
WO 2004/089740 PCT/F12004/000225  METHOD AND APPARATUS
TO CONTROL A SHIP The invention relates to a method
and an apparatus to control a ship, whereby the ship
is  propelled and/or steered at least by two
propulsion means. More precisely the invention
relates to a method according to the preamble part of
the claim 1 and to an apparatus ac- 5 cording to the
preamble part of the claim 10. The propulsion system
for large water vessels often consists of several
propeller appara- tus, whose operation, control and
structure varies from each other case by case. As an
ex- ample one can mention a system which is composed
of main propellers and of separate  steering
propellers or a system which is composed of two fixed
main propellers and of 10 separate steering device.
Further there can be propellers with fixed blades and
propellers  with adjustable blades in the propeller
system. One profitable method of implementation
consists of propellers which have been arranged one
after the other on the same axis and  which rotate in
contradictory directions, so called CRP-propulsion
apparatus  (CRP=contra rotating propeller). 15 In ship
drives, where the steering and/or the propulsion
action is caused by two different  propulsion devices,
the steering commands must be given in a manner that
corresponds  the characteristics of the propulsion
device. Roughly grouped e.g. the control command
defining the direction of the ship and the control
command defining the speed of the ship  must be given
separately. The ship operator may give the steering
command by one con 20 trol device, like by a control
stick, but the actual controlling signal of the
propulsion de- vices is separate to different type of
devices. Correspondingly, the control of the blade
angles with the controllable pitch propeller may be
separate from the control of the pro- peller's
rotating speed or the mutual control of the
CRP-system's propellers is separate.  The purpose of
the ship's propulsion system is as efficiently as
possible to carry out the 25 control commands of the
ship's operator under all circumstances. The mutual
control of  the adjustable drives must thus carry out
the control commands in such a way that all  parts of
the system operate optimally. The total efficiency
must also be as high as possible  



in all operation situations. E.g. the steering command
given by a control stick in a azi- muth type system
when running a specific speed can cause to a control
action, which has 30 a right direction, but the
propulsion power is no more optimal because of the
changed po- sition of the steering propeller and the
fixed propeller. Correspondingly mere adjustment
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of the blade angle may cause reduction of overall
efficiency, if the propellers speed is not
simultaneously as required by the CRP-function.
Generally speaking in a system that consists of two or
more propulsion devices one con- trol action focusing
to one propulsion device also affects to the operation
of the other pro- 5 pulsion devices and thereby to the
operation and to the efficiency of the whole system.
The drive and energy system of the ship is closed
where the available energy and power  are variously
limited both under normal drive situation and
especially under exceptional  circumstances. The
limitations may be caused both by the energy or power
production  and by the adjustability characteristics
of the apparatus. The control may affect except the 10
efficiency of the propulsion system but also the
reliability of the propulsion system. The  forces
applied to the propeller vary significantly, when e.g.
the deflection angle of the  steering propeller of the
CRP-system realized with the azimuth mechanism.
Previously e.g. the US Patent US 5061212 has disclosed
an adjusting device of the pro- peller's blade angle,
by which the blade angle is adjusted depending on the
speed. Con- 15 trolling of the mutual angle difference
between two propellers that are arranged on differ ent
shafts in such a way that the noise level remains low
is disclosed in the US Patent US  6190217. The purpose
of this invention is to create a new propulsion
system, by which the control  of the drive mechanism
in a ship having several propulsion apparatus will be
carried out  20 as efficiently as possible. This
problem will be solved by the method, which is
character ized by the features of the characterizing
part of the claim 1. Correspondingly, the inven- 



tion according to the invention is characterized by
the features of characterizing part of  the claim 10.
The solution according to the invention results a very
favorable overall efficiency of the  25 ship's
propulsion apparatus. The control command from the
vessel's bridge, or from an- other steering place like
machine room, is conducted to the main controller,
which proc- esses and delivers the control command as
control signals, which deal with the various
propulsion devices. Thereby the main controller
notices the operational situation of the  propulsion
devices, the selected drive mode of the vessel, the
limitations of the propul 30 sions devices, the status
of the energy and power supply systems. Likewise the
optimal WO 2004/089740 PCT/F12004/000225  3 operating
point of the propulsion devices when generating the
control signals is defined  based to their
characteristics or to their corresponding operating
values. The first and the  second propeller drive are
essentially separated from each other, whereby they
are not  coupled onto the same shaft. The shafts of
the propellers have neither coaxial structure,  5 but
they are arranged physically apart from each other. In
the CRP arrangement the counter rotating propellers,
which are one after the other in  the longitudinal
direction of the ship, are generally arranged
essentially on the same hori- zontal level. It is
essential for the propulsion arrangement that
propellers cause a propul- sion effect that is as
advantageous as possible. Accordingly the invention is
applicable to  10 such propulsion systems, where the
propellers have a mutual propulsion effect. According
to one profitable modification the vessel's propulsion
system consists of a  fixed propulsion means and a
turnable, so-called azimuth propulsion means. The main
control thus generates a control signal to the fixed
propulsion means, e.g. directly to  power engine,
which rotates the shaft, on which the propulsion means
is fixed. Simulta 15 neously, the main control
generates another control signal, by which the power
and rotat- ing speed of the azimuth propulsion means
is controlled. How each control signal effects  to the
propulsion means that it controls is determined by the
internal attributes and the  



adjusting means of that propulsion means. These
functions are carried out by the manners  known in the
art to generate the desired speed for the ship. In
accordance with the inven 20 tion the control signals
are adjusted so that the combined effective power of
the propul- sion devices is optimized. According to
one further profitable embodiment the emergency stop
is carried out by the  invention. Thereby the blade
angle of the first propeller and the operating speed
of the  second propeller are adjusted simultaneously
so that they concurrently have zero value  25 and that
they both are adjusted towards negative values causing
the stop of the ship. The invention will be described
in detail by its one embodiment referring to the
drawings,  wherein - Fig. 1 describes a propulsion
arrangement of a ship controlled in accordance with
the  invention, WO 2004/089740 PCT/F12004/000225  4 -
Fig. 2 describes a schematic diagram of a control
system according to the invention  and - Fig. 3
describes the characteristics of the propulsion
arrangement. The propulsion system of a vessel
described in the Figure 1 consists of a main propeller
2  5 and a steering propeller 4, which are fit on the
same longitudinal line of the ship 6. The  propellers
are arranged in the normal mode to rotate in contrary
directions, whereby they  compose a so-called CRP
propulsion system. The shaft 8 of the main propeller
is sup- ported by the bearings 9 to the hull 6 and the
main engine 10 of the ship, like diesel en- gine
supplies drive power to the shaft. Two diesel engines
are shown in the figure and the 10 propeller shaft 8
is coupled to the engine via a gear 11 and/or via a
coupling. In case that  only one main engine is used
the main engine may be directly coupled to the
propeller  shaft. If the main propeller 2 has
adjustable blades, they are controllable in the way
known as such. The main propeller may also have fixed
blades. The steering propeller 4 is  arranged to a
turning, so called azimuth apparatus 12, whereby the
allowed turning angle 



15 of the apparatus may vary from 35 degrees as far as
360 degrees. The electric network  of the ship, which
is energized by generators 18 rotated by the main
engine 10 or other  power engines 16, supplies an
electric motor 14 rotating the steering propeller. The
steering propeller 4 and the main propeller 2 are
controlled by their own control devices,  by the
azimuth control device 20 and by thruster control
device 22, respectively. In ac 20 cordance with the
invention the azimuth control 20 and the thruster
control 22 receive  their control signals from a CRP
control. The invention may be applied except to the
ap- paratus comprising the turning steering propeller
also to a propeller system with a fixed  pod, in which
case the steering is carried out by a separate rudder.
The propulsion system of the figure 1 is controlled by
a control scheme of the Figure 2. It  25 is to be
understand that the scheme only shows the essential
parts that effect to the solu- tion of the invention
and the other parts of the control system, especially
the parts effect- ing solely to different propulsion
devices or to their internal control operations are
shown  suggestively. The control commands are given on
the bridge 26, which control commands  determine the
speed and direction of the vessel. Depending on the
command location the 30 commands are given from the
middle 28 of the bridge or from the command device of
port 27 or starboard 29. The effective command device
is selected by a selecting device in WO 2004/089740
PCT/F12004/000225  5 a known manner. If required the
control commands can also be given by the control de-
vice 32 locating in the machine room. The control
commands are transferred to the CRP  control unit 34,
which defines based to the operation stage the control
signals to be for- warded to different propulsion
units, to the azimuth unit and to main propeller. In
addition 5 to the control command the control signals
are affected among other things by the power
available on board, the combined propulsion power of
the propulsion units, the operation  mode of the
vessel. From the CRP control 34 a control signal is
sent to the control Unit 36  of the azimuth
propulsion, which defines the rotation speed of the
motor 14 driving the  propulsion unit and the rotation
speed of the propeller 4 fixed on its shaft. Another
control 



10 signal from the CRP control is sent to the control
unit 38 of the main propeller, which  based on the
control signal defines rotation speed of the propeller
2 and the blade angle of  the propeller so that the
required propulsion power is generated. This is
performed by the  technique known from the control of
the diesel drive and from the control of the control-
lable pitch propeller. Depending on the implementation
either a separate control signal 40 15 is forwarded to
the blade angle control 42 and a separate control
signal 44 to the speed  control 46 of the main
propeller like the Figure 2 shows or a common control
signal of the  main propeller is forwarded to the
thruster control, which controls the pitch and the
speed  of the main propeller. The CRP control defines
according to the invention separate control signals
both to the  20 azimuth propulsion unit and to the
main propeller as response to the control command.
Accordingly in order to perform the control commands
it is formed separately the control  values for the
azimuth unit to generate the required power and
rotation speed, and corre- spondingly, the control
values to control the rotation speed and blade angle
of the main  propeller. In the target of application,
where the main propeller has fixed blades, the CRP 25
control defines both to the main propeller and to the
steering propeller the speed refer- ences, by which an
optimal overall efficiency of the vessel is achieved.
In the Figure 3  there are described power curves of
the propulsion motors, which are utilized when de-
fining the control signal to the propeller drives. As
adjustable variances there are the  speeds of the
motors and the pitch of the propeller, by which the
best overall efficiency of  30 the drive is determined
in each situation During normal driving mode the
controls for different propulsion systems are ramped
so  that the mutual power ratio of the propulsion
systems remain in the desired limits. WO 2004/089740
PCT/F12004/000225  6 In the combined propulsion
control mode the azimuth propulsion and the main
engine  propulsion are driven by a determined mutual
power/speed ratio. If the azimuth motor or  the main
engine is not capable to keep its reference value, the
reference value of the other  



system is restricted in order to maintain the desired
power/speed ratio. In the fault situa 5 tion of the
system the power/speed is kept, however, to the point
where the full power of  the failing system is
achieved. Both propulsion systems may have a back-up
mode, which bypasses the CRP control.  This is
illustrated by the control inputs 36', 42' and 46' in
the Figure 2. The use of this  mode may be selected
independently to each system or to both systems
simultaneously. 10 The invention has been described by
its certain embodiments. This should not be regarded
limiting, but the modifications of the invention may
vary within the scope of the attached  claims. WO
2004/089740 PCT/F12004/000225  7  CLAIMS 1. Method for
controlling a propulsion drive, which drive comprises
at least one first  propeller drive, which rotates a
first propeller, and by which the propulsion power and
/or  rotating speed of the first propeller is
adjusted, and at least one second propeller drive, by
5 which a second propeller is rotated and adjusted,
whereby the first and the second pro- peller drive are
essentially separated from each other, characterized
in that in the method  the propulsion drive is
controlled by a single control command, whereby a
first control  signal for controlling the first
propeller drive, and a second control signal for
controlling  the second propeller drive, are generated
from the control command. 10 2. Method according the
claim 1, characterized in that the first and the
second control  signal are generated to result an
optimal combined propulsion and/or steering power. 3.
Method according the claim 1, characterized in that
the propellers driven by the first  and the second
propeller drives are arranged on the essentially same
horizontal level, and  that the propellers are rotated
in the opposite directions. 15 4. Method according the
claim 1, characterized in that the first propeller
drive is an  electrical motor drive that has been
arranged into an azimuth pod. 5. Method according the
claim 1, characterized in that the second propeller
drive is a  



power engine that has been arranged on a fixed shaft.
6. Method according the claim 1, characterized in that
the propeller blades of the sec- 20 and propeller
drive are controlled. 7. Method according the claim 1,
characterized in that the propellers of the both pro-
peller drives have fixed blades. 8. Method according
the claim 1, characterized in that the rotating speed
of the second  propeller drive is controlled. 25 9.
Method according the claim 1, characterized in that
the rotating speed of the first  propeller drive is
controlled. WO 2004/089740 PCT/F12004/000225  8 10.
Method according the claim 1, characterized in that
the power of the first and/or the  second propeller
drive is controlled. 11. Method according the claim 1,
characterized in that in the emergency situation the
blade angle of the first propeller and the operating
speed of the second propeller are ad- 5 justed
simultaneously so that they concurrently have zero
value and that both the blade angle and the operation
speed of the propeller are further adjusted towards
the opposite  direction until causing the stop of the
ship. 12. Apparatus for controlling a propulsion
drive, which comprises at least one first pro- peller
drive, which rotates a first propeller, and by which
the propulsion power and/or the  10 rotating speed is
controllable, and at least one second propeller drive,
by which a second propeller is rotatable and
controllable, whereby the first and the second
propeller drive are  essentially separated from each
other, characterized in that the apparatus comprises a
control device to control the propulsion drive by a
single control command, whereby  based on the control
command the control device generates a first control
signal, by 15 which the first propeller drive is
controllable, and a second control signal, by which
the  second propulsion drive is controllable. 


