2 1 23777 "AQparatus for setting the direction of novenent and power of a -@Z;
wat ercrdft” The invention relates to apparatus for setting the direction of
~novenent. and, t he power in this direction of 5 novenent of a W?fmﬁ’f'g'z

whi ch conprises at |east two thrust generators arranged in pair$

‘l'east.one drive unit for the thrust generators, the apparatus conprising an
i.nput device by which a turning novenent. of {the watercraft about a

vertical axis and a 10 non-turning novenent in the horizontal plane as

wel ) as the power for noverment can be set. In the context of the invention
thrust generators are to be taken to nean all drive neans which are

suitable for driving ships nechanlcally such as for exanpl e rudder

'propellers, jet. 154ﬁ§$§§% ar exa%ﬁ%fﬁgl %rogﬁl %onAQ%ar?tué néhés type

i's-al ready known e rih g G 8 Tui

control |lever which is nounted i gﬁg} tt | @i sposed crossw se and
‘rotatabl e about axes. orientated at fgfjfb%gg%gfgg%tand the slotted guides
actuate electrical transmtters for controlllng a pair of rudder

propellers. If the lever is deflected in any direction which is not in an
‘axis-of rotation of T isivedteicon redates to apparatus for setting the

direction of movement and the power in this direction of
5 movement of a watercraft which comprises at least two
thrust generators arrahged in pairs, with at least one
drive unit for the;thrust generators,'the~apparatus
_comprising an input devicé'by which a turning movement.
of the.watercraft-abbut.a vértical axis and a
10 nbn-turning.movement'in_Ehe horizontal piane as well as
 .the-power for movement can be set. In the context of.
-the-iﬁéentionvthrustcgeﬁerators-arefto be~taken to maan
ail drive means which are suitable for driving ships |
_lmechanically,.suCh'as for example rudder'propellers,'jet'-

15 drives, and cycloidal propellers.

Apparatus of thiS'type is already known, sﬁch as for
example ‘a steering device with a single control lever
which is mounted in two;slotted'guides,diSpoSed

. crosswise and rotatable.éboutiaxeé-orientated;ét-righ:
20 angles, and the slotted guides- actuate electrical

transmitters for controlling a §air of rudder

propellers. If the lever is deflected in any direction

which is not in an agxis of rotation of the slotted



iy -'des,'all the transmtters are actuated (US Patent 3 967 023).;Appqratus
"ga the "'t ype descri bed above is al so known, by which a ship may be steered

to performslewing 5 (turning) and traversing (longitudinal-or.transverse
~notion) by nmeans of a single control |ever. The control pulses are _
~transmtted fromthe |lever via pick-ups to %he thrust generators which
serve various functions. They cone into eff®ct both during traversing and
-during-10 slew ng of t ship ublished U K patent application GB 2 074
-115A)9 1f two BPi%BFe ?Eﬁc?ﬁ’%n&é%‘%‘“%ﬁﬁﬁeﬂfw%%t%a%%rg(?%a%t%taé and \J/
such a controIQEZe 9? serves several functions, it is hardly possible to
produce a 15 C ngg h the direction of travelw thout the thrust force

al so being altered. If the hel msman wi shes to performonly one single-
steering function, he nust draw on a great deal of skill and experience in

~order to be able tgogeribias GECHRAL £)Ye &?sépfbéésfa e L€ &0

~apparatus the thrust of the rudder propellers or other thrust generé%brs,
for exanple dubyngnionvarshipay®y. béSseéépd@ctot fertdintdiedifpsverse
direction with the same inclination of the lever. The reason IS that in any
direction ®f nbtenshngbtasd thavessiagghloadibaddlhel 2or tratterepsopel | ers
or the |ike are_a[mays orientated agai nst one another 'in sonme way, nanely’
at different aRgFéen) by means of a single control lever. The control
e pulses are transmitted from the lever via pick-ups to
the thrust generators which serve various functions.
They. come into effect both-duringftraversing and during
10° slewing of the ship (published U.K. patent application

GB 2 074 115A).

If two or more functions are combined with a
coordinate lever and such a control element serves
several functions, it.is-hardly possible to produce a

15 change ‘in the-directioh of travel without the: thrust
force also being altered. If the helmsman-wisées to
perform only one single .steering function, he must dfaw
on a great deal: of skill and experiencéﬂin order to be
éble to do this accurately. 1In the case of the known

20 apparatus the thrust of the rudder propellers or other
thrust generators, for example during forward travel, is
stronger than in the transverse direction with the same
inclination of the lever. The reason is that in any
direction of movement other than straight ahead the

25 rudder propellers or the like are always orientated

against one another in some way, namely at different

angles.



3 It.woul,d be:desirable to avoid these effects, i.e. an apparatus for . yﬁﬁ
driving and steeri'ng ships and the like should be provided, by neans of

which all conceiVabl e manoeuvres and novenentg may be perfornmed, such as

for 5 exanpl e travel straight ahead and astern, with any desired curves,

and ‘afso in any desi rr&d v@ﬁl%CtbieQHSSQrg%ﬁ@ diawgﬁegzﬁggreio?%%gggﬁw th

_ _ e.
superinposed sl ewi ng, even turning on the spot, S0 ma§s

possi bl e for the Jhel BpEa ff%ﬁ:e%‘i‘ivti:ﬁ%l ahapg!caherﬂngg&ﬁ;?s.lgnw EHQ%i%Eei r

chargi ng unpredi ctably when the contro ever i s nov i s al so ver

inpoertant to prewdould e iprevitdedss bhem@ankNaevahieAt hY1Ppeabeedanhbch
woul'd endanger the ship. It would al so be desirable to indicate, ina -

clearly 15 per c@ainoeuwrasd ands mblvementsenagnbehpek BpUedeVEG6h hsCFoPN a
|'ever, handwheel, etc., which direction of the watercraft and what thrust
f.orce have béen s&@amp lien triave lnwsy ra igbtmahdafioanthasternevwisal afipr
stopping the craft Qhy means of the input device would be made possible for
20 the first tinm8esdredt CEYSE. a8l aispein pAYadesinedcdinechions present
i nvention the in%ut devi.ce .conprises the followi ng elenents: (a) a first:

transmtter, e.gP°a"pBPEnFPSRE BPPIEREFASPVEEFR BRPQELRPAGEE L PWIRT .« of  t he
_'g?gjt;rning noveggeh QLIBQﬁgzgn %ﬁ&eéﬁaéftsoaQHaébltaiéegﬁﬂgyér€9§§1%{§r’
for the helmsman to foresee the propulsion forces
10 without their changing unpredictably when the control
1evér'ié moved.- It;is_also very important to prevent
steering-ﬁulses being inadvertently produced which would

endanger the ship.

It would also-be-deéifable;to indicate, in a clearly
.15 ﬁergep;ibie’and-viéib;e manner on the inputndevice, i.e.
 __on,a lever, handﬁheel.;eﬁc;, which directioﬁ of ‘the
watercraft and what-thrust“fdrce*have'béen set. In this
way a command'for thrust reversal for stopping ihe craft
by means of the input.device would be made possible for

20 the first time, or at”leagt made easier.

”ay ._ o 'In accqrdance with the present.inﬁention-the_input
| | device comprises the followiﬁg"elements: (a) a'first_.
' transmittet,:e.g.‘é'potentiomefér. exclusively for
setting the power of the non-turning movement of the
25 watercraft, and (b) a second transmit;er. e.g. a

potentiometer, exclusively for setting the direction of



%tentidneter exclu5|vely for setting the direction of 4 the
non- turning novenent of the watercraft, a separate independént control
_ el enent being provided for each,transn1tter, t he arrangenent bei ng such
that, at a predeterm ned position of the control element-for the 5 first
transmtter, the-control elenent for the second transmtter is |ocked i 2
position corresponding to forwards and backwards travel. Since the first
transmitter does not affect the power for térning, it is particularly
advant ageous for 10 the i nput device to include a third transmtter
exclusively foFhgeReRnfurhengi nevendnt aofi posewavéretet turaisepafatde

watercraft, a g £88hE OboREPS 24 £ m@&@p@é&%‘;@ ﬁ@q ovi ded for
t he said transn??%gf Z V|?tue % t%e above eégures a 'aﬁae novenent s
of the ship ar BERPERIFY EEpE?%t%Hr??%ﬁW%%% Berfetuch %#ﬁ?(Kﬁﬁrﬁﬂ desk.
Preferably, t hprédenenminedSPélsitiJ@mnoﬁeﬂ:N@ SO Of 51 f@re:iérﬁt tfyihe

eneratorsg b f t that speci a
?ransm ttef \il\h?%%se tgﬁ& ?Eg)f:m dc‘EXt %’fﬂ%‘?nh ?fs %ﬁ esrescqr@ provi ded
for each nnvenﬁﬁ§n$%h€§¢6nlsth@°h¢%rb@omrmn$%txgnlannesﬂondmne(ﬁdcwmng
functi ons: thrﬂsgwgfdgoanau5g@KWhﬂ@ye@§§¢eld|rectlon of non- turnlng

nmovenent, direction
Since the first transmitter does not affect the
power for turning, it is partlcularly advantageous for
10 the 1nput device to include a third transmitter
exc1u51ve1y for setting the direction and power of the
turning-of the watercraft, a third control separate
iﬁdependent element being provided for the said
transmitter. By virtue of the abeﬁe_featureslail the
15 movements of the ship are clearly separated from one
' another at the control desk. =

Preferably, fhe transmitters act upen servo motors
for the thrust generators by way of a microcomputer. By
virtue of the fact that a special’ transmitter. which is

- 20 not affected by the other transmitters is provided for
each movement function, the mlcrocomputer can control
the following functions: thrust of non-turning
movement, direction of non-turning movement, direction
of turning, force of turning. Furthermore, additional

25 manoeuvring aids may be incorporated., for exampie '
transverse-jet rudders. If jet drives are used. not
only their rotation but also flaps or the like may be
controlled. 1In the case of cycloidal propellers the
blades may be set. In addition, the microcomputer

25 controls the regulation of the drive motor or motors,
clutches, and where appropriate the setting of the
propeller blade pitch.



of turning, force of turning. Furthernore, additional 25 nanoeuvring aids
. may be i'ncorporated, for exanple transverse-jet rudders. If jet drives are
‘used, not only their rotation but also flaps or the like may be controll ed.

~In the case of cycloidal propellers the blades may be set. In addition, the

‘m croconputer 25 controls the regulation of the drive notor or notors.

cl utches, and where appropriate the setting ef the propeller blade pitch.
5 In accordance with the invention, at a predeterm ned position of the
control. el ement for .{he fli ra Lt rol.e 4
“sggénd transmtter I% ?8€ﬁé§sn%e ﬂgq%o§§%|6%0§%€?£ébd%%l%gpfgg?gé¥wlﬁg%

and backuards tpaalionl Bel BhS UBHeRoYCEYfi8RGCEOHSURS CRILED o T 0!

(application of "latera rust ina vertent duri ng orward travel)
can be pfeventeQraﬁhﬁleéEUrQﬁeOEoﬁthﬂ151@ﬁ@ﬂtd§oé thdpPdScad central 10
conbi nation of the control elenents to formone unit. This advantage is
enhanced by thetraawittelr dksanvckedFdh aNei fositide ebOVEspEd impero
~defective control, the features of claim7 nay be provided. In order that
the thrust Bn tHferwardsr andntackwerde drawelionlmayhbe wdy axestyrd with

-greater pomer than during traversing
dangerous steering error (application of lateral thrust

ds

‘_7- inadvertently during full forward travel) can be

prevented.

. The features of claim 5tprovide a.siﬁple and central:
10':combination-of-the'centrol elements to form one unit.
This-advantage is enhanced by the feature of claim 6. .
| For.avoiding the above—mentioned defective control, the';
features oficlaim 7 may:be.érqvided. In erder that the
thrﬁst-in_the-forward.ahd reverse'directioﬁrmay be -

15 exertedewith-greater power thantduring-traversing-
lmovement and in order that the. helmsman may be aware of
these conditlons. it is preferable that ‘the avallable
sett1ng range of the control element for the first

v | : transmltter is greater 1n the direction for forwards and

20 reverse than in all other dlrectlons.

The inﬁention'allows-the-heimsman to perform all
conceivable maneeuvres-rapidly, without having to think
of the engine speed, propeller pitch, or thrust
direction. The movements of the ship may be performed

25 with a precision which is not achieved with manual

steering even by experienced operators.



ad

'Gg?venent and in order that the hel msman may be aware of these conditions,
.is preferable that the avail able setting range of the control: el enent
for_the first transmtter is greater in the direction for forwards and 20
.reverse than in all other directions. The invention allows the helnmsman to
“performall conceivable manoeuvres rapidly, gM thout having to think of ?ﬁe
engi ne speed, propeller pitch, or thrust direction. The novenents of the

oDy, e e o e MU AYSCLN SRS T TR B

‘
perators i fve Wil l

described furt : 4 NG id B et 'dy%?% _ : anying
‘drawi ngs, in mré?{:amﬂé)lzéi,‘é‘ﬁﬁlt‘?{s a bl (;f;cke g&agf{?ﬁqﬁ t e.ﬂgg'tn:g?grlag’;%%'o none 5
enbodi nent of ag@agmat us for setting the direction of novenent and power of
.a watercraft; Fig. 2 is a vertical section through an input device for the
enbodi nent according to Fig. 1, being a section on line Il-Il in Fig. 3; 10
Fig. 3 is a plEgwvilewisnag dlwok idlagremt icdh thier @udiirtehd ayomit ofewinee; Fi g.

4 is a sectiononline IV-1Vin Hé} 2; Fig. 5 is a vertical section

t hr ough an%ﬂternativeembodiment_o - -apparatus for setting the

direction of movement and power of a watercraft;

Fig. 2 is a vertical section through an input device
for the embodiment according to Pig. 1, being-a

section on line II-II in Fig. 3;

100 Pig. 3 1is a plan view and a partial section through the

input device;
Fig. 4 is a section on line-IV-IV in Fig. 2;

Fig. 5 is a vertical section throhgh'an alternative

input device;
15 pig. 6. is a plan view of the input device according to

Fig. 5; and

Figs. 7 to 16 are diagrammatic'examples of the
movements of the watercraft and the |
corresponding state of the input deéice, hamely

20 in each case
a) the movement of the watercraft,

b) the corresponding position of the input device,



I nput device;; 15 Fig. 6 is a plan view of the input device according to é%;?
Fig. 5 “nd Rigs.” 7 to 16 are diagrammatic exanples of the novenents of -
the watercraft and the corresponding state of the input device, nanely 20

in each case a) the novenent of the watercraft, b) the corresponding

~positron of the input device, . 7 c) the cagrresponding force diagram

thrusts, in which [err] signifies port thrust, S signifies starboard

thrust, and S signifi®s ymsWdriregpohaisl, ferdeSdiagram Thous€s]l7ihs a

chrguit diagramof the mcroconputer in Figure 1. A general arrangenent of

an apparatus for drivi ngeheiredh %esﬁggiﬁiuat@DcmathrﬁStmhs%F centre of

- gravity is designated 2, is illUstrated in the formof a 8ck 10 di agram
in Fig.. 1. Two rudder prsdgditdes $F85P°ﬂﬁﬂcﬁht§§ﬁ»aapdiBRegre pi votabl e in

known manner about respective vertical pivot axes 6. 7, and are driven by

'servo motors 8, 9 for tHiSNIELSSsEesHELPEFRAREoN3BBt h si des of the

t ongi tudi nal nedian plane 3 of the 15 watercraft. One or two notors 10. 11

-are. provi ded for :

5 Figure 17 is a circuit diagram of the

C e

microcomputer in Figure 1.

A general arrangement of an abparatus for driving
and steeting a watercraft ;,'whoselcentre of gravity is-
designated 2, is illustrated in the form of a block

10 diagram in éig..l,_.Twofrudder_propellers 4, 5, which
form. a pair, ake pivotable in known manner about
respective vertical pivot axes 6, 7, and are-driven by

- servo motors 8, 9 for this purpose, are provided;on<both'
sides of the longitudihél,median plane 3 of the
15.wa;ercraft. .One or two motors 10, 11 are'provided'for
driving the-prope11erS. Clutches 25a and 2Sb are |

interposed between the motors and the propellers.

‘Three groups of input elements are provided for

controlling this drive unit, namely

20 a first potentiométer 12 which is actuated-b& a lever
(first control element) 15 and which changes the thrust:
force (by way of a microcomputer) by adjusting the pivot

angle of the-propelleré. by changing the speed of the



vi ng the propellers. Cutches 25a and 25b are interposed between the
I
ptors. and the propellers. Three groups of input elements are phOV|ded for
controlling this drive unit, namely 20 a first potentiometer 12 which is
actuated by a | ever (first control el ement) 15 and which changes the thr-ust
force (by way of a mcroconputer) by adjustgng the pivot angle of the ol
propellers, by changing the speed of the 8 notor or notors, or by

O 1St o PREBE br ! BEBERRLE Sy DLALRT1 A B ditdnde gnéecond

pot enti onet er 'S actuated (seco con el enent) 16 \/
and whi ch detepabpeilgbebiadegomggggn|ﬂgtanygnent (thrust, traversing) of
the watercraft by pivoting the propellers or alterlng the speed or pitch of
the propeller blades (Figs. 12, 13); a third potentioneter 14 which is
actuated by a haadeomﬂepbtenhhodetent1alwaienehs)adiuaaddmbych neadr m nes
10 the slewing of the water craft in accordance with the direction of
~turning and thdseepad ePnturhi sgemens) éﬁeehﬂyWhgvbhéetadmmsesftheurV|ng
and, where_appropriate, turning on the spot (Figs. 10, 14, 16). The three

- potentiome ersnﬁﬂ‘FHrE&nﬁcP°HSGﬁn5 ftRFYStes réBﬁﬁﬁFéﬁ’le thfie outputs of

the m cr ocompul gt .36t 9808, 9, 50h2SRIhadgRERdeRL LoTD! §162PLLS! cfigVi oS 19

speed'ortpitcn of the propeller blades (Figs. 12, 13); «

.

a third potentiometer 14 -which is actuated by a hand-
wheel (third control element) 17 and which determines

10 the slewing_of-the.wafer'craft in'a¢cordanc€ with the
direction of turning and the force of turning, i.e.
specifying the radius of curving-and,-where:appropriate,

turning on the spot'(Eigs. 10, 14, 16).

The: three pbtenﬁiometers!lz to 14'act.upon_a micro-
15 computer 18}' The outputs of the microcdmputef act'upon
displaCement-dependént-remdte-control_devices 19 to 24.
Such remote-control devices arefkﬁOWn;' In principle

they are amplifiers with an electronic compensating

&

- circuit, which adapt the output signals of the microcom-

20 puter to the devices'td be controlled, e.g. servo o *
motors, throttle flaps, clutches, and so forth. The
microcomputéf lB.is programmed in such a way that it
coﬁverts the.command:from the transmitters
(potentiometers) into the desired direction of movement

25 (positions of the rudder propellers) and force of



Such renpte-gontrol devices are known. - In principle they are anplifiers
wi th an ‘el ectsronit conpensating circuit, which adapt the output signals of
the m.crocom 20 puter 'to the devices to be controlled, e.g. servo notors,
throttle flaps, clutches, and so forth. The m croconputer 18 is progranmed
in skech a way that it converts.the command frSomthe transmitters
(potentioneters) into the desired direction of novenent 25 (positions of

t he rudder propeaidveman anchatarc e egfulat i® o peopeil Lerpbdrdee giltahi)an, It
pkopel l er blade pitch). It calculates the necessary rotational speeds and
rudder positionsalqulafieg dihe tecasgarss moda@ tienadd spsiedse@ndt h’eldﬂle@gr am
and tne operating sequence by means of test 5 cal cul ations.

arranged in eacfPQﬁa?§e1qq§ addomesidens thhe e lespdeik s agL Fﬂ‘étﬁleépel lers
in the watercraft e. whether, forward or stern drive is provided

both. If jet drit& pacr%grpﬁ“bmad?d qrﬁ?st%ad’fl%d’(?&ue&c@pém é‘leéns f’fhéﬁc’fl
th th | t )
of oyol of dal® pr AT At PR Yn, arepeE 35 ac d5s 30 s a8°°%§aﬂ%ecase

program In addifig),edd mﬁdsaecﬂ&; deid gu%éltﬂy%rs e Qe r i ng ai ds may
- al so be taken into consideration. steering the ship the .

movenent of the watercratt, i.e. whether forward or stern -drive is

e | provided, or both., If jet drives are provided instead

| of rudder propellers, it handles either the angular

10 positions or — if presentw——-the flaps. In the
case of cycloidal propellers the blade: posltlons may be
incorporated in the program.  In addltlon,
transverse-;et rudders or other. manoeuvrlng alds may

also be taken into- cons1derat10n.'

15 = . For steering the:ship'the movementeof'tne
watercraft is-basidally.éeparated?info twe components,
namely into traversing (non-turning movement in'any
direction) end-slewing-(turning). Both components- may

be set separately with the input device according to

20 direction and force and:.are then superimposed.

LR

A setting device 50, in which the transmitters 12,
lB,fand 14 and the control elementS'lS, 16, and 17 are
combined is shown diagremmaﬁicalLy in Pigs. 2 to 4. 1In
a frame 26, the head 16 is moented S0 as to ee rotatable

25 about a first axis 28 in a bearing 27 rigidly joined to.



‘(éggercraft-is basically separated into two conponents, nanely iAto

vefsing (non-turning novenent in any direction) and slew.ng fturning).
Bot h conponents may be set separately with the input’ device dccording to 20
direction and force and are then superinposed. A setting device 50, in."
which the transmtters 12, 13, and 14 and tlte control elenents 15, 16, %ﬁd

~ 17 are :conbined is shown diagrannatically in Figs. 2to 4. In a franme 26,
"the head 16 i sta@uftfme SO Tise teder rk8 Atwthich X ddxuribed iibigradter28 in a
bearing 27 rigidly joined to 10 the frame. The lever 15, which is s

‘described in gletakl belew! belpmwmvidedrigviamied tombnigwlatnithd ate the
head nember 16. A gearwheel 29, which meshes with a mating gear 30 secured
to the drive stedd mpmier Lecordl Fargmehtdbnethich Reshesedited® to the
'l ower end of the head 16. The head 16 is slotted. In the slot a gearwheel
31 i s nount ed PRFLIRBIIRI DB ALREUEL kAN WIS SHAEH 9% B RRRAME to

310 The gbar WPRETRSIOREERECLH (16 3P AR ki e LT S1Y 16 THR Cor 1o
securely connegé%g ip.a coaxial intermediate gear 34, -which nmeshes with a
toot hed rack 3 I splaceabl e along the first axis 28. The toothed rack
meshes with a _ '

The head 16 is slotted. In the slot a gearwheel 31
is mounted for Eotation-about a second axis 32 which is
orthogonal to the first axis and intersects. . rhe lever

10 15 is_secured-touthe.gearwhéel 31. The gearWheél 31
meshes with an intermediate gear 33. The latter is
securely connected to a coaxial intermediate gear 34,
which meshes with a toothed rack 35 displaceable alohg
the first axis 28. The toothed rack meshes with a

15 pinion 36 mouﬁﬁed_on the drive-shaft of the first

. potentiometer 12.

The handwheel 17 is mounted coaxially with the
first axis 28 in the frame, and is rigid with a
gearwheel 37 which meshes with a mating gear 38 secured

20 to the drive shaft of the third potentiometer 14.

The bearing 27 is Qrovided-with two opposed sloté
39, 40 which are parallel to the median plane of the
watercraft.  The lever 15 fits into these slots in its

two outermost positions. Important positions of the



15. pinion 36 mounted on the drive shaft of the first potentioneter 12. Th"
handwheél 17.is mounted coaxially with the first axis 28 in the frame, and ~
is-rigid with a gearwheel 37 which neshes with a mati ng gear 38 secured 20

to the drive shaft of the third potentionmeter 14. The bearing 27 is

prowded with two opposed slots 39, 40 whichlare parallel to the nedian

“plane of the watercraft. The lever 15 fits into these slots in its two

out er nost posi t iceRErollmeQemantspesi,t 16)S 10f mhkebe ma&pREAOki€heD®BkEnd5, 16,
I/ _may be marked with | ocking spheres 41, 42. The end of the bearing 27 is
formed as a sli ciphgresr #dce 429 f @het lkpdl efetthéSbeaFling R3 iat Eormpdedsby
‘tne slots 39, 40. In this way the 5 setting angle available for the | ever
15 in the directd 63iddngasdriacer 4 ﬁgrgﬂéétgﬁvﬁhahSLn Rhisotkaer
~di.rections. Consequently in forward travel and reverse a greater thrust

force i.s exerted™4®Z% YPFed PYoitREr SdPt&cPondOandIRht81B8sWa¥r EBRved by t he
“hel an. A:10 l.e 43 i th ' 2710 L d to indicat
the pooi 11 of of SBEEREAAnELe" 2XAIIETLE SPFoRRRALESF ol RetRoRAEhe frame in

order to indicatg hg i} r%%@%a??gkév%Egé-E%rékﬁfgkggtnaﬁfgﬂ ?é?Q?ﬁ%gfo t he

variation of the 1 nput device according t
slots for directions. Consequently in forward travel and reverse
E .a greater thrust force is exerted than in all other
directions and this is perceived by the helmsman. A
10 scale 43_is arranged on the bearing 27 in order td
indicate the position of the head:lS;_ A double arrow 44
~is formed on the frame in order'to indicate the turning

angle of * %0°,

Eigs._s and § show_a=variation of the ‘input device
' 15_ éccording to fig, 2, whicﬁ_relatesuto the slots for =
| éeceiving the-leve;'15.  The two_input.deviées-are
otherwise identical..'Whereas-in-the first embodiment .
the lever 15 engages iﬁ the slots 39,46 (L.e. the head

lé is not rotatable) only in its outermost position, in

| .

20 the case of the embodiment according to Figs. 5 and 6
R i - slots_45,46'are.extended_QiEh_#hdulderS-474'48- 

- | | overlapping the head towards ﬁne.axis 23. In this way
- the fixing of the head already begins at an angle 8 of

the lever 15.

25 Pigs. 7 to 16 show the cooperation of tae input

device with the thrust generators, in these examples



ei Vi rig the | ever 15. The two input devices are ot herwi se I dentical .
Mereas in the first enbodi nent the |lever 15 engages in the’slots 39, 40

(i.e. the head 16 is not rotatable) only in its outernost positien, in 20
t he case of the enbodi nent according to Figs. 5 and 6 slots 45,46 are
extended with shoul ders 47, 48 overl appi ng gge head towards the axis 28"
In this way the fixing of the head al r eady gins at an angle B of the

"l ever 15. 25 th t - i t d
Wih the t hrusEheERErTEo el FUBRBE. BERBRILELS. 471521 haRetBPe TARBRaPSddor
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I nes the water whi oW ng away, and

the |ength of %R%y%%;ﬁ EP@??&E%gl%ﬁpﬁﬁh%%thi waEQQC%hlxﬂe1@e¥iﬁﬁﬁn905't'On

is shown in Fig I's on the axis 28, and the head 16 and the

handwheel 17 argR0SidH0na’ NUndedl WaF & HEDWRTANT i nE2e thil Wrbpdileash ons of
~the propellers areé ‘ori ent at ed agail nst one 10 another transversely to the

medi an pl ame o&dﬂaékuercraft and the ship does not travel. If the |ever
15 is swung forward (Fig. 8) in the direction of the angle [err] (Fig. 2)
in the basic position of the control
The neutral position is shown in Fig. 7. The lever
15 is on the axis 28, and the head 15 and the handwheel
17 are positioned for forward movement. The thrust
directions of the propellers are orientated against one
10 another transvaréely to the médién plahe of the
watercraft, and'the.ship.doés.not travel. If the lever:
15 is swung forward (Fig. 8) in the direction of the
angle o (Fig. 2) in the basic position of the control
elément§ 16 and 17 described, ﬁhe propellers are swung
15 in opposite directions-in such a way that'a ;eSulting
thrust forward is prdduéede The ship gets under way.
If the lever 15 has covered the entire angle & , the
propellers will be.parallel'td the median plane (Fig.
9).-'Tne ship moves full speed ahead. 1In this.position
20 the lever lS'is'in'the élot 40, and'theuhead 16 is
fixed. It is impossible for the ship to be set in a
traversing mévement,'wnich #ould'be very dangerous in

this mode of travel.

If the ship is to be stopped, the lever 15 is swung

25 back. In this connexion it is possible to.swing the



el enents 16 and 17 described, the propellers are swng 15 in opposite !ﬁ%
directicohs in.such a way that a resulting thrust forward is produced. The
.ship gets under ~way. If the Iever 15 has covered the entire angle [err],

-the propellers will be parallel to the nedian plane (Fig. 9). Tne ship
~noves~full speed ahead. In this position 20 1ishe lever 15 is in the slot

40, and the head 16 is fixed. It is inpossible for the ship to be set in a

~traversi ng novengnt i ch woul d be ver, r.Qus J.n thi.s._hode of  travel
lf_the ship is {Egevbéer ghorpopueg\é\?l%er{eo Ilenvgtrnyelg’ael%%%sl\%nljéng lrzl§ %e{%k S ﬁ:lhé's

~connexion it is‘nﬂg | Wi ; dLNM r rQpuli t:he
opposi te direction. Sﬂ ?ﬁél%a\?lvayag ttrﬂe}\?"esrtsa oéf ﬁral?tsep '(t&a es&%I %élé-? g%d t he

ship i s i medi at sljedy ety A 4 TIRNAT ety @1:ebeibhvele This

_applies to any non-turning.novenment of the 5 shi p. everse travel is
control led with gfey&pposty s ngh NidatdiORmy Idod- iy mbiydafe ndefdeahed
(but not the head 16 turned) and the handwheel 17 actuated, turning is
superinposed upshige vewsmsaftraiel nig faomteral ledd wilh reneeopposideel , t he
m croconput er deci di ng whet her the superinposition should occur by a change
ign the thrust forarigilagienshange in the pivot angles of the thrust

! 'If the lever 15 is deflected (but not the head 16
turned) and the-bandwheel.l7 actuated, turning is
superimposed'upon'ﬁhg watercraft ddring.fbrward.ﬁnd

10 reverse travel, the microcompqter deciding whether the
superimposition should'occurfby a change in the.tnrust
force.ér'by’a change in the pivot anglés of the thrust
generators. Where thrusts are oriéntated predominantly.
6ppdsite~one ahother7(Fig. 8), a'change in thfust-force

15 'is_superimposéd;_and'whére thrustsuare orientated -
pa:allel_(Eig..9) a change in the angles of the thrust.

generators is superimposed.

1f tﬂe'handwheei 17 is in its neutral position buf-
the head 16 together with the lever 15 is turned about
 §.;' ' 20 the axis 28;'the*thrust;generétots’willlbe'steered in
éuch'a way wiﬁn-respect'to their angle.and/cr thrust
force that a lateral tnfust will be produced, namely in
the direetidn in which the lever 15 is pointihg or which
may be read off on the scale 43, and with a thrust force
25 which depends upon the inclination of the laver 15
(Figs. 12, 13). The thrust angles and thrust Eorces

required in such movements depend upon the arrangement



(@@yer ators.

Where thrusts are orientated predom nantly opposite; one

arfother (Fig. 8), a change in thrust force 15 is superjnposed, «and wher e

thrusts are orientated parallel (Fig. 9) a change inthe angles of the
thrust generators is superinposed. If the handwheel 17 is in its neutral.
position but the head 16 together with the Lgver 15 is turned about 20 w#he
raxis 28, the thrust generators wll be steered in such a way witn respect
to their angl eofingiherthhtisist géREELLS PRt wiLh af €5Fdc € hEdISEnhal ¢dnides Ry pduced, .
nanely in the direction in which the lever 15 is pointing or which may be\J
read off on thgracvate 48¢ apdnwehé dyndmistbéipaeboRd abi e depERdsangpon the
i nclination of the lever 15 (Figs. 12, 13). The thrust angles and thrust
forces requirethis shenldoventaken dbpencaepoun t hin athanyergn of Ithef the
~thrust generators with respect to the centre of gravity and upon the
- dynani ¢ behaviB4FLf3FOPRRERA p, and this shoul d be taken into account in the
program of the m croconputer. 5 In order that the resulting thrust
shoul d al ways correspond to t-he position of the head 16, the correspondi ng

the TengtR of Che | Thedt $hG EET: nER PEEOKI ELI Bhnidy RflFREAR ST o7,

10

15

20

correspond to the position of the head 16, the

»

corresponding thrust angles and thrust forces are
predetermined in the microcomputer (see the length of
the lines indicating the tnrusts behind the propellers

in Fig. 13a).

If the handwheel 17 is also actuated in addition to
the control elements 15 and 16, turning of the ship is
superimposed upon the traversing movement, Figs. 14 to

lé6.

If the lever 15 is at zero and if the handwheel 17

is rotated, then the ship will turn on the spot.

| rThe entire arrangement for steering a ship may als§
be such that a control device — a steeriﬁg-Wheel, - - a
throttle lever — which operates not by way of the
microcompqter but in the usual manner, i$ associated
with each thrust generator, e.g. rudder propeller, as
well as the above-described apparatus. Alternatively,
iﬁ may be cqnnected to the above—described.apparatus if

that is desired for any reason.



10 “in Fig. 13a). If the handwheel 17 is also actuated in addition to the -zgg
control “el enents 15 and 16, turning of the ship is superinposed upon the
traversi ng npvement, Figs. 14 to 16. 15 If the lever 15 is at zero
and if the handwheel 17 is rotated, then the ship will turn on the spot.
~Theentire arrangenent for steering a shiﬁ may al so be such that a contro
- device - a steering wheel, throttle | svéf@ = which operates not by way of
the 20 mcroconputer but in the usual nmanner, is associated with each
thrust generator, eThe anakks girgnsdisd of the woltenidomhtesBold.déderibed
apparatus. Alternatively, it may be Cdnnected to the_ above-described
apparatus if t3E® FenVREiedbANS Higitadasdynals injzhe mIfEOGARPBEESi gnal s
of the potentioneters 12, 13, 14 are ,converted intg,dL%i;al signals in the
m croconput er 4% HH9%: 447 Gh & i % 383 4B R CRBRGEFREr card

51 available co Y 5.%aﬁ&é&1é¥¥§Jég¥§?é§35§ﬁ§hle&hgcﬁagﬁégfﬁe8§F§2?HSt

val ues, such as e speed,” prop e pit

- correspondi 89 Rgidessnd! lidie SdY] \@WoiCS seRigiakcUbakgd from the
setting values onh a conputing card, 1.e. a mcroprocessor 52 (for exanple a
~Jrodul e producegrdyeiiér blade pitch and the like, corresponding to
' these digital éetting values are calculated from the
setting v&lues on a computing card, i.e. a
micrdprocessor 52 (for example a module;produced By the
10 firm Motorola). These’ calculations depend upoﬁ the
arrangement of the rudder propellers in the ship, in
particular whether for”exampie-two-ruddér-propellers are
disposed in-the forward or aft area of the'ship; Other:
propeller arrangementS'méy'also be taken into-
15 COnsideration.-fThése rélati@nships:are étored3in the
:-microprocéssor'sz.so;calied:EPRbMé. (EPROMs are
commercially available-mpdﬁlés'whiﬁh*are Supplied"fo:-

example by the firm Motorola).

The values obtained in this way are théen converted inﬁo
20 analog signals by means df'a-digital-anaiog converter
Lg'-. y | ca;d-53 and fed to the cotresponding elécttbnic.cards in
| . a basic unit 54 as'a-séttiné'valué. This basic unit 54
essehtially contains for each rudder propeller an
evaluation logic circuit 55,55', a control éard 56,56
25 for the rotational speéd setting, a switching or .
proportional amplifier 57,57 for the 360° steeringiof

the rudder propellers and/or for controllable pitch



- m

eﬁr firmMtorola). These cal cul ations depend upon t he arrangenent of _the

idder -propellersin the ship, in particular whether for exanple two rudder
propellers are disposed in the forward or aft area of' the ship. & her
propel l er arrangenents may al so be taken into 15 consideration. These
rel'ati onships are stored in the microprocessor 52 so-called EPROVs. (EP
are comrercially avail abl e nodul es which are supplied for exanple by the
firm Mtorola). The values obtained.in thig way are then converted into 20
anal og signals by neans of a digital -analog converter card 53 .and fed to
t he correspondj onj ¢ | | ni tst | ue.
Thi s basic unﬁpg%giagg%%’t iéi| Tﬁgﬁ?%ﬁir ?rd"gsa%h fﬁourgézé%spﬁope lltdgpgg\r?a
eval uati on | 0gh£agif§Ukir&PiB5nd % CONE MPla el b GhHE Ai%ed Yerdle
rotational speed setting, a switching or proportional anplifier 57,57 for
the [err] steenésifing baeercscl®y. propellers and/or for controllable pitch
14b propellers, a-coupling card 58,58 for the coupling and braking circuit
and a bus plate (standardized term neaning base card). In addition., the

~ conputer may supply signals for 5 coupling and uncoupling the rudder
propel l ers, which afe 2d@htheRi cbhe CORRIEHRINFURRLY sl HEAL unit of

5 coupling and.ungoupling the.rudder_propellers; which are

Yar )

transmitted to the coupling card in the basic;unit-pf
the microcompnter by-way-of.an optical coupiing card
59. (An op;ical coupling_card'is-an optical
intermediary.memper between the computer output and the

100 consumer and is available-commercially.)

The entire arrangement may be provided with a switch 61
by which the-centte of gravity corresponding t§.the
state of the ship, i.e. whether empty, half-laden or

fully laden is taken into consideration.

15 Additionélly. the basic unit 54 may be provided
.wi;h_a warning card 60 (watch dog) which produces an

acoustic or_optical-signal if a breakdown occurs.

For the arrangement according to the invention and
the connexions described, sources are available to which
20 the person skilled in the art can refer, such as the

publications of the firms Motorola and Siemens



t he n1croconputer by way of an optical coupling card 59. (An opti cal
coupllng card isran optical intermediary menber between the conputer output
‘and the 10 _consuner and is avail able connercialL¥L1~IDENEQ;LL§NELiingenent
- may be provided with a switch 61 by which the centre of gr
: corhespondlng to the state of the ship, i.e. mheth - | aden or
fully laden is taken into consideration. 15 uﬂ@y basi c
unit 54 may be provided with a warning cd& d 60 (wattch ‘dog) oduces
a\/acoustlc or optical signal if a breakdown occurs. For the arrangenent
according to therammenti on and the connexi ons descri bed, sources are
-available to which 20 the person skilled in the art can refer, such as the
publications of the firns Mdtorola and Sienens . 1 5 CLAIMS 1. Apparatus
for. setting the direction of novenent &and the power in this direction of
movenent of a mhter%?h#taVMﬁcﬁP%om$#¢EE$ the |dractiqn taf ;ovegendr &0 s
arranged 5 . airs, with at least one drive unit for the thrust
gener at ors, thet PpRPUEEISIR oS s HEP BRI R RRMARA hP Ind @R T8 St Ig

.novenent of the watercraft, aboutgélvertlcal XIS and ‘a non- turnln%g venent

Jn the horizont ¥Rt ?aﬁ%mgélﬁﬁﬁla §3RE PR RS T ARRRRRTOF S, 2L 52

p) . in pairs, with at least one drive unit for the thrust

{tes

generators, the apparatus comprising an input device by

whigh a turning ﬁovement of the watercraft about a

vertical axisfand-a ndn—turning movement in the -

horlzontal plane as well as the power for movement can
1d _be set. the 1nput device. comprlslng the following

: _elements-:

a) a first transﬁitter?éxciusively for setting the
pbﬁet'for-a non;tufning movement of the
watercraft;

15 ' b)  a second transmltter ‘exclusively for settlng the

d1rect1on of the non-turnlng movement of the

watercraft;

P

in which a separate independent control element is

P11 N

provided fér each transmitter, and in which, at a

20 predetermined position of the control element for the
fi;st transmitter, the control element for the second
transmitter is locked in a position corresponding to

forwards and backwards travel.



ég@' be set, the input device conprising the followi ng elenments: a) a first
ransmitter exclusively for setting the power for a non-turning ‘novenent of
the watercraft: 15 b) a second transmitter exclusively for setting
the direction of the non-turning novenent of the ich a-
separate independent control elenment is provided n[ﬂlIHJMIIH“l'IIHMter
in which, at a 20 predetermi ned position of the contrfol “el Bneht *for the
first transmitter, the control elenment ?&r the second transmitter is |ocked
in a position corresponding to forwards and backwards travel. 16 2.
Appar atus-as chai mgdohRathdl Bslc1himbli ¢h Ehﬁlh”QUtlﬂthEGh'Hﬁéuﬂﬁﬁu@ third
transmtter exclu5|vely for setting the direction and power of the turning
of the watercrabiica ihcldasspar 8heérandepasitoteconkehselergntob Dbeing
provided for the said transnmtter. 3. Apparatus as clainmed in claiml or.
2, in which theetméngnthbedsrectlupoanéepuwennbﬂrsnéotuthenghoﬂsthe
generators by way of a mcroconputer. 4. Apparatus as clainmed in.claim1l or
2, including awa@enpca@@onputénrﬂhsenagener@ngephedpgnepootroheelhnest

5 being provided for the saxd transmltter,

3. Apparatus as claimed in claim 1 or 2, in which the
transmitters act upon servo motors for the thrust

generators by way of a microcomputer.

4. Apparatus as claimed in claim 1 or 2._inc1uding a
10 microcomputer which controls the power of the thrust
generators by changing the speed of the drive unit

and/or a chatacteristic of;the thrust generators.

5. Apparatus as claimed in claim 2, comprising

a) a head which is non-displaceably pivotable about
15 a first axis and which actuates the second

transmitter by way of gearwheels:

b) a lever which is mounted in the head, is
pivotable-about a second axis orthogonal to the
first axis, and is operatively connected by'ﬁay

20 - - of gearwheels to a toothed rack which is mounted °
so as to be longitudinally displaceable and
which actuates the first transmitter by way of a

pinion:

.'ﬂ) .

(A



_generators .by changi ng the speed of the drive unit -and/or a characterlstlcégg
of the thrust generators. 5. Apparatus as claimed in cla m 2 —conprisiag a)

~a head which. i s non-displaceably pivotable about 15 ﬂu Xi s
~and which actuates the second transmtter by way of J l"””’#l'"””,ﬂﬂﬂiever
"whi-ck is mounted in the head, is pivotable abbut a second axi swor

-to the first axis, and is operatlvely connect ed by way 20 of
gearwheel s to a toot hed rack which is nounted so -as to be Iongltudlnally
di_spl aceabl e and whfth achandekeehewhiehtis monntiad &0 @s Wy B& a pi ni on;
¢). a handwheel which is nounted so_as fo bge rotatable and whichis
operativel y connected b?°&%§35¥eg%%?WH%é?% 1% RFAtived ¥ connpated b

; | d | f f h
R en! o peruaet i RS naF] PeatingPLs el " d il t&%ﬂ&fﬂaﬁ%@'&o?nocl the

-5, in which a frame nmenber of the input device is provided with at |east
one. slot which natches the lever or a part joined to it and 10 - which

~coriesponds to pOﬁPEhPEtQ& 59%195‘.#)&& 9@“@1&‘{:9@ | h WHiGh &Hd 48l
orientated parallel 0 the nedian plane of the watercraft is exerted in
_@ach case. 5  of rotation of the handwheel coincides with the first

axis.

7. Apparatus as claimed in claiﬁ 5. in which a frame
" member of the input device is provided with at 1éést one
slot which.matches the lever or a part.joined:to it and
10 which corresponds to a position of the thrust generators
in which a thrust orientated parallel to the median

plane of the watercraft is exerted infeéch case.

8. Apparatus as claimed in claim 1 or 2, in which the
transmitters act by way-df a micro-computer upon
15 clutches between the drive unit and the thrust

generators.

9. Apparatus as claimed in claim 1 or 2., in which the

f"wj .

available setting range pf the contzrol element for the
first transmitter is greater when the control element
20 for the second transmitter is in its position for

forwards and reverse than in all other positions.



6 .

ELGi;%pafatus as claimed inclaiml or 2. in which the transnltters act by
way of a mcro-conputer upon 15 clutches between
t hrust generators. 9. Apparatus as clained.in cIa ch the
“avai |l abl e setting range of the control elenent fo ,mmam,,ﬁﬁﬂ gﬁtm tter ._i S
greater when the control elenment 20 for tl8e secont twansnh '
position for forwards and reverse than in all other p03|t|ons

Appar at us' f orLeet tApmrddmglifoartdentiofg mhee ddrecaidnt b€ mowemneint talmas

direction of novenment of a watercraft, substantially as described with </
reference to,thndaesHowtiis dinecidoapdnyiovenéniniofigs. watercraft,

substantially as described with reference to, and as

shown in, the accompanying drawings.
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