided, which is configured to determine watercraft propulsion measurement
data in relation o the propulsion force of the watercraft, in particular the thrust,
This is preferably provided on the drive shaft of the propuision propeller of the
watercraft. Furthermore, 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 propeller. Consequently, in this
embodiment, in addition to the rudder measurement data, the watercraft

propulsion measurement data are used in controlling the manoeuvring system



Figure 2 shows a partial region of 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 surface of the rudder stock. Another measuring
device is not provided. Consequentlyz in the embodiment according to Fig.
2, the determination of the forces acting on the rudder is made only by a

of FABARLABEARYICR RFRVARIABING YAECABRSINAD YRGS BEMHNs of the

configured either to determine the torque or the bending stress. The
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schematic diagram of a dynamic positioning .sklbsltem 11. This system 11
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the rudder. The measured or determined data are transmitted from the
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the bending stress and the torque, the processing unit 29 calculates a lift
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system 11. In principle, the processing unit 29 can also initially determine
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PareUBRhEEIRYAB tHE LYMDITARREANHE RY MRS BES SF SReEI dIBRNtlY
corfRyia@e iesstransmHiediieytieoonitel dpiicadatibereontiel«evige 13

calculates on the basis of algorithms stored or predefined in the control
device 13, which rudder angles or which propulsion force is optimal to
Thaehipne firmmipieie tbediesifedpositomshich are alsshwiared i thethod for
control device 13. In this calculatjon step, the lift force 20 ancﬂ(%[ the
the QYREHEP RSB G S (RkdRTb BBl CRUSTIR P ResRGrTar:
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repﬁate conlEinuoust during operation of the watercraft in order to ensure
thatAe WS EETSft remains continuously at the desired position. Figure 4
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systemaritity theticontrdbidevice 13 of the autopilot system 11a only controls

the adjusting means, 16 for adjusting.the rudder angle an& ot a water
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data and/or watercraft measurement data, and optionally

d.} repeating steps a.)fo ¢.).



REFERENCE LIST 10Rudder 11Dynamic positioning system 11a
Autopilot system 12Arrangement 13Control device 14Means for
determining watercraft position data 15Wind measuring device
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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 repetitive manner, which leads to high-quality
results in refation 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 to the invention.

in a preferred embodiment of the method according to the invention, the
propulsion 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 manoeuvring 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 object forming the basis of the invention is further solved by 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 frunk and/or on the rudder stock, which is configured to determine a
physical guantity of the rudder, in particuiar a bending stress in the rudder trunk
and/or in the rudder stock andf/or a torque in the rudder stock. The rudder
further comprises means for transmitting the determined values of the at least
one measuring device to a data processing unit. The data processing unit can in
particular be a compuier 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
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action can be transmitted to the aforesaid systems so that the control of the
manoceuvring system of the watercraft can take place more accurately and the

switching synthesis can be reduced.

Finally, the object forming the basis of the invention can be solved by a
computer program product, comprising a computer-readable storage medium or
such a computer-readable storage medium itseli, 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 according to the invention, possibly in cooperation with an
arrangement according to the invention, a dynamic positioning system

according fo the invention or an autopilot system according to the invention.

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 torgue and a bending stress,

Fig. 2 shows a sectional view of a partial region of a rudder trunk 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 o 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 trunk 30 is firmly connected to the
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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
50. 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 greatest bending of the rudder stock 40 or the rudder trunk 30 so that
optimal measurement results can be achieved 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 fo a processing unit {not shown
here). For this purpose, transmitting or sending means (not shown here)
suitable for wireless transmission of the data are provided in each measuring
device 27, 28.
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Figure 2 shows a partial region of a frunk 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
surface of the rudder stock. Another measuring device is not provided.
Conseguentiy, 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 torque 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 &
rudder. The measuring devices 27, 28 determine a bending stress or a torgue
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 vaiues for the bending
stress and the forque, the processing unit 29 calculates 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 stress
in a previous step on the basis of the measured values. The control device 13
then receives watercraft position data from a means configured as a GPS
receiver to determine watercraft position data 14 and data from a wind
measuring device 15 reiating 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 transmitted to the control device 13, the
control device 13 calculates on the basis of aigorithms 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 resisiance force 21

are also taken into account according to the invention. Based on the determined



71Bearing UOPropeller flow aRudder angle 20 CLAIMS An arrangement
(12) for determining a force, in particular a lift force (20) and/or resistance
force (21), acting on a rudder (10), in particular spade rudders, for
watercraft, in particular ships, comprising a processing unit (29), at least
one measuring device (27, 28) for determining values of a physical
quantity of a rudder, and means for transmitting the determined values of

rudHi BRGRELAABTIL LR BHOSEREIN GBIt (RR) WRBEP BB PHOPeSRINSIs an

“unit (29) is configured to determine the force acting on the rudder (10) on
adjyedih V&Qh@&@f@ﬁi#ﬁ@@é%é@ﬂﬂé%@ﬁ% Qéﬁtlﬂﬁ‘f?ﬁ‘éaﬁ propulsion
uni@AANGRMRIESHY WnG-de iy heharasiesseseinibal-therPhyaicalreviously

quantity is a bending stress and/or a torque. _ ,
described process is repeated continuously during operation of the watercraft in

order fo ensure that the watercraft remains continuously at the desired position.

Figure 4 shows a schematic diagram of an autopilot sysiem 11a. This diagram
or the autoptlot system 11a substantially corresponds to the dynamic positioning
system 11 shown in Fig. 3. Uniike the dynamic positioning system 11, the
contirol 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

subordinate role for course control during trave! of the watercraft.



The arrangement according to claim 2, characterised in that the at least
one measuring device (27, 28) is configured to determine the bending
stress acting on a rudder trunk (30) and/or a rudder stock (40) of a rudder
(10) and/or that the at least one measuring device (27, 28) is configured to
determine the torque acting on a rudder stock (40) of a rudder (10). The
arrangement according to claim 3, characterised in that the at least one

REMEASLNING dexiee (27; 28) is disposed on the rudder trunk (30), in

T particular on the inner casing of the rudder trunk (30), and/or on the
rudder stock (40), in particular on the outer casing of the rudder stock

10 (40)r [ hgarrangement according to claim 4, characterised in that the at
least one measuring device (27, 28) is disposed in an upper region of the

11 ruddémaimic Besitpieg S¥seidder stock (40), preferably in the upper half,

11Partiguasopefergably in the upper third. 21 The arrangement according
to claim 4 or 5, characterised in that two measuring devices (27, 28) are

12 provid@d@si@tudder trunk (30) and/or on the rudder stock (40), wherein

13 the measyrggslevices (27, 28) are arranged offset with respect to one
another by 80 to 100, in particular substantially by 90, in relation to the

14 circhigrire dee rtgiel ey aiaiR b pesitienrdatier stock (40). The

15 arrapgemeracsgingseany one of the preceding claims, characterised
in that the at least one measuring device (27, 28) comprises a strain

16 gaubedess asiuetren@a¥ising means, and/or means for measuring

17 vibrafigr frpguensiaasmeifod for determining a force acting on a rudder
(10), in particular a spade rudder, for watercraft, in particular ships,

18 wh cvaftiope Rustial ity of a rudder (10), in particular a

20 torque andlor a bending stress, is determined by means of at least one
measuring device (27, 28), wherein the at least one determined value is

T tranRRtRiaNeS BreRessing unit (29), and wherein a force acting on the

22 rudgesg(i3nirgagicular a lift force (20) and/or a resistance force (21), is
determined by means of the processing unit (29) on the basis of the

23 detdfitild at least one value, wherein the measurement is preferably

23mcarniast evigy means of the at least one measuring device (27, 28) on the

rudder trunk (30) and/or on the rudder stock (40) of the rudder (10).
4 Net manoeuvring force

25 Inner hole

26 Hull

27 Measuring device/trunk
28 Measuring device/stock
29 Processing unit

30 Rudder frunk

30a Lower rudder trunk end

35 Cut-out
36 Planking
37 Planking

40 Rudder stock
50 Rudder blade
51 Fin

70 Bearing
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The method according to claim 8, characterised in that two measuring
devices (27, 28) are provided on the rudder trunk (30) and/or on the

‘rudder stock (40), and that the lift force (20) of the rudder (10) is

determined on the basis of the measured values of the one measuring
device (27) and the resistance forcei(21) of the rudder (10) is determined
on the basis of the measured values of the other measuring device (28).
22 Jéqeér amic positioning system (11) for the automatic positioning of a
Watercraft in particular a ship, comprising a rudder (10), in particular a
spaﬁéﬁﬁﬁi@éﬁﬁ&ﬁ adjusting means (16), in particular a steering engine, for
adjﬁy@géhgﬁ@;@der (10), a propulsion unit (17), in particular a propulsion
propeller, a control device (13) for controlling the adjusting means (16)
and/or the propulsion unit (17), means (14) for determining watercraft
position data which are configured to transmit the watercraft position data
to the control device (13), 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 (13), wherein the control device
(13) is configured for controlling the adjusting means (16) and/or the
propulsion unit (17) on the basis of the watercraft position data and the
measurement data, characterised in that the at least one measuring
device (27, 28) is configured to determine rudder measurement data of a
physical quantity of the rudder (10) and that the control device (13) is
configured to take into account the rudder measurement data in regard to
the controlling of the adjusting means (16) and/or the propulsion unit (17).
An autopilot system (11a) for the automatic course control of a watercratft,
in particular a ship, comprising a rudder (10), in particular a spade rudder,
an adjusting means (16), in particular a steering engine, for adjusting the
rudder, a control device (13) for controlling the adjusting means (16),
means (14) for determining watercraft position data which are configured
to transmit the watercraft position data to the control device (13), and at
least one measuring device to determine measurement data of physical
guantities acting on the watercraft, wherein the at least one measuring
device is configured to transmit the determined measurement data to the
control device (13), wherein the control device (13) is configured for
controlling the adjusting means (16) on the basis of the watercraft position
data and the measurement data, 23



wherein the at least one measuring device (27, 28) is configured to
determine rudder measurement data of a physical quantity of the rudder
(10), and wherein the control device (13) is configured to take into account
the rudder measurement data in regard to the controlling of the adjusting
means (16). 12. The system accordimng to claim 10 or 11, characterised in
that the physical quantity of the rudder (10) is a bending stress and/or a
torque. 13. The system according:joaggpgone of claims 10 to 12,
characterised in that the control devicé (13) is configured to determine a
force acting on the rudder (10), in particular the lift force (20) and/or the

. Tesiglaneeafiemet) on e aéﬁﬁfrﬁh@rwﬂ%mﬁmw9@%@@?&@6(20)

physical quantity of the rudder (10). 14. The system according to_an@one
of cRIR{SPRSIANCehpsetelitby AFHNg Bkl ond mEnarig s spade

(27 138 ds COBHaNERE 3RO HNG dRiBML PRRIFE Claimp AR d -2l Brddsing unit
system according to any one of claims 10 to 14, characterised in that a

furthé? mebKAMPAEEEFS Wb HaY (e i CoriRgrRie i déterivatiees of a
WalB AR ATGRMHEN SP AR IHEBIC BRI RENE R APIR IR NG RHIS 9B RS Red

of the watercraft, in particular the thrust (23), and which is preferably
proYRiE& DR tHED RIP(RITEh UrLY) ih (arREarRasSINtheDiive Zhatttiraie the
proa%ﬁ@@am%p@zﬂ@r(mei@ei By abdguieentld imeorigerediadakes the

into account the watercraft propulsion measurement data in regard to the
contHSifiRg &f the ajiaen S AR (185 ardierRES oYRldESH Bhithe7phisical
A mgiBagt{or the dynamic positioning and/or for the automatic course

control of a watercraft, in particular a ship, comprising the following steps:

24

The arrangement according to claim 1, characterised in that the physical

quantity is a bending stress and/or a torque.

The arrangement according to claim 2, characterised in that the at least
one measuring device (27, 28) is configured to determine the bending
stress acting on a rudder trunk (30) and/or a rudder stock (40} of a rudder
(10) and/or that the at least one measuring device (27, 28) is configured

to determine the torque acting on a rudder stock (40} of a rudder (10).

The arrangement according to claim 3, characterised in that the at least
one measuring device (27; 28) is disposed on the rudder trunk {30), in
particutar on the inner casing of the rudder trunk (30}, andfor on the
rudder stock (40), in particular on the outer casing of the rudder stock
(40).

The arrangement according to ciaim 4, characterised in that the at least
one measuring device (27, 28) is disposed in an upper region of the
rudder trunk (30) and/or the rudder stock (40), preferably in the upper
half, particularly preferably in the upper third.



a.) determining a value of at least one physical quantity, in particular a
torque or a bending stress, of a rudder, in particular a spade rudder, of a
watercraft, b.) determining a force acting on the rudder, in particular the lift
force (20) and/or the resistance force (21), on the basis of the determined
value of the physical quantity of the zudder (10), c.) controlling an
adjusting means (16) for adjusting the rudder (10), in particular a steering

8. enging IHAGAREAR Wik &R (I ) piitheqvatercrafinadhabagisPitRe two
force determined in step b.) and optionally further watercraft position data

andRPIFHEE SR YirESs{Rneht AL AR RIN NG BLPRSIAURl S8hard/or
to Coh Yhe THRIGStRASLRCCATFINGHE BRI Brithasieyiseditsthab thers) are

propulsion force of the watercraft, in particular the thrust (2

. 3). 18 .
detéfanead tREBaiavith roPeRtSharBtnRNRIS AR Sfbrée %%I‘B particular

deteypigd:inigtan obrans thpipwateisalimannsieviro dorer @Mder trunk
determined on the basis of the aforesaid forces, wherein the controlling in

step0) R AR EeE Biotd Hakis of the determined watercraft
manoeuvring force (24). 18. The method according to claim 8, 9, 16 or 17,
characterised in that the force acting on the rudder (10) is determined

7. conliRGo P aRFMGBheraiBiiBidndlvaRrcrafie of the preceding claims,

characterised in that the at least one measuring device (27, 28)
comprises a strain gauge strip, optical measuring means, and/or means

far measuring vibration frequencies.

8. A method for determining a force acting on a rudder (10), in particular a
spade rudder, for watercraft, in particular ships, wherein a value of a
physical guantity of a rudder (10), in particutar a torque and/or a bending
stress, is determined by means of at least one measuring device (27,
28), wherein the at least one determined value is transmitied to a
processing unit (29), and wherein a force acting on the rudder (10), in
particular a lift force (20) and/or a resistance force (21), is determined by
means of the processing unit (29) on the basis of the determined at least
one value, wherein the measurement is preferably carried out by means
of the at least one measuring device (27, 28) on the rudder trunk (30}
and/or on the rudder stock {40) of the rudder {(10).

9. The method according to claim 8, characterised in that two measuring
devices (27, 28) are provided on the rudder trunk (30) and/or on the
rudder stock (40), and that the lift force (20) of the rudder (10) is
determined on the basis of the measured values of the one measuring
device {27) and the resistance force (21) of the rudder (10) is determined

on the basis of the measured values of the other measuring device (28).
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11.

19. A rudder (10), in particular a spade rudder, for watercratft, in particular
ships, comprising a rudder trunk (30) and a rudder stock (40), wherein at
least one measuring device (27, 28) is provided on the rudder trunk (30)
and/or on the rudder stock (40), which is configured to determine the
value of a physical quantity of the ruglgder (10), in particular a bending
stress in the rudder trunk (30) and/or in the rudder stock (40) and/or a

.tor%edpﬁgﬁry%;t%ﬁﬁﬁ%@m Mﬁrﬁm_rﬂ@wﬁw@@;@%}gg%@a%ﬁ a

determined value of the af least one measuring device _
promf@athﬂmzw@q@mﬁcﬁ"dp2@9%!%@@ aederdittdo tlaparioviar a
chagaciedserlde thal g iceagtABS AReaRyIRY AEMIEEIL 72 282 ing engine,
configured according to any one of claims 3'to 7. 21. A computer prggra
proé@fct?émbﬁ@iﬁb%_é it F3acaEosBleige radiurh/on Whieartcular a
prog%?u@@wsﬁ)m&h,@f%ﬁ%mw 1%50%}%8[%&19[%0@“1% adjusting
computer, enables the computer to carry out a method according to any
ondBFREME, ANdier thep1ywsiibinih cooperaRis With der determining

arrapgment: (AL ARFPHHDY IRl ane &b oiimed 19 TRy SR fddercraft

11a) according to any one of claims 10 to 15. 22. A computer-readable

stora@tiRBdAHRoIPWRR NCaFegrefYiSsstoldd, ArttiRtaleashbeng |GagReHINg
intofBe KRN eI ReMRLLRL RRRBIRS IS o5 ELQ aaérbﬁ_ﬁbéié‘s?acﬁng on

method according to any one of claims 8, 9, 16, 17 or 18, possibly in

coolhEr AR WAH al REFRITY MR cH: BBl ARG FIRRS 1R I BMEDIT RAMEINRM 1O

7 Ok, RYFIRMEL kickd A ReRPIHBSSOr8MEAN Y ALIRIMRL SRS device (13),
wherein the control device (13) is configured for controliing the adjusting
means (16) and/or the propulsion unit (17) on the basis of the watercraft
position data and the measurement data, characterised in that the at
least one measuring device (27, 28) is configured to determine rudder
measurement data of a physical quantity of the rudder (10) and that the
control device (13) is configured to take into account the rudder
measurement data in regard to the controlling of the adjusting means

(16) and/or the propulsion unit (17).

An autopilot system (11a) for the automatic course control of a
watercraft, in particular a ship, comprising a rudder (10), in particular a
spade rudder, an adjusting means (16}, in particular a steering engine,
for adjusting the rudder, a control device (13) for controlling the adjusting
means (16), means (14) for determining watercraft position data which
are configured to transmit the watercraft position data fo the control
device (13), 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 to transmit the
determined measurement data to the control device (13), wherein the
control device (13) is configured for controlling the adjusting means (16)

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



12.

13.

14.

15.

16.

23

wherein the at least one measuring device (27, 28) is configured fo
determine rudder measurement data of a physical quantity of the rudder
(10), and wherein the control device (13) is configured to take into
account the rudder measurement data in regard to the controlling of the

adjusting means (16).

The system according to claim 10 or 11, characterised in that the

physical quantity of the rudder (10) is a bending stress and/or a torgue.

The system according to any one of claims 10 to 12, characterised in that
the control device (13} is configured to determine a force acting on the
rudder (10), in particutar the lift force (20) and/or the resistance force
(21), on the basis of the rudder measurement data of the physical

guantity of the rudder (10).

The system according to any one of claims 10 to 13, characterised in that
the at least one measuring device (27, 28) is configured according to any

one of claims 3fo 7.

The system according to any one of claims 10 to 14, characterised in that
a further measuring device is provided, which is configured to determine
watercraft propulsion measurement data in relation {o the propulsion
force of the watercraft, in particular the thrust (23), and which is
preferably provided on the propulsion unit (17), in particular on the drive
shaft of the propulsion propeller, wherein the control device (13) is
configured to take into account the watercraft propulsion measurement
data in regard to the controlling of the adjusting means (16) and/or the

propulsion unit {(17).

A method for the dynamic positioning and/or for the automatic course

control of a watercraft, in particular a ship, comprising the following steps:



17.

18.

18.

24

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

b.) determining a force acting on the rudder, in particular the lift force
(20) andfor the resistance force (21), on the basis of the
determined value of the physical quantity of the rudder (10},

.} controliing an adjusting means (16) for adjusting the rudder (10),
in particular a steering engine, and/or a propulsion unit (17) of the
watercraft on the basis of the force determined in step b.) and
optionally further watercraft position data and/or watercraft
measurement data, and optionally |

d.) repeating steps a.) to ¢.).

The method according to claim 16, characterised in that the propulsion
force of the watercraft, in particular the thrust (23), is determined, that the
lift force (20) and the resistance force (21) are determined in step b.), and
that a watercraft manoeuvring force (24) is determined on the basis of
the aforesaid forces, wherein the controlling in step ¢.) is carried out on

the basis of the determined watercraft manoeuvring force (24).

The method according to claim 8, 9, 16 or 17, characterised in that the
force acting on the rudder (10) is determined continuously during

operation of the watercraft.

A rudder (10), in particular a spade rudder, for watercraft, in particular
ships, comprising a rudder trunk (30) and a rudder stock (40), wherein at
least one measuring device (27, 28) is provided on the rudder trunk (30}
and/or on the rudder stock (40), which is configured to determine the
value of a physical quantity of the rudder (10), in particular a bending
stress in the rudder trunk (30) and/or in the rudder stock (40) and/or a

torgue in the rudder stock (40), and wherein means for transmitting the



20.

21.

22.
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determined value of the at least one measuring device (27, 28) to a data

processing unit (29) are provided.

The rudder according to claim 19, characterised in that the at least one
measuring device (27, 28) is configured according to any one of claims 3
fo7.

A computer program product, comprising a computer-readable storage
medium on which a program is stored, which, after being locaded into the
memory of a computer, enables the computer o carry out a method
according to any one of claims 8, 9, 16, 17 or 18, possibly in cooperation
with an arrangement (12) according to any one of claims 1 1o 7 or &

system (11, 11a) according to any one of claims 10 to 15.

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 8, 9, 16,
17 or 18, possibly in cooperation with an arrangement (12) according to
any one of claims 1 to 7 or a system (11, 11a) according to any one of

claims 10 fo 15.



