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Description

The present invention relates to a control device of a water-jet propulsor for a watercraft which, in a water-jet pro-
pelled watercraft of two propellers, four propellers or more, makes it possible for one person to easily control compli-
cated maneuver operations required when approaching or leaving a pier, by controlling the engine revolution speed
(thrust), reverser and deflector angles of the water-jet propulsor by means of a single joystick or the joystick and a head-
ing control dial.

While a water-jet propelled watercraft of a twin engine/twin propeller configuration has been known, in many cases
the thrust of each water-jet propulsor (reverser angle and engine revolution speed) and deflector angle are either indi-
vidually controlled for each propulsor or collectively controlled so that these values of different propulsors are the same
in the same direction. In case such a control method is applied to a configuration of the present invention, a 4-engine/4-
propeller configuration for example, an individual maneuver control is very difficult because of the great number of ship
maneuvering effectors, and a complicated maneuvering, such as in harbor, is impossible with a simple collective con-
trol.

Japanese Patent Unexamined Publication No. 1-285486 discloses a watercraft control device which, provided with
two propulsors capable of freely setting the direction and intensity of thrust, an all-direction controller, such as a single
joystick, a selector switch and a steering wheel, controls the direction and intensity of thrust of each propulsor according
to the position and the amount of rotating of an operating section of the all-direction controller. In the control device of
the disclosed configuration, the all-direction controller and the selector switch are operated to maneuver a vessel for
approaching or leaving a pier, that is, to move the vessel transversely or in oblique direction or turn the vessel at a sta-
tionary position. But any of these movements requires it to switch the mode which causes discontinuity in the maneuver,
reducing the swiftness in maneuver control, and therefore this configuration is not suited for one person carrying out
complicated maneuver operations such as in harbor.

The control device disclosed in Japanese Patent Unexamined Publication No. 6-24388 requires to operate two for-
ward/reverse levers in addition to a steering wheel simultaneously, and therefore has the drawback that maneuver con-
trol, such as in harbor, by one-man control is difficult.

The object of the present invention is to provide a control device for a water-jet propulsor, which enables it to set an
appropriate maneuvering force and is suited to complicated maneuver operations which involve many ship maneuver-
ing effectors, such as in harbor.

To achieve the above object, in a control device of a water-jet propulsor for a watercraft according to the invention,
a single joystick is installed which is freely movable within a certain control plane with the center of the control plane
being designated as a neutral origin, and a plurality of set points being established at operation limit positions in the
control plane of the joystick, while a maximum thrust and a maximum deflector angle of each of the main propulsors
installed at the port and starboard are set for the plurality of set points, and a command value of thrust and a command
value of deflector angle for an intermediate control point in the control plane of the joystick are determined by interpo-
lation between three points, the origin and two set points in a vicinity thereof, so that the forward/reverse thrust and the
deflector angles of the port and starboard main propulsors are controlled by means of the single joystick according to
the command values.

In this control device it is preferred that at least a pair of auxiliary propulsors each having a reverser mechanism are
installed at the port and starboard in the above configuration to constitute a water-jet propelled watercraft of four or a
greater number of propellers, a heading control dial for the pair of auxiliary propulsors is installed near the joystick, while
a position of zero rotation angle of the heading control dial is set as a neutral origin and a unit amount of maximum
thrust of each auxiliary propulsor are set at laterally symmetrical positions of certain rotation angles, so that for-
ward/reverse thrust of each auxiliary propulsor is controlled independently from the main propulsors by operating the
heading control dial.

In another control device of a water-jet propulsor for a watercraft according to the invention, in a water-jet propelled
watercraft of at least four propellers comprising at least a pair of main propulsors, each having a reverser mechanism
to control the forward/reverse thrust and a deflector mechanism to control the deflector angle, disposed on the port and
starboard sides at the stern and at least a pair of auxiliary propulsors each having a reverser mechanism disposed on
the port and starboard sides at the stern, wherein a single joystick is installed which is freely movable within a certain
control plane with the center of the control plane being designated as a neutral origin and a plurality of set points being
established at operation limit positions in the control plane of the joystick, while a unit amount of maximum thrust of
each of the port and starboard main propulsors and auxiliary propulsors and a unit amount of maximum deflector angle
of each of the main propulsors are set for the plurality of set points, and a command value of thrust and a command
value of deflector angle for an intermediate control point in the control plane of the joystick are determined by interpo-
lation between three points, the origin and two set points in a vicinity thereof, so that the forward/reverse thrusts and the
deflector angles of the port and starboard main propulsors and the forward/reverse thrusts of the port and starboard
auxiliary propulsors are controlled by means of the single joystick according to the command values.

In this control device it is preferred that a heading control dial for each auxiliary propulsor is installed near the joy-
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stick, with a position of the zero rotation angle of the heading control dial being set as a neutral origin and a unit amount
of maximum thrust of each of the port and starboard auxiliary propulsors being set at laterally symmetrical positions of
specified rotation angles, so that forward/reverse thrust of each auxiliary propulsor is controlled by superposing a con-
trol command value of the heading control dial and a control command value of the joystick.

With these control devices all maneuver operations in harbor which involve the largest number of ship maneuvering
effectors can be carried out by means of only the joystick or by simply operating the heading control dial together with
the joystick. Also because such a configuration can be made that the operation direction of the joystick or the heading
control dial coincides with the actual direction of the vessel movement, the operation agrees with the vessel operator's
feeling so that the maneuvering becomes very easy. As a result, quick and accurate maneuvering is made possible, and
the time taken to approach or leave a pier is greatly reduced.

Because a plurality of water-jet propulsors are provided, the maneuvering force can be easily increased and there-
fore water-jet propulsors most suitable for maneuvering large-sized vessels can be obtained.

Also because the means according to claims 2 through 4 can utilize a turning moment generated by the pair of aux-
iliary propulsors, maneuvering operations similar to those of the case provided with a bow thruster, namely transverse
movement of the vessel and heading about a point near the stern can be done.

The means according to claim 3, in particular, makes it possible to move the vessel transversely or quickly turning
the vessel with a small turning radius by operating the joystick only.

Now preferred embodiments of the present invention will be described below with reference to the accompanying
drawings.

Figure 1 shows a first embodiment of the invention, with part (a) being a schematic plan view of a 2-propeller water-
jet propelled vessel and part (b) being an enlarged perspective view of the stern portion of a vessel provided with two
water-jet propulsors.

Figure 2 shows in part (a) a longitudinal sectional view of the water-jet propulsor in neutral state, and in part (b) a
table of command values at this time.

Figure 3 shows in part (a) is a longitudinal sectional view of the water-jet propulsor in forward state, and in part (b)
a table of command values at this time.

Figure 4 shows in part (a) a longitudinal sectional view of the water-jet propulsor in reverse state, and in part (b) a
table of command values at this time.

Figure 5 is a drawing explaining a combinator control.

Figure 6 is a drawing showing the operation range of a joystick.

Figure 7 is a drawing showing command values and cases of maneuver operation in the first embodiment.

Figure 8 shows a second embodiment of the present invention with part (a) being a schematic drawing of a 4-pro-
peller water-jet propelled watercraft and part (b) being an enlarged perspective view of the stern portion where main
propulsors and auxiliary propulsors are installed.

Figure 9 is a plan view of the stern portion of a 6-propeller water-jet propelled watercraft.

Figure 10 is a drawing showing command values and cases of a maneuver operation in the second embodiment.

Figure 11 is a schematic drawing of a 4-propeller water-jet propelled watercraft showing the third embodiment of
the invention of the present application.

Figure 12 is a drawing showing command values and cases of a maneuver operation in the third embodiment.

The first embodiment of the invention is a case of controlling ship maneuvering effectors by means of only a single
joystick in a twin propeller vessel. Figure 1 shows a vessel provided with twin engine/twin propeller water-jet propulsors,
with (a) being a schematic plan view thereof and (b) being an enlarged perspective view of the stern of a vessel pro-
vided with two water-jet propulsors.

As shown in Figure 1(a), a remote control device (including a controller) 3 provided with a single joystick 1 having
all-direction capability is installed thereby to make it easy for one person to maneuver the vessel when approaching or
leaving a pier (one-man control). The control device 3 is usually installed at each wing out of wheelhouse for the con-
venience of maneuvering in harbor. Each of the two water-jet propulsors (main propulsors) 5, 6 installed at the end of
a stern is provided with an engine 4 linked therewith to drive the water-jet propulsor, thereby forming twin engine/twin
propeller water-jet propulsion apparatus. Revolution speed of each engine 4 and reverser mechanisms R and deflector
mechanisms D of the port and starboard main propulsors 5, 6, as shown in Figure 1(b), are controlled by operating the
joystick 1. That is, the two water-jet propulsors are constituted as main propulsors having the reverser mechanisms R
which control forward/reverse movement and the deflector mechanisms D which control the steering. The two propul-
sors are disposed symmetrically at port and starboard. Of the two water-jet propulsors, one disposed at the port is also
called port unit 5 and one disposed at the starboard is called starboard unit 6.

Figure 2(a), Figure 3(a) and Figure 4(a) are longitudinal sectional views of the water-jet propulsor, showing the
water-jet propulsor in neutral, forward and reverse states, respectively. In the drawing, the reverser mechanism R is also
called a reverse jet apparatus, and comprises an upper flap 10, a lower flap 11 which are linked to move in coordination
by a link mechanism L moved by extending and retracting movements of an actuator (drive cylinder) 9, and a reverse
bucket 12. When the vessel moves forward, for example, the reverse bucket 12 is in a horizontal position as shown in



10

15

20

25

30

35

40

45

50

55

EP 0 778 196 A1

Figure 3(a), and the upper and lower flaps 10, 11 are parallel to each other to form maximum discharge aperture 14
therebetween (this is a state of full-forward reverser angle generating the maximum thrust), so that jet stream dis-
charged from a nozzle 18 is spouted straight backward thereby to obtain maximum thrust. When moving the vessel
backward, the upper and lower flaps 10, 11 are at closing position, as shown in Figure 4(a), and the reverse bucket 12
swings downward to a position where a lower aperture 15 fully opens (this is a state of full-backward reverser angle gen-
erating the maximum reverse thrust), so that jet stream hits the upper and lower flaps 10, 11 thereby to be bent down-
ward and is spouted obliquely forward along the reverse bucket 12, 50 that the maximum reverse thrust is obtained.
Figure 1(h) also shows the state of reverse movement. The invention is not limited to the configurations described
above, and can be embodied as far as the water-jet propulsor is made in such a configuration that the functions of the
reverser mechanism, deflector, etc. similar to those described above can be achieved.

The deflector mechanism D is also called a horizontal jet angle deflector device, and performs the same function
as that of a steering device by pivoting the deflector 13 on a vertical pin 17 on the pump casing 16 side, as shown in
Figure 3(a), and horizontally swinging the deflector 13 around the pin 17 by means of another actuator (omitted in the
drawing) (the angle of swing is called the deflector angle, while the maximum deflector angle is obtained when the
deflector 13 is swung fully to the left or right). The actuator is not shown in Figure 2(a) through Figure 3(a) to avoid com-
plication of the drawing.

As shown in Figure 5, the thrusts of the port and starboard main propulsors are controlled by the combination of
the reverser angle and the revolution speed of the main engine, in the so-called combinator control method (the same
applies also to the auxiliary propulsors to be described later). Figure 5 shows the relation between the revolution speed
RPM of the engine and the reverser angle which are plotted along the ordinate and the thrust which is plotted along the
abscissa. The reverser angle along the ordinate represents forward motion when it is in the upper half, reverse motion
when it is in the lower half, and neutral state when it is 0. The neutral state corresponds to the state when the reverser
mechanism R is at the position of Figure 2(a). The right half of the abscissa represents forward thrust and the left half
of the abscissa represents reverse thrust. As will be understood from this drawing, in the combinator control method,
intensity of thrust is adjusted by decreasing the engine revolution speed to an idling speed and changing the reverser
angle when a low thrust is commanded, and intensity of thrust is adjusted by changing the engine revolution speed with
the reverser angle fixed to full-forward or full-reverse state when a high thrust is commanded.

The joystick 1 is made to be freely movable within the area enclosed in a square in Figure 6, namely within a spec-
ified control plane, while the thrust of each main propulsor and the deflector angle are defined by the center (origin) 0
of the control plane, operation limit positions (1), (5) of the joystick in the control plane just above and below the origin,
end points (3), (7) to the right and left of the origin and four corners (2), (4), (6), (8) on diagonals between these points,
nine set points in all, in the square (not limited to a square, and the control plane may be of circular or other shape).
Usually, the maximum thrust and maximum deflector angle are set to unit amounts (the unit amount means a control
command value, and the maximum value is set to 1 in the following embodiments), the thrust being assigned with + sign
in the case of forward movement and - sign in the case of reverse movement, and the deflector angle being assigned
with + sign in the case of counterclockwise heading and - sign in the case of clockwise heading. The unit amount is
determined as an intrinsic value for the applied vessel and is usually determined through a simulation. In the above
example, the unit amount of maximum thrust of each main propulsor at the eight set points other than the origin is set
to 1 (absolute value). The deflector angle is set to zero at the origin, set point (1) and set point (5), and the unit amount
of maximum deflector angle is set to | (absolute value) at the other set points (2) through (4) and (6) through (8). When
the joystick 1 is positioned at set point (1), for example, the maneuver control device 3 issues a thrust control value of
1 to a control device (not shown in the drawing) of each main propulsor, thereby controlling the water-jet propulsors to
generate maximum thrust (specifically, controlling a hydraulic cylinder 9 of Figure 2).

At a certain set point, the value may be adjusted and changed for the reason of maneuver control. For example, the
value may be changed from 1 to 0.75 according to the actual state of maneuvering.

When the joystick 1 is at an intermediate operation point, for example at point A in Figure 6, control command val-
ues of thrust and deflector angle for each water-jet propulsor are determined instantaneously every time the joystick is
operated, by interpolating three points including the origin and the vicinity thereof (the origin and set points (1), (2) in
this case). When the joystick 1 is turned from point 0 by 1/2 forward and 1/4 to the right thereby to be positioned at point
A, for example, thrust and deflector angle at this time are determined by interpolation as follows.

Port propulsor thrust = (Port side thrust of (1) - port side thrust of 0) x 1/2 + (Port side thrust of (2) -
Port side thrust of (1)) x 1/4 = 0.5

Starboard propulsor thrust = (Starboard side thrust of
(1) - Starboard side thrust of 0) x 1/2 + (Starboard side
thrust of (2) - Starboard side thrust of (1)) x 1/4 = 0.5
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Port deflector angle = (Port side angle of (1) - Port
side angle of 0) x 1/2 + (Port side angle of (2) - Port
side angle of (1)) x 1/4 =-0.25

Starboard deflector angle = (Starboard side angle of
(1) - Starboard side angle of 0) x 1/2 + (Starboard side
angle of (2) - Starboard side angle of (1)) x 1/4 = -0.25

Nine cases of maneuvering a vessel shown in Figure 7 are realized with the configuration described above. Values
in the upper row are command values of thrust, with the value on the left being a command value for the port propulsor
and the value on the right being a command value for the starboard propulsor. Values in the lower row are command
values of deflector angle. As described previously, the values are expediently set and, in this example, a value 1 means
the command value to be given to obtain the maximum thrust or the maximum deflector angle. Therefore, when a com-
mand value less than 1 is given, it means that a command value for thrust or deflector angle less than the maximum
thrust or the maximum deflector angle is issued from the control device of the maneuver control device 3 to the main
propulsors 5, 6.

In the drawing, the substantially triangular shape schematically represents the water-jet propelled vessel, black
arrow represents the direction (direction of thrust is opposite to this) and intensity of jet stream and white arrow repre-
sents the movement of the vessel. The control device at the right above corner indicates the position of the joystick.

(0) for neutral

Among the diagrams showing nine cases of maneuver of Figure 7, the diagram at the center shows the state of
neutral because the joystick is positioned at the origin 0, while the water-jet propulsor at this time is in a state shown in
Figure 2(a). Numbers in () in Figure 7 correspond to the positions where the joystick is placed in Figure 6. The same
applies to the description that follows.

(1) for forward

When the joystick is placed in position (1) of Figure 6, both the port and starboard propulsors are in the state shown
in Figure 3(a), with the jet stream spouted backward thereby to obtain forward thrust. In this case, because the com-
mand value is 1, maximum forward thrust is generated, and the vessel moves in the direction of the white arrow.

(2) for forward while turning to the starboard

When the joystick is placed in position (2) of Figure 6 (top right corner), thrust command value of 1 and deflector
angle command value of -l are given to both port and starboard propulsors and therefore the port and starboard propul-
sors produce maximum forward thrust with the deflectors thereof swinging rightward to the maximum deflector angle,
thereby to spout the jet obliquely backward and to turn the vessel to the starboard while moving forward.

(8) for transverse movement to the starboard

When the joystick is placed in position (3) of Figure 6 (right of origin), thrust command value of 1 and deflector angle
command value of 1 are given to the port propulsor while thrust command value of -1 and deflector angle command
value of -1 are given to the starboard propulsor. Therefore, the deflector of the port propulsor swings leftward to the
maximum deflector angle, and the deflector of the starboard propulsor swings rightward to the maximum deflector
angle, thereby to spout the jet obliquely forward to the left. At this time, the vessel moves transversely starboard, but the
vessel slowly turns to the port because direction keeping function is not made.

(4) for reverse (backward) movement while turning to the starboard

When the joystick is placed in position (4) of Figure 6 (right bottom corner), thrust command value of -1 and deflec-
tor angle command value of -l are given to both the port and starboard propulsors. Therefore the deflectors of both the
port and the starboard propulsors swing rightward to the maximum deflector angle, thereby to spout the jet obliquely
upward to the left to turn the vessel to the starboard while moving backward.
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(5) for reverse (backward)

When the joystick is placed in position (5) of Figure 6, thrust command value of -1 and deflector angle command
value of 0 are given to both the port and the starboard propulsors and therefore the jet stream is spouted forward (refer
to Figure 4) and maximum reverse thrust is generated so that the vessel moves straight backward.

(6) for reverse while turning to the port

When the joystick is placed in position (6) of Figure 6, thrust command value of -1 and deflector angle command
value of 1 are given to both the port and the starboard propulsors. Therefore, the deflectors swing to the left and the jet
stream is spouted forward obliquely to the right so that the vessel moves backward while turning to the port.

(7) for transverse movement to the port

When the joystick is placed in position (7) of Figure 6, thrust command value of -| and deflector angle command
value of 1 are given to the port propulsor while thrust command value of 1 and deflector angle command value of - | are
given to the starboard propulsor. Therefore, the deflector of the port propulsor swings leftward to spout the jet stream
obliquely forward to the right and the deflector of the starboard propulsor swings rightward to spout the jet obliquely
backward to the right. Therefore, the vessel moves transversely to the port, but the vessel slowly turns to the starboard
because direction keeping function is not made.

(8) for forward while turning to the port

When the joystick is placed in position (8) of Figure 6, thrust command value of 1 and deflector angle command
value of 1 are given to both the port and the starboard propulsors. Therefore, the deflectors swing to the left and the jet
stream is spouted backward obliquely to the left so that the vessel moves forward while turning to the port.

When the joystick is placed in the point A (intermediate position) of Figure 6, thrust command value for the port pro-
pulsor is 0.5, thrust command value for the starboard propulsor is 0.5, deflector angle of the port propulsor is -0.25 and
deflector angle-of the starboard propulsor is -0.25. Therefore, the vessel moves similarly to the state of (2), forward
while turning to the starboard, but more slowly (with larger turning radius).

Second embodiment

In the second embodiment of the invention, 4-propeller water-jet propulsors are controlled by means of one joystick
and one heading control dial. That is, as shown in Figure 8(a), a remote control device (including a controller) 3 is
installed having a joystick of, all-direction capability similar to that described above and a heading control dial 2, to make
it easier for one person to control maneuver operations in harbor. Each of the four water-jet propulsors 5 through 8
installed at the stern end is provided with an engine 4 connected thereto to drive the water-jet propulsor, thereby form-
ing a 4-engine, 4-propeller water-jet propulsion apparatus. The propulsor installed inside at the port (near to the center
of vessel) is called the port main propulsor (inner unit) 5, the propulsor installed outside at the port is called the port
auxiliary propulsor (outer unit) 7, while propulsors disposed symmetrically with these propulsors to form pairs are called
starboard main propulsor (inner unit) 6 and starboard auxiliary propulsor (outer unit) 8, respectively.

As shown in Figure 8(b), two (the pair of inner propulsors 5, 6 in this example) out of the four water-jet propulsors
are configured to be main propulsors having reverser mechanisms R for the control of forward/reverse movement and
deflector mechanisms D for the control of steering, and the other two propulsors (outer propulsors 7, 8) have reverser
mechanisms R only (fixed to be unable to swing horizontally). The inner propulsors 5, 6 and the outer propulsors 7, 8
need not necessarily be set to have identical capability, although two propulsors making a pair are preferably set to have
identical capability in order to avoid complication of control.

The joystick 1 is used to control the revolution speeds of the engines 4 of the port and starboard main propulsors
5, 6 and the reverser mechanisms R or the deflector mechanisms D thereof, while the control command values are
determined similarly to the case of the first embodiment. Installed near the joystick 1 is the heading control dial 2, with
the heading control dial 2 being used to control the revolution speeds of the engines 4 of the port and starboard auxiliary
propulsors 7, 8 and the reverser mechanisms R. The joystick 1 has nothing to do with the control of the auxiliary pro-
pulsors 7, 8. To sum up, a position of zero rotation angle of the heading control dial 2 is set as neutral origin of zero
thrust and unit amounts of maximum thrusts of the auxiliary propulsors 7, 8 are set at laterally symmetrical positions of
certain rotation angle (usually 90 deg.) (refer to Figure 10), so that the forward/reverse thrusts of the auxiliary propul-
sors 7, 8 can be controlled by operating the heading control dial 2 via the reverser mechanisms of the auxiliary propul-
sors 7, 8 independently from the main propulsors 7, 8.

When compared to the first embodiment, this embodiment is different in that the pair of auxiliary propulsors are
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added and the heading control dial is installed for the control of the auxiliary propulsors, so that control of the auxiliary
propulsors independently from the main propulsors generates only a turning moment.

Figure 8 shows 4-engine, 4-propeller configuration, while the invention may also be applied to 6-engine, 6-propeller
configuration as shown in Figure 9 and 8-engine, 8-propeller configuration not shown in the drawing. In case it is nec-
essary to enhance the capability of the main propulsors, two or more pairs of main propulsors 5, 6 may be installed.

Figure 10 shows a part of cases of maneuver control in the above configuration. Only cases of maneuver control
not shown in Figure 7 are shown. By installing the auxiliary propulsors 7, 8, functions similar to that obtained by install-
ing a bow thruster at the bow can be obtained. When the heading control dial is placed at a position (a), thrust is not
generated, while rotating the heading control dial by 90 deg. to position (c) causes a command value of - to be given
to the port auxiliary propulsor 7 and command value of +1 to be given to the starboard auxiliary propulsor 8. Signs of
these values are inverted when the heading control dial is operated in the opposite direction. When the heading control
dial is placed at an intermediate position (45 deg. rotation) between (a) and (c), the command value becomes 0.5. That
is, the command value changes linearly according to the rotation angle of the heading control dial.

As shown in Figure 10, in case the joystick is held at the neutral position and the heading control dial is placed at
position (c), directions of the jet streams from the port and starboard auxiliary propulsors are reversed (reverse thrust
for the port and forward thrust for the starboard), so that the vessel turns to the port at the place. When the heading
control dial is placed at position (d) which is symmetrical with (c), the vessel turns to the starboard.

On the other hand, when the joystick 1 is turned to the righthand side and the heading control dial is placed at point
(b) direction keeping function is added to the case of maneuver control (7) of Figure 7, so that the vessel moves trans-
versely right to the port. Similarly, when the joystick and the heading control dial are placed at positions symmetrical to
the above, direction keeping function is added to the case of maneuver control (3) of Figure 7, so that the vessel moves
transversely right to the starboard. Thus a function similar to that obtained by installing a bow thruster at the bow can
be obtained by installing the auxiliary propulsors 7, 8.

Third embodiment

In this embodiment, although 4-engine, 4-propeller configuration is employed similarly to the second embodiment
as shown in Figure 11, the heading control dial is not provided and the main propulsors 5, 6 and the auxiliary propulsors
7, 8 at the port and the starboard are controlled by means of one joystick only.

The joystick 1 is made free to move in a square control plane, while the center of the control plane is set as neutral
origin of zero thrust, unit amounts of thrust of the main propulsors 5, 6 are set at the top and bottom ends of a line seg-
ment passing the origin, right and left ends and four corners, eight set points in all, and further the origin and top and
bottom ends are set as neutral points of zero deflector angle and unit amounts of deflector angle are set at the right and
left ends and the four corners. Also the origin and top and bottom ends are set as neutral points of zero thrust of the
auxiliary propulsors 7, 8, and unit amounts of thrusts of the auxiliary propulsors 7, 8 are set at the right and left ends
and the four corners, six points in all. Command value of thrust and command value of deflector angle for intermediate
points in the control plane of the joystick 1 are determined through interpolation of three points including the origin and
set points in the vicinity thereof, thereby to control the forward/reverse thrusts and deflector angles of the port and star-
board main propulsors 5, 6 and the forward/reverse thrust of the port and starboard auxiliary propulsors 7, 8 by means
of one joystick according to the command values.

Figure 12 shows examples of control command values which are set. When the joystick is placed at control point
(1) or (2), for example, unit amounts of thrusts given to the main propulsors, namely the command values of thrusts, are
maximum values of 1 or -1, while thrusts of the auxiliary propulsors are zero and deflector angles are zero. At the control
point of (2), command value of thrust is 0.5 and deflector angle is -l for the main propulsors, while thrust on the port side
is -0.75 and thrust on the starboard is 0.75 and deflector angles on both sides are zero for the auxiliary propulsors. Val-
ues of 0.5 and 0.75 are not absolute values but related to intrinsic properties of the vessel (center of gravity, maneuva-
bility, etc. determined by vessel type, vessel model, width, length and other elements). Because the command values
of Figure 12 are determined through a simulation under general conditions, and therefore the value 0.75, for example,
may be changed to 1 by the captain onboard in case the vessel movement does not conform to the requirements. In
this case, only little changes in the vessel movement is caused (for example, the radius of turning of the vessel
changes).

In the control device having the control functions described above, the cases of maneuver control operations (1)
through (8) of Figure 12 are realized by operating one joystick 1. Black arrows at the stern in these drawings indicate
the direction of jet (direction of thrust is opposite thereto) and the intensity thereof, and white arrows attached to the ves-
sel body indicate the vessel movement similarly to the above. That is, while the cases of maneuver of Figure 7
described previously can be achieved, it is made possible to move the vessel transversely to the port or starboard with-
out turning because direction keeping function is provided at the control points (3) and (7) by installing at least a pair of
port and starboard auxiliary propulsors 7, 8. Other operations are similar to those of Figure 7, and description thereof
will be omitted.



10

15

20

25

30

35

40

45

50

55

EP 0 778 196 A1

Fourth embodiment

In this embodiment, although not shown in the drawing, similarly to the third embodiment, the heading control dial
of the second embodiment (Figure 8) is added to the auxiliary propulsors in the 4-engine, 4-propeller water-jet propul-
sion apparatus of Figure 11. That is, the heading control dial is installed near the joystick for the pair of port and star-
board auxiliary propulsors, while a position of zero rotation angle of the heading control dial is set as neutral origin, and
unit amounts of maximum thrusts of the port and starboard auxiliary propulsors are set at laterally symmetrical posi-
tions of certain rotation angle (usually 90 deg.). And the forward/reverse thrust is controlled via a reverser mechanism
of each auxiliary propulsor by superposing the control command value of the heading control dial and control command
value of the joystick. In case the value obtained by superposing both commands exceeds the maximum thrust, the com-
mand value is fixed to the maximum thrust.

Effect of the Invention

According to the invention of claims 1 through 4, because all maneuver operations in harbor involving the greatest
number of ship maneuvering effectors can be carried out by operating only the joystick or the joystick and the heading
control dial to control a plurality of water-jet propulsors, a control device of water-jet propulsion apparatus most suitable
for one-man control can be realized.

Also because the invention can be embodied in such a configuration that the operation direction of the joystick or
the heading control dial agrees with the actual movement of the vessel, the control operation agrees with the vessel
operator's feeling, making it very easy to operate the vessel. As a result, quick and accurate maneuver control of vessel
is made possible, thereby greatly reducing the time required to approach or leave a pier.

Because a plurality of water-jet propulsors are provided, maneuvering force can be easily increased and a water-
jet propulsion apparatus suited to maneuvering large-sized vessels can be obtained.

According to the invention of claims 2 through 4, in particular, because turning moment generated by a pair of aux-
iliary propulsors can be utilized, it is made possible to carry out maneuver operations similar to those in the case of
installing a bow thruster, namely moving the vessel transversely or turning the vessel around a stationary point near the
stern.

According to the invention of claim 3, in particular, the vessel can be moved transversely and quickly turned with a
small radius by operating a single joystick only.

Claims

1. A control device of a water-jet propulsor for a watercraft which is used in a water-jet propelled watercraft comprising
at least a pair of main propulsors each having a reverser mechanism to control the forward/reverse thrust and a
deflector mechanism to control the deflector angle, disposed on the port and starboard sides at the stern, wherein
a single joystick is installed which is freely movable within a certain control plane with the center of the control plane
being designated as a neutral origin and a plurality of set points being established at operation limit positions in the
control plane of the joystick, while a unit amount of a maximum thrust and a maximum deflector angle of each of
the main propulsors installed at the port and starboard sides are set for the plurality of set points, and a command
value of thrust and a command value of deflector angle are determined by interpolation between three points,
namely the origin and two points in a vicinity thereof, for any intermediate set point in the control plane of the joy-
stick, so that the forward/reverse thrust and the deflector angle of the port and starboard main propulsors are con-
trolled by means of the single joystick according to the command values.

2. A control device according to claim 1, wherein at least a pair of auxiliary propulsors, each having a reverser mech-
anism, are disposed on the port and starboard sides are further added to the configuration of claim 1 thereby to
constitute water-jet propelled watercraft of four or more propellers, while a heading control dial for the pair of auxil-
iary propulsors is installed near the joystick with a position of zero rotation angle of the heading control dial being
set as a neutral origin and unit amount of maximum thrust of each of the auxiliary propulsors being set at laterally
symmetrical positions of specified rotation angles, so that forward/reverse thrust of each auxiliary propulsor is con-
trolled independently from the main propulsors by operating the heading control dial.

3. A control device of a water-jet propulsor for a watercraft which, in a water-jet propelled watercraft of four or more
propellers comprising at least a pair of port and starboard main propulsors, each having a reverser mechanism to
control the forward/reverse thrust and a deflector mechanism to control the deflector angle, and at least a pair of
port and starboard auxiliary propulsors each having a reverser mechanism, both pairs being disposed at the stern,
wherein a single joystick is installed which is freely movable within a certain control plane with the center of the con-
trol plane being designated as a neutral origin and a plurality of set points being established at operation limit posi-
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tions in the control plane of the joystick, while unit amount of maximum thrust of each of the main propulsors and
the auxiliary propulsors installed at the port and starboard and unit amount of maximum deflector angle of each of
the main propulsors are set for the plurality of set points, and command value of thrust and command value of
deflector angle for any intermediate set point in the control plane of the joystick are determined by interpolation
between three points, the origin and two points in a vicinity thereof, so that the forward/reverse thrusts and the
deflector angles of the port and starboard main propulsors and the forward/reverse thrusts of the port and starboard
auxiliary propulsors are controlled by means of the single joystick according to the command values.

The control device according to claim 3, wherein a heading control dial for each auxiliary propulsor is installed near
the joystick with a position of zero rotation angle of the heading control dial being set as a neutral origin and unit
amount of maximum thrust of each of the port and starboard auxiliary propulsors being set at laterally symmetrical
positions of specified rotation angles, so that forward/reverse thrust of each auxiliary propulsor is controlled by
superposing a control command value of the heading control dial and a control command value of the joystick.
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Fig. 7
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Fig. 8
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Fig. 11
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Fig. 12
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