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54 SYSTEME AUTODIRECTEUR POUR BATEAUX

(54 SELF-STEERING SYSTEM FOR BOATS

(57) Systeme autodirecteur générique dans lequel
I’accouplement d’entrainement entre le gouvernail a
servo-pendule et un gouvernail auxiliaire est constitué
dun engrenage conique ou autre accouplement
d’entralnement  angulaire semblable sans joint.
L’ ¢lément d’entralnement ou, de préférence 1’élément
entrainé du dispositif d’embrayage, est ou devient
assyjetti en place dans les deux positions. L’¢lément
d’entralnement ou 1’élément entrainé est de préférence
sous forme d’un basculeur qu’on peut faire basculer
autour de son axe entre la position de travail, ¢’est-a-dire
quand il est en prise, et la position de repos, ¢’est-a-dire
quand il n’est pas en prise.

I*I Industrie Canada  Industry Canada

(57) A generic self-steering system wherein the drive
connection between a servo-pendulum rudder and an
auxiliary rudder comprises a toothed bevel gear or a
similar joint-free angular drive connection. The drive
member or, preferably, the driven member, of the clutch
device is or becomes secured in place in both positions.
The drive member or the driven member is preferably in
the form of a rocker that can be pivoted about its rocker
axis between the working position, that is to say the
engaged state, and the resting position, that is to say the
disengaged state.
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ABSTRACT OF THE DISCLOSURE

A generic self-steering system wherein the drive
connection between a servo-pendulum rudder and an auxiliary
rudder comprises a toothed bevel gear or a similar joint-free
angular drive connection. The drive member or, preferably,
the driven member, of the clutch device is or becomes secured
in place in both positions. The drive member or the driven
member is preferably in the form of a rocker that can be
pivoted about its rocker axis between the working position,
that is to say the engaged state, and the resting position,

that is to say the disengaged state.
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Self-steering system for boats

The present invention relates to a self-steering system for
boats, in particular sailing boats, according to the pre-
characterizing clause of Claim 1. ‘

5 Known, generic self-steering systems comprise four main ele-
ments, namely a positioning device (transducer),?a sexvo-
pendulum rudder, an auxiliary rudder and a disengageable
drive connection between servo-pendulum rudder and auxiliary
rudder. Course corrections are effected through said dis-

10 engageable drive connection by the auxiliary rudder as a re-
sult of a pivoting motion of the servo-pendulum rudder,
which is caused to perform a pendulum swing by the positio-
ning device. The drive connection can be released using the
clutch device. Specifically, such a self-steering system

i5 consists of a servo-pendulum rudder, which can be rotated by
means of a positioning device such as a windvane or a com-
pass-controlled servomotor when the boat deviates from a de-
sired course and which as a result of the rotation can be
pivoted out transversely to the keel line of the boat by

20 water flowing past, an auxiliary rudder, which can be forci-
bly rotated about an approximately vertical axis of rotation
as a result of a pivoting motion of the servo-pendulum rud-
der, can be flowed against by water flowing past and is used
to generate course corrections, and also a clutch device for

CA 02245192 1998-08-17
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engaging and disengaging the drive connection between the
servo-pendulum rudder and the auxiliary rudder.

Problems may be experienced with the drive connection due to
possible extreme swings of the servo-pendulum rudder and/or
possible high forces in a seaway. The clutch devicé itself,
which is combined with the drive connection, also gives
cause for concern for the same reasons. Prior solutions have

thus failed to provide complete satisfaction.

In the self-steering system with servo-pendulum and auxilia-
ry rudder known from EP-A2-243 942, the releasable drive
connection comprises two levexrs carxying joint balls at
their free ends and an intermediate Cardan-like lever, which
accommodates the balls together and has a removabre bearing
surface for releasing one of the two balls, i.e. for dis-
engaging the drive connection. This drive connection thus
consists of two knuckle joints, active in the working posi-
tion along two or three axes, which, although providing a
relatively low-play drive connection, demand a certain agi-
lity during engaging and disengaging and also require a hand
to be placed directly on the double-jointed connection du-
ring engaging and disengaging. This proximity of the hand to
the moving parts entails a risk of injury. Furthermore, the
joint sockets of the intermediate lever are subject to a not
inconsiderable risk of breakage in the case of impulsive
movements of the servo-pendulum rudder or of the auxiliary
ruddex.

In another known self-steering system with seronpendulum
rudder and additional auxiliary rudder based on G?Ul—es 10
313.3, the releasable drive connection between servo-pendu-
Jum rudder and auxiliary rudder consists of a tiller for
operating the auxiliary rudder, which tiller encloses a
windvane mounting shaft in the manner of a frame, ﬁan pivot

vertically and rests with a U shaped recess on'a horizontal-

02245192 1998-08-17
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ly oriented finger, said finger protruding laterally from
the upper end of the servo-pendulum rudder above the pendu-
jum axle of the latter and thus transmitting the pendulum

motion of the servo-pendulum rudder to the frame-like tiller

of the auxiliary rudder. The force transmission finger moves
along a circular path in the vertical plane, so the joint
for vertically pivoting the auxiliary rudder tillér has to
be very smooth running to follow every pendulum swing of the
servo-pendulum rudder horizontally and vertically. Only thus
can it be ensured that the frame-like tiller, also referred
to as the driving yoke, always remains in positive-locking
contact with the force transmission finger of the servo--
pendulum rudder. Although such a drive connection offers a
degree of remote operation and thus limits the risk of inju-
ry during engaging and disengaging, it also allows a not
inconsiderable amount of mechanical play, which has a detri-
mental effect on responsiveness. Furthermore, the rudder
travel is severely restricted by the frame construction of
the tiller and the functional reliability when transmitting
relatively high forces and/or relatively frequent pendulum

movements gives cause for concern.

Against the background of this prior art the object of the
present invention is to improve the handling and operational
reliability of the clutch device. Moreover it is desired to
accommodate the possible extreme loads on the drive connec-
tion in a more satisfactory manner.

The invention proposes a self-steering system with the fea-
tures of Claim 1 in solution of this object. Accordingly in
a generic self-steering system (i) the drive connection
between the servo-pendulum rudder and the auxiliary rudder
comprises a toothed bevel gear or a similar joint-free angu-
lar drive connection and (ii) the drive member or, prefera-
bly, the driven member, of the clutch device is ot becomes

secured in place in both positions. The drive member or the

02245192 1998-08-17
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driven member is preferably in the form of a rocker that can
be pivoted about its rocker axis between the working posi-
tion, that is to say the engaged state, and the resting
position, that is to say the disengaged state.

The invention, in particular with a toothed bevel gear ele-
ment (drive member or driven member) realized as a rocker,
allows even large and impulsive forces to be transmitted
operationally reliably almost without wear and with a preci-
sely predefinable margin for play, and at the same time also
allows the operator to engage and disengage the self-stee-
ring system, even when the latter is fully loaded, without
serious risk of injury. It thus even allows safe operation
when, for example, the boat equipped with the self-steering
system is making little way through a sloppy seé’and the
servo-pendulum rudderx is subject to sudden lateral impulses
which load the drive connection and generally also set it in
motion. The self-steering system can likewise also be safely
engaged and disengaged when the boat is making good way
despite the high dynamic loads that occur at speed. This is
of particular benefit when, for example, it becomes necessa-
ry to disengage in order to make a sudden avoiding: manoeuv-

re.

A rocker according to the invention represents a particular-
ly advantageous way of allowing the operator to keep the
operating hand sufficiently far away from the actual drive
connection when carrying out the engaging operation. A hand-
le, such as an auxiliary steering tiller or the iike, may
for example by provided for carrying out the rocker move-
ment. Moreover the rocker, i.e. the movable drive-br driven
member, can be secured in place particularly efféctively,
that is to say to quickly and with strength for forde trans-
nission, with simple means and without compromising the
necessary margin for play. |

02245192 1998-08-17
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Executing the joint-free drive connection as a'bevel gear,
as is particularly preferred, allows said drive connection
to be free of slip, capable of withstanding high mechanical
loads and also particularly free of wear. Since the lateral

S swings, i.e. pendulum swings, of the servo-pendulum rudder
do not exceed approximately +/- 30° in normal operatlon, or
at least only exceed this range in exceptional cases, the
toothed bevel gear can, as is particularly preferred be in
the form of toothed segments of a circle. This advantageous-

10 ly allows the drive connection to separate in the event of
extreme servo-pendulum rudder pendulum swings in order to
avoid the auxiliary rudder being overloaded, damaged or
forced to make undesirable extreme swings. Moreover, this
removes the need for maximum travel limiters, so the consi-

15 derable forces that can occur at such stops are avoided and
the self-steering system components affected can consequent-
ly be of lightweight design.

The arrangement of the rocker at the head of the ﬁuxiliary
20 rudder shaft, especially on centre, is particularly advanta-
geous, as it makes the rocker particularly easily accessible
for the engaging operation and considerably simplifies the

design of the drive connection.

25 Expedient configurations of the subject matter of the inven-
tion, which in particular ensure high operating convenience,
in particular also one-hand operation, and high mechanical
strength, low-play connection, few components, high opera-
ting reliability and a particularly low risk of 1n]ury, may

30 be found in the remaining claims.

The components mentioned above, claimed and described in the
exemplary embodiment that are to be used according to the
invention are not subject to any particular speC1al requlre-
35 ments with respect to their dimensions, shape, choice of
materials and technical design, so the selection .criteria

CA 02245192 1998-08-17
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known in the respective area of application may be applied
without restriction. '

Further details, features and advantages of the subject

S matter of the invention may be found in the following des-
cription of the appended drawing, in which, by way of ex-
ample, a preferred embodiment of the self-steering system is
shown and in which:

10 Fig. 1 shows a self-steering system in perspective view;

Fig. 2 shows a detailed view of the same self-steering
system, specifically of the rocker, from above
(view A in Fig. 1 and 3);
15
Fig. 3 shows a side view of the rocker according to Fig.
2 (view B), partially in section along the line
III-III;

20 Fig. 4 shows a view of the rocker according to Fig. 2 and
3 from below (view C in Fig. 3 and 5);

Fig. 5 shows a further side view of the rocker according
to Fig. 2 (view D in Fig. 2, 3 and 4);
25
Fig. 6 shows a vertical section through the same rocker
along the line VI-VI in Fig. 2 and 3;

Fig. 7 shows a further vertical section through the same
30 rocker along the line VII-VII in Fig. 2 and 3;

Fig. B8A/B shows an enlarged detailed representation of the
self-steering system according to Fig. 1'with the
rocker in the engaged (Fig. B8A) and disengaged

35 (Fig. 8B) states.

CA 02245192 1998-08-17
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Figure 1 shows a self-steering system 100 having a servo--
pendulum rudder 10, an auxiliary rudder 20, a positioning
device 30 (transducer) with a windvane 31 and an engageable
and disengageable drive connection 40 between the servo--
pendulum rudder and the auxiliary rudder.

In the event of a deviation from the desired course, that is
to say, in the case of the embodiment shown and to this
extent preferred, a deviation of the actual angle of inci-
dence from the prescribed angle of incidence SK between
apparent wind direction and heading K of the boat B, the airx
flow streaming past flows against the windvane with a late-
ral component, thus causing the windvane to move out of its
vertical neutral position shown in Fig. 1. This movement W
of the windvane 31 is transmitted in a motion of rotation R
of the servo-pendulum rudder shaft 11 about the latter’s
axis of rotation 12 to the servo-pendulum rudder blade 13,
which is in the water, by means of a connecting rod 32 and
a linkage protected by a housing 33. The servo-pendulum
rudder blade is thus turned out of its neutral position,
shown in Fig. 1, essentially parallel to the keel line K of
the boat B and experiences a transverse force to the starbo-
ard or port side of the boat. The servo-pendulum rudder
blade gives in response to this transverse force component
because the servo-pendulum rudder arm 14 is mounted in a
pendulum arm holder 19 such that it can pivot (P) about a
horizontal or slightly inclined stationary pendulum axle 15
in one bearing region 16 or in two bearing regions 16 spaced
apart from each other. The pendulum axle is provided on a
cantilever bolt 17 that is (indirectly) fastened rigidly to
the boat.

The pendulum arm 14 extends in two directions, the lower
lever arm 14A taking the form of a quadrant segment: in order
to accommodate the servo-pendulum shaft bearing. and the
bearing on the cantilever bolt 17 at right angies to each

02245192 1998-08-17
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other, and the second, upwardly angled lever arm 14B bearing
the drive member of the drive connection 40 to the auxiliary
rudder 20 at its upper free end (Fig. BA/B). In the exem-
plary embodiment shown and to this extent preferred, this
free end of the lever arm 14B has a 90° segment of a circu-
lar toothed bevel gear. This drive member 41 is advantage-
ously fastened at the upper free end of the pendulum arm 14
in such a way that the summit of the toothed bevel gear 42
represents the uppermost end of the respective lever arm
14B. The teeth will mesh through pendulum swings covering an
angular range of +/- 30°,.

Along the line of the imaginary extension of the cantilever
bolt 17 to the stern S of the boat B can be found a suppor-
ting structure 21, which bears both the auxiliary rudder 20
and the cantilever bolt 17 and thus the servo-pendulum rud-
der 10 together with the positioning device 30, which is
fastened to the cantilever bolt 17 in a rotationaily-fixed
manner. On its side remote from the cantilever bolt 17 the
supporting structure 21 can be fastened by means of a moun-
ting element 22 to the stern S of the respective boat B.

The supporting structure 21, directly or indirectly, allows
the shaft 23 of the auxiliary rudder 20 to be mounted, free
to rotate, in an approximately vertical position. The auxi-
liary rudder shaft 23 protruding at its upper end above the
supporting structure 21 or ending at the latter has a rota-
tory force transmission component 25 in order to transmit
the motion of rotation of a driven member 43 bornelby said
component 25 to the auxiliary rudder shaft 23 with axis of
rotation 24. The self-steering system described thus far,
with the exception of the toothed bevel gear 42, is known
from the Applicant’s EP-Al-0 243 942. There is thus no need
to provide any further detail on the function of the indivi-
dual elements, reference being made in this respect to EP--
Al-0 243 942.

02245192 1998-08-17
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As can be seen in detail in Figures 2 to 8A/B, the driven
member 43 comprises a rocker pivotable through an angle of
approximately 15 to 20° about a horizontal rocker axis 44
aligned approximately perpendicular to the keel line K of
5 the boat B in the zero position. The rocker leg 4¢3A facing
aft with respect to the boat B bears at its extreme end a
90° segment of a toothed bevel gear 45 that meshes with the
toothed bevel gear 42 of the drive member 41 in the working
position of the rocker Fig 8A. As can be seen in Fig. 8A,
10 the toothed bevel gears 42 and 45 are perfectly enﬁaged when
the approximately horizontal underside (stop 463) of the
rocker leg 43A is resting with a stop face 46A on the head
23A of the auxiliary rudder shaft 23 such that the angle
between them is minimal. This precisely defines the mechani-
15 cal play of the toothed bevel gear 42, 45.

The rocker 43 is transferred to the resting position shown
in Figure 8B by pivoting it through approximately 15° about
the rocker axis 44 by means of an auxiliary steering tiller
20 47 that may optionally be capable of being fastened in dif-
ferent positions. The underside of the front rocker leg 43B
rises to the left, i.e. forwards, in the working position
and has a nose-like conical blocking element 48 formed, for
example integrally, on its free end. Pivoting the rocker
25 from the working position shown in Figures 1 and 8A into the
resting position shown in Figure 8B inserts the: blocking
element 48 into a conical recess 49, provided on the suppor-
ting structure 21, that serves as the blocking counter. This
combination of blocking element and blocking counter is
30 provided in case, as is preferred, the auxiliary rudder is
simultaneously to be held blocked against rotation in its
neutral position when the rocker is in the resting position,
i.e. in the disengaged state. In this embodiment the rocker
43 must assume either the working position or the blocking
35 position; no other states are possible. In the interests of
compactness, transmission strength and minimum play, the

CA 02245192 1998-08-17
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rocker 43 is configured on its underside for a positive--
locking connection with the head of the auxiliary rudder
shaft 23 in such a way that two recesses 51 (Fig.'3, 4 and
6) provided parallel to the keel line are incorporated in
5 the underside of the rocker so as to give the longest possi-
ble double lever for transmitting the rotatory force. The
recesses 51, which can be seen most clearly in Figﬁres 3, 4
and 6, are shaped to conform to hump-like elements 26 (Fig.
8A/B) provided at the head of the auxiliary rudder shaft 23
10 such that these humps are able to engage in the recess 51
with minimum play, but also such that the rockexr 43 can be
pivoted about these humps between the working position and

the resting position.

15 To provide the best possible pivoting mounting the rocker 43
has a bore right through its width along the rocker axis 44
(Fig. 3 and 4) such that swivel pins 53, which can be inser-
ted and screwed fast into the bores 52 from both sides, pass
through the recesses 51 such that they coincide with the

20 humps on the head of the auxiliary rudder shaft (Fig; 8A/B).
For this purpose these humps are drilled through flush with
the bores 52 so that the swivel pins 53 are accommodated to
minimize play. The rocker 43 is thus fastened such that it
cannot be lost, is free to pivot and can rotate. together

25 with the auxiliary rudder shaft 23 about the éuxiliary rud-
der shaft axis.

One single retaining element is sufficient to enéure that
the rocker 43 is effectively secured in its working position
30 and in its resting position. This retaining eleménﬁ consists
of a one-sided lever arm 54, which is fastened in a central
position in the head of the auxiliary rudder.shaft 23 and
can pivot about an approximately horizontal lateral axis 59
(Figures 1 and 8A/B). This lever arm 54 passes through the
35 central region of the rocker 43. Accordingly the rocker 43
has an elongated hole 55 extending approximately parallel to

CA 02245192 1998-08-17
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the keel line K with the auxiliary rudder 20 in the neutral
position and being arranged such that the rocker axis 44
passes approximately through the centre of the elongated
hole 55. The swivel pins 53 thus end close to the wall of
5 the elongated hole so that there is space in this region of
the elongated hole for the lever arm 54 to pass through.

Stop surfaces 56 and 57, arranged inclined towards each
other, are provided at the upper opening end of the elonga-
10 ted hole 55 to support a clamping piece 54B, which is moun-
ted on the lever arm 54 such that it can be adjusted along
the lever arm 54 using an actuator 58 (Fig. 1). As can be
seen from Figure 8A, the lever arm 54, which is limited in
its pivoting movement by the elongated hole 55, is pivoted
15 about its pivoting axis 59 into the rearmost position, to
the right in the drawing, in the working position so that
the clamping piece rests against the stop surface 57 and
holds the rocker 43 in its working position. Releasing the
clamping piece 54B by rotating the actuator 58 about the
20 longitudinal axis of the lever arm 54 releases the rocker
43, allowing the lever arm 54 to be pivoted forwards (to the
left in the drawing) about its pivot axis 59. In this posi-
tion (Fig. 8b) the clamping piece 54B is moved back towards
the rocker, using the actuator, so that the clamping piece
25 comes to rest against the stop surface 56. Once the rocker
has been pivoted into the resting position, the clamping
piece is tightened fast against the stop surface 56 using
the actuator, thus fixing the rocker arrangement in the
resting position.

30
As the pivoting axis 59 of the lever arm 54 is positioned
with some spacing below the rocker axis 44, the lever arm 54
is always held in a defined position and thus cannot acci-
dentally pivot out of the respective pivoting position if,
35S for example, vibration causes the clamping element to relea-

se unintentionally (Fig. 7). The lever arm can also serve as

CA 02245192 1998-08-17
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a remote control for pivoting the rocker when the clamping
element is released. |

CA 02245192 1998-08-17
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clamping piece
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Claims
1. Self-steering system for boats, in particular for sai-

ling boats,

having a servo-pendulum rudder (10), which can be
rotated by a positioning device (30) such as a
windvane (31) or a compass~controlled servomotor
in the event of deviations from the desired course
and which as a result of the rotation can be pivo-
ted out transversely to the keel line of the boat
by water flowing past,

having an auxiliary rudder (20), which can be for-
cibly rotated about an approximately vertical axis
of rotation (24) as a result of a pivoting motion
of the servo-pendulum rudder (10), can be flowed
against by water flowing past and is used to gene-
rate course corrections when the boat deviates

from the desired course, and

having a clutch device for engaging and disenga-
ging the drive connection (40) between the servo-
pendulum rudder (10) and the auxiliary rudder (20)
with at least one drive member and at least one
driven member, and with a force transmission mem-
ber that can be moved between a working position,
that is to say the engaged state, and a resting
position, that is to say the disengaged state, in
so doing bringing together or drawing apart the
drive member and driven member of theAanghlar dri-

ve connection,

characterized in that

02245192 1998-08-17
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- the drive connection (40) between the
servo-pendulum rudder (10) and the auxiliary rud-
der (20) comprises a toothed bevel gear (42, 45)
or a similar joint-free angular drive connection,
5 and

- the drive member (41) or, preferably, the driven
member (43), of the clutch device is or becomes
secured in place both in the working position and

10 in the resting position.

2. Self-steering system according to Claim 1, characteri-
zed in that the drive connection (40) comprises toothed
bevel gears (42, 45), which are in the form of segments

15 of a circle and which mesh with each other.

3. Self-steering system according to Claim 1 or 2, charac-~
terized in that the drive member (41) or the driven
member is in the form of a rocker that can bé pivoted

20 about its rocker axis (44) between the working position
and the resting position.

4. Self-steering system according to Claim 3, characteri-
zed in that the rocker is arranged on the upper end of
25 the shaft of the auxiliary rudder (20).

5. Self-steering system according to any of Claims 1 to ¢,
characterized in that the rocker and the auxiliary
rudder shaft (23) are connected for the purposes of

30 rotational drive by rotatory force transmission compo-
nents (51, 61) that interconnect in a positive-locking
manner and together accommodate the rocker axis (44).

6. Self-steering system according to any of Claims 1 to 5,
35 characterized in that the rocker has a blocking element

CA 02245192 1998-08-17
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(48) for latching with a stationary blocking counter
(49) when the rocker assumes the resting position.

Self-steering system according to any of Claims 1 to 5,
characterized in that the driving member (43) has an
auxiliary steering tiller (47) for steering the boat by
hand or by means of a servomotor.

Self-steering system according to any of Claims 1 to 7,
characterized in that the rocker can be pivoted from
the resting position into the working position and back
again using a handle, such as an auxiliary steering
tiller (47) or a locking lever (54, 58).

Self-steering system according to any of Claims 1 to 8,
characterized by a pivotable locking lever‘(54, 58) for
securing the rocker in place in the working position
and in the resting position, the rockex being locked in
a first and in a second pivoting position of the lok-

king lever.

Self-steering system according to Claim 8 or 9, charac-
terized in that the locking lever is arranged in a cen-
tral position such that as it pivots it intersects with
the rocker axis (44).

Self-steering system according to any of Cléims 8 to
10, characterized in that the rocker has stop surfaces
(56, 57), arranged inclined towards each other, to
support the locking lever in the resting position and
in the working position. '

Self-steering system according to any of Claims 1 to
11, characterized in that stops (46B, 48) are provided
for the working position and for the resting position
for the movable drive member or driven membe:.
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