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(57) Abstract: A marine propulsion control system for con-
trolling a set of propulsion units carried by a hull of a vessel,
said marine propulsion control system including an input com-
mand regulator for generating a desired delivered thrust by the
propulsion units in the set of propulsion units, a set of control
units, wherein each control unit is associated with a separate
propulsion unit in said set of propulsion units, wherein each
control units is arranged to control the delivered thrust of the
associated propulsion unit depending on input control signals
received by the control unit and vessel including such a propul-
sion control unit.



WO 2007/105995 A1 |0 DA 000 0T 00000 0000

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25 -

WO 2007/105995 PCT/SE2006/000337

TITLE

A marine. propulsion control system and a vessel containing such a marine
propuilsion control system

TECHNICAL FIELD

The .invention relates to a marine propulsion: control system according to the
preamble of claim 1. The invention more specifically relates to a marine
propulsioncontrol system adapted to control a set of prepulsion units each |
provided:wit‘ha control unit’ for 'eentr‘ol of the delive'red thrust by the
prOpuIsron unit and selection of gear in the case a gear unit is associated
with the propu\sron unit. An mput command regulator rs provided in the

'marme propulsron control system to generate inputs from a driver of the

vessel. The rnventlon particularly relates fo a propulsion control system

adapted to control three or more propulsron unrts with a reduced number of
control levers

BACKGROUND ART

‘Sever'al propulsion  control systems ‘adapted to control a plurality of

propulsron unlts wrth a reduced number of ‘control levers, that is input’ srgnals f
from one control Iever should be sufficient to:contro! the dehvered thrust in

" the case the control lever is a throttle lever or'to control engagement of gears

in the case the control lever is a gear selector of two or more propulsion

units. Exam'ples’ of such propulsiongcontr'ol systems are presented in-
US6872106 and US6751533.

<-U86872106 relates to a propulsion- ‘control “system having a..plurality of.
‘propulsron units each being controlled by an associated control unit. The-

asso,crated; control unit receives input command signals from control levers
via a remote control central processing unit, which central processing unit is
configured fo receive lever position data from.sensors and correlate the lever
position data with motor position data in_ order to directly control more than 3
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one motor from a single lever. All the motors controlled by the same input
lever will be controlled in identical manner unless some error prevents correct
control of the motors.

US6751533 relates to a propulsion control system for a vessel, which in a
single embodiment described in relation to figure 4 controls a plurality of
motors by a single control head. Each throttle lever is connected to a control
unit broviding control over two motors. All the motors controlled by the same
input lever will be controlled in identical manner unless some error prevents .
correct control of the motors. The control system according to US6751533.
furthermprié provides for a synchrorjisation mode when a master'contr‘ol unit
commands a élave control unit to adépt its associated motor or motors fo the
same percentage 4of throttle as the motor or motors associated with the
master unit. The architecture of the control system is such that there is no
difference in configuration between the master control unit and the slave
control unit. Each control unit may aSSLimé the role of the slave or master
depe'ndihg“ on the“controhl of the driver"‘Entry into syncHrdnisation mode is
made by settlng the control levers of both control units into. apprommately the
same posmon where after one of the control units assumes the role of the

master control unit and the other assumes the role of the slave unit. In this

mode the control lever of the throttle associated with the master control unit

- controls the throttle of the motor associated with slave control unit such that

both’ motors assumes the same thrott|e lever. The synchronisation mode -
does not obviate the need for a control IAever for the slave unit since this is a
particular mode when the fnotor‘s should have the same throttle lever. Thus
independently of the whether the synchronisation node is assumed or not, all
the motors controlled by the same input Ievér will be controlled in identical

manner unless some error prevents correct control of the motors.
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3

The object of the invention is to provide a marine propﬁlsion control system
which enables an adapted control of a plurality of propulsion units controlled
by a single input lever such that two propulsion units controlied by the same
lever may assume different levels of thrust depending on the driving situation
of the vessel.

- This object is achieved by a marine propulsion control system according to

clairh 1. The invention contemplates to ‘arranged least one control unit in a
set of control units prdvided in the control system to act as a slave control
unit in all driving conditions and to receive its input control signals from one
or several mastei' control units in said set of control units to adapt the
delivered thrljst of the propulsion unit associated with the slave control unit to
the driving condition of the propulsion unit or units associated with the master

control unit or units and in that said master control unit or units in all driving

~ conditions receives its input control signals directly from the input command

regullator.'According to the invention, ‘the slave control unit is always
assigned' as a slave control unit and is therefore not connécted directly to an
input command regulator arranged for generating a desired delivered thrust
by the pfopulsion units in the set of propulsion units. The slave control unit
therefore receivesf control information from the master control unit in all
driving .con'ditions‘and adapts the deliveréd thrust of the prbpulsion Uriit
associated ‘.with the slave control unit to the input signal from the master
control unit. The ad‘aptation may be different under different driving

~ conditions as will be explained in further detail below. For this reason, the

slave control unit may include a thrust control generator which generates a
set value for its associated propulsion unit-in dependence of the input signal

from the master control unit. The thrust control generator may be in the form

- of a map -or- look up table which translates input signa‘lt into a requested

deli\/eredjthrust level for the associated propulsion unit.

In an embpdimeht of the inVentiQn the input command regulator furthermore

includes a gear selector for selecting forward, reverse or neutral position of
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gear units associated with the propulsion units, wherein each control units is
furthermore arranged to control the gear selection of the associated gear unit
depending on input control signals received by the control unit, wherein the
slave control unit or units are, in all driving conditions arranged to adapt the
gear selection of the gear unit associated with the slave control unit to the
driving condition of the propulsion unit or units associated with the master
control unit or units and in that said master control unit or units in all driving
conditions receives its input control signals directly from the input command
fegulator. By the adaptation of the gear selection of the slave control unit, it is
for example pOSsibIe to avoid the vessel to involuntarily increase the drift of
the vessel toward one side in the event one propulsion unit does not operate
properly. Furthermore docking and slbw control of the vessel may be more
easi]y achieved since engager”nént' of forward and rear gears may be

. programme”dito be delayed for propulsion units associated with either the

slave or master unit depending on the situation or design of the vessel.

The system is particularly advantageoué when the input command regulator
inclqdés a single starboard input command regulator and a single port input
command regulator and said set of control units includes two master control
units including a single starboard master control unit and a single port master
control unit-and at' least one slave control unit. Preferably the slave control
unit is associated with a propulsion unitApositioned on the centre line of the
hull and that said slave control unit recAehives‘input control signals from both
master control units.

The slave cbntrol unit may be arrahged to engage the associated geér unit in .
neutral position unless both master control units has received input command
signals requesting to serve their respective gear units.to eAngage either both
in reverse or both forward gear, in wh.icht case the slave control unit is

’arrahgedt_.o éngage the associated gear unit in the same gear as both gear

units associated with the master units.
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in the event both master control units has received input command signals
requesting to serve their respective gear units to engage either both in
reverse or both forward gear, the slave control unit may be arranged to
engage the associated gear unit in the selected gear at a first lower level of
delivered thrust and the master confrol units are arranged to engage their

associated gear units in the selected gear at a second higher level of
delivered thrust.

In this event the first lower level preferably‘corresponds to zero thrust and
that said second higher level is lower or equal to the number of propuision
units controlled by the slave unit divided by the total number of propulsion

units in said set, where the higher level preferably corresponds to less than
10% thrust.

In a further preferred embodiment each slave control unit may be adapted to

“control the delivered thrust from its associated propulsion unit to an average

. value of a first and second level of thrust indicated by the-starboard and port,

master control units respectively.

In another embodiment each master control unit is preferably associated at
least one slave control unit receiving input control signals solely from the
master control unit being associated with propulsion units arranged on the

same side of the centre line as the propulsion unit associated with the master
control unit.

The slave control Units‘may be arranged such that to each master control unit

. is associated -a slave control unit that receives input control signals from one. .

master c'c')lntrol unit only. In this syStém it is preferred that the level of thrust

associated with the slave unit is set to be equal to the level of thrust
associated with the master unit.

The invention also relates to a vessel including a propulsion control system
as has been described above, which vessel includes three or more .

propulsion units.
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BRIEF DESCRIPTION OF DRAWINGS

An exemplifying embodiment of the invention will be described in greater

detail below together with appended drawings where;

Fig. 1 shows a first embodiment of a marine propulsion control system
arranged to control three propulsion units,

Fig. 2 shows a second embodiment of a marine propulsion control

- system arranged to control four propulsion units, and

Fig. 3 showsr‘a graphic representation of a scheme for engagement

 and disengagement of gears in gear units.
EMBODI.MENT(S) OF THE INVENTION -

Fig. 1 shows a simplified top view of a vessel 1 in which the present invention
can.be ueed. Generally, the invention can be used in any type of vessel, such
as larger commercial ships, smaller vessel such as leisure boats and other
types of water vehicles or vessels. The thVention is particularly useful for

small leisure boats, but it is nevertheless not limited to such type of water
vehicle only.

As indicated scher'oatically in Fig. 2, the vessel 1 is designed with a hull 2
having a bow 3, a stern 4 and being divided into two symmetrical portions by

a centre line C. In the stern 4, three propulsion units 5, 6 and 7are mounted.

More precisely, the vessel 1 is provided with a first propulsion unit 5 arranged

at the port side, a second propulsion. unit 6 arranged at the starboard
side.and. a third propulsion unit 7 arranged in the centre: The propulsion
units 5, 6 and 7 are pivotally arranged“in'relation to said hull for generating a

. driving thrust in a desired direction of a generally conventlonal kind, for

example-in the form of an outboard drlve an azimuthal drive unit or out

" board. englnes Prvotally arranged propuIS|on units of d|fferent types are

' known |n the art, such as for instance out board engines arranged in the
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7

stern of the vessel, out board drive units pivotally arranged in relation to the
hull, and which out board drive units are powered from a non rotatably
arranged power unit  such as for instance of the type described in
W003093105 and azimuthal drive units where the propulsion unit together
with its power unit are pivotally arranged in relation to the vessel such as of
theltype ‘described in US6688927, an will therefore not be described in
further detail. The control of the propuision units are performed by a marine
propulsion control system 9.

The two  propulsion units 5, 6 may advantageously be independently
steerable by a steering control system cooperating with and preferably
integrated into the propulsion control syste'm 9. With independently steerable
is intended that each propulsio‘n unit is cohnected to and controllable by
means of separate steering control units 10, 11 and 12 which are suitably in
the form of a computerized unit for receiving commands from steering control
instri;menfs 13, 14. The steering control instruments may be provided in the
formof a éteering wheel 13 or a jby stick 14 or the combination of both.

. The invention also applies to propulsion units that are locked in a fixed

direc,tion"used on vessels steered by rudders in stead 6f pivotally arrahged
propulsion units.

The separate steéring control units 10 - 12 may be integrated in a set of - |
control units 15 — 17 included in the propulsion control system 9, where each-

control unit 15 — 17 is associated with & éeparate propulsion unit 5 — 7 in the

- set of propulsibn‘u‘nits provided on the vessel. Each control units 15 — 17 in ©

~ the set of control units is arranged to control the delivered thrust of the

associated pro‘pulsion unit. depending on input contrbl signalé ;feceived by the

. control unit.

. An inpuf‘c‘omma’nd regulator 18 includes means for generating a desired:
* delivered- thrust by the propulsion units in the set of propulsion units is
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arranged in the marine propulsion control system. The input command
regulator may for this purpose include a port throttle lever 19a, and a
starboard throttle lever 19b arranged to generate a desired delivered thrust
by the propulsion units contributing to the thrust on the starboard and port
side respectively. Each levers generates input control signals to an assigned
master control unit 15, 17 respectively while the centre control unit 16 acts as

a slave unit and receives its input control signals from both master control
units 15, 17.

The master control units 15, 17 furthermore receives input signal from a gear
selector 20 arranged in the input commaAnd‘reguIatorv18 which gear selector
20 serves to control respective gear unit 21a — 21¢ associated with the
propulsion units to be engaged in reverse, neutral or drive. Preferably two
gear selectors 22a, 22b are provided. One for each group of propulsion units
positioned on the starboard side of the centre line and one for the group of
propulsion units positioned on the port side of the centre line.

~ Such gear selectar and throttle lever units are previously known as such, and

for this reason they are not described in detail here. Based on received
information from the steering control instruments 13, 14, the control units 15 -
17 are arranged to control the propulsion units 5 - 7 in a suitable manner to
propel the vessel 1 with a requested direction and thrust.

:Pfeférab!y'fhe input command regulator 18 includes a single starboard input

command rjegu[ator and a single port input command regulator for each
function that is under control by the input command regulator. As have been

V éxpléined above, these functions may include port and starboard throttle

levers and port and starboard gear s‘el‘ectAors.=
and said set of control units inclides two master control units including a
single starboard master control unit and a smgle port master control unit and

at least one slave control unit
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The position of the propulsion units 5, 6 and 7 may be individually.
controllable such that they may pivdt and assume intended directions for
generating a thrust in a desired direction independently of each other.
Respective control unit controls actuator means 13, 14, which may for
instance be constituted by a stepping motor or a hydraulic circuit. The

steering contro! units 10,11, 12 contains means for mapping -an input signal

- from the steering control instruments into a reference value angle for

respective propulsion unit 5, 6, 7 where the actuator means 23a — 23c are
arranged to move the propuléion units such that they assumes the reference
value angle. The mapping may be of simple type such that a steering angle is
obtai.ned‘ from the steering control instruments and that the actuator means
uses this input signal as the reference value angle. The mapping may also be '
more compfex such that the reference . value angles are calculated in
dependence of the driving situation ‘including speed, desired trim angle,
whether docking is performed such that crabbing (movement in the sideways

~ direction) of the vessel is desired and so forth.

As has been explained above the master control units 15 ,.17 receives input
signals directly from the input command regulator 18, while the slave control

unit 16 receives input command signals from, in this case both master control

" units 15, 17. This applies in particular to the control of gear selection and

applied thrust by. fhe propulsion units, while the steering control may be
directly applied to the steering control unit 12 arranged in the slave control
unit 16.

Figure 2 hshows a similar system as | figure 1, with the difference that the
vessel includes four propulsion units which are controlled by master and
slave control units each controlling an -assigned propuision unit. Here the
slave control unit only receives input signals from one of the master control
u'nits.thhaAt"isfthéslavcia‘control unit 16’ controls a first_pOrt side propulsion unit

P1 by .uéihg infofmation provided from a-port side master control unit 15'.
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Furthermofe, the slave control unit 16” controls a first starboard side

propulsion unit P2 by using information provided from a starboard side
master control unit 17’

Figure 3.shows a‘graphic representation of a scheme for engagement and
disengagement of gears in gear units controlled by two master control units
and a slave control unit. In the event both master control units 15,17 has
received inbut command signals requesting to serve their respective gear 4
units 21a,21c¢ to engage either both in reverse or both forward gear, the slave
control unit 16 is arranged to engage the associated gear unit 21b in the
selected gear at a first lower level L1 of delivered thrust and the master
control units 15,17 are arranged o engage their associated gear units 21a,
21c in the selected gear at a second-higher level L2 of delivered thrust. In a
preferred embodiment the first lower level L1 corresponds to zero thrust and
the second h‘i‘gher'level L2 is lower or equal to a proportion of the maximum
of requested thrust equal to the number of propulsion units controlled by the
slave unit divided by the total number of propulsion units in said set., that is
L2=number of propulsion units controlled by the slave control unit/total
number of propulsion units.

In a‘preferféd embodiment of the invention where the slave control unit 16

controls ‘a propulsion unit posiﬁoned in" the centre is dependent on

~ information from a port master control unit 15 and a starboard master control

unit 17, the slave control unit 16 is adapted to control the delivered thrust
Tslave fronﬁ‘ its associated propulsion unit 7 tol‘an average value of a first and
second level of thrust Tuaster1, Tmasters indicated by the port and starboard
master control units 15, 17 respectively -
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CLAIMS

1)

2)

A marine propulsion control system (9) for controlling a set of
propulsion units (6,7,8) carried by a hull (2) of a vessel (1), said
marine propulsion control system (9) including an input command
regulator (18) for generating a desired delivered thrust by the
propulsion units (6, 7 ,8) in the set of propulsion units, a set of control
units (15, 16 A7), wherein each control unit (15,16,17) is associated

with a separate propulsion unit (6 7,8) in said set of propulsion units,

whereln each control unit (15 16 17) is arranged to control the "
dellvered thrust of the associated propulsron unit (6,7,8) dependlng on’
mput control signals received by the control unit (15,16, 17) |
characterlsed in that at least one control unit (16) in said set of control
units (15,16,17) is arranged to act as a slave control unit in all driving
cbnditio‘ns an'd to receive its input control signals from-one or several
master control units (15,17) in said set of controf units to adapt the .

delrvered thrust of the propulsion’ unit (7) associated with the slave ‘
control unrt (16) to the driving condltlon of the propulsron unit or units’
(6 8) assocrated with - the master control unlt or-units (15,17) and in’
that said master control unit or units (15, 17) in all driving conditions

receives its: input control srgnals,dlrectly from ‘the -input command
regulator (1‘8).,

A -marine' propulsion cohtr,ot' system ~ according to claim:- 1, -
c h“ar__,a cterized in that said input command regulator (1 8)
fUrther'more includes a gear ‘se'leetor (20) for selecting forward, reverse
or netitral position of gear units associated with the propulsion. units, .
whereih each cohtrol unit (15,16,17) is furthermore arra‘nged to control
the gear selection of the assqciated gear units (21a — 21¢) depending A
en input -control signals received -by the control unit (15,16 A7),
wherern the. slave control unrt or umts (16) are, in all driving condltlons;., :
arranged to adapt the gear selectlon of the gear unlt (21b) assocratedr '
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3)

4)

12

with the slave control unit (16) to the driving condition of the propulsion
unit or units (6,8) associated with the master control unit or units
(15,17) and in that said master control unit or units (15,17) in all
driving conditions receives its input control signals directly from the
input command regulator (18).

A marine propulsion control system according to claim 1 or 2,

characterized in that said input command regulator (18)

includes a single starboard input command regulator (19a, 22a) and a
Sin.gle port input command regulator (19b, 22b) for each function that
is 'u’n‘der control by the input command regulator (18) and said set of
control units (15, 16, 17) inclddes two ‘master control units (15, 17)
including a single starboard master control unit (1 7) and a single port
master control unit (15) and at least one slave control unit (16). 4

A ‘marine propulsion control' system according to claim 3,

characterized in that said slave control unit (16) is

.5)

associated -with a propulsion unit (7) positioned on the centre line (8) .

~of the hull (2) and that said slave control unit (16) receives input ,

control signals from both master control units (15, 17).

A marine - propulsion control system according to claim 4,
characterized in that said slave control unit (16) is arranged
to‘ engage the associated gear unit '(21 b) in neutral position unless
both master control units (15,17) has received input command signals

requesting to serve their respective gear units (21a, 21b) to engage

either both, in reverse or both forward gear, in which case the slave

control unit (16) is arranged to .engagé the associated gear unit (21b)
invtAhe same géar as both gear units (21a, 21c) associated with the
master units (15,17).

6) A" Amari'ne propulsion control  system according to claim 5,

characterizedin that, in the event both méster control units
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7)

13

(15,17) has received input command signals requesting to serve their
respective gear units (21a,21c) to engage either both in reverse or
both forward gear, the slave control unit (16) is arranged to engage
the associated gear unit (21b) in the selected gear at a first lower level
(L1) of delivered thrust and the master control units (15,17) are
arranged to engage their associated gear units (21a, 21c) in the
selected gear at a second higher level (L2) of delivered thrust.

A marine propulsion control system according to claim 6,
characterized in that said first lower ievel (L1) corresponds
to zero thrust and that said second higher level (L2) is lower or equal

~ to a proportion of the maximum of requested thrust, said proportion

being equal to the number of propulsioh units controlled by the slave
control unit (16)-divided by the total number of propulsion units in said

‘:set. _

9)

A marine  propulsion. control system according to claim 7,
characterized in that said higher level (L2) corresponds to
less than 10% thrust.

A marine propulsion control system according to any of claims 3 fo 8,
characterized in thateach slave control unit (16) is adapted

- to control the delivered thrust (Tslave)frdm its associated propulsion unit

(7) to an average value of a first and second level of thrust (Twastert,

-TMas‘ters) indicated by the starboérd. and port master control units

respectively.

10)A marine ‘propulsion control system according to claim 3 or 4,

characterized in that fo each master control unit (15;17) is
associated at least one slave control unit (16';16”) receiving input

control signals solely from the master control (15’; 17’) unit being

. ‘associated with propulsion units (P1;P2) arranged on the same side of
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the centre line (C) as the propulsion unit (P1’,P2') associated with the
slave control unit (16’;16™)).

11) A marine propulsion control system according to any of the preceding
claims, characterized in that to each master control unit
(15',17’) is associated a slave control (16’,16”) unit that receives input
control signals from one master control unit (15°,17") only.

12) A | marine propulsion control system according to claim 11,
characterized in that the level of thrust (Tgave) associated
with the slave control unit (16).is set to be equal to the level of thrust

(Twmasterts TMasters)) associated with the master control unit (15,17).

13) A-vessel comprising a marine propulsion control unit according to any
- of ‘the‘ precedirig claims and a propulsion unit controlled by each

control unit in said set of control units.

14) A vessel according fo claim 13, c characterized in that the

vessel is provided with three or more propulsion units.
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