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METHOD FOR CONTROLLING THE FUEL CONSUMPTION OF A SHIP

BACKGROUND

A controllable pitch ship propeller is designed such that the angle of attack of the blade
can be continuously varied. In this manner, the torque of the main engine may be varied.
A controllable pitch propeller is common for medium sized ships (50 — 150 m L.b.p.) with

medium to high requirements on maneuverability.

A controllable pitch propeller is often combined with a shaft generator connected to the
main engine via a gear box. When operating such a configuration, the propulsion effect is
adjusted solely by varying the pitch of the propeller blades. The engine speed of the main
engine is kept constant in order to maintain the generator frequency within allowable

limits.

As long as the ship is operating close to its design speed, a fixed engine speed is not a
problem from an efficiency point of view, but at lower speed of the ship a full engine speed
and a low torque provides a substantially lower efficiency of the propulsion system as a
whole. At lower speed of the ship, so called “slow steaming”, it is from an efficiency point
of view appropriate to vary both the pitch and the engine speed, a so called combination

operation.

STATE OF THE ART

The majority of present operating systems for controllable pitch propellers have a
combination condition wherein both the pitch and the engine speed can be controlled
simultaneously using the same operating lever. The relationship between the pitch and
the engine speed is fixed and is calculated with a margin for different load conditions and
in order not to exceed the load limit curve of the engine. During operation in a combination
condition, the shaft generator cannot be used, but electricity can instead be generated

using any one of the ship’s auxiliary engines.

The fixed combination curve has the disadvantage that it is calculated with a margin to the
maximum allowable load for the engine. This results in that the maximum efficiency of the

engine only can be achieved under one condition at the most.



10

15

20

25

30

WO 2016/169991 2 PCT/EP2016/058773

Moreover, most of the existing control systems have a safety function, a “Load Control”,
limiting the maximum torque for the main engine in order to limit the pitch from exceeding
a value that can be set. This renders the engine speed higher and the torque lower than
what is optimal. See JPS598590 CONTROLLER FOR MARINE ENGINE.

OBJECT OF THE INVENTION AND THE MOST IMPORTANT FEATURES

List of figures:

Fig. 1 typical load limit curve for a marine main engine;

Fig. 2 calculation of an output set value for engine speed and control of torque in order to
obtain the correct requested effect;

Fig. 3 diagram of control logic, and

Fig. 4 block diagram of an embodiment.

This presented invention may adjust the engine speed of the main engine and the pitch of
the propeller adaptively and at each instant, such that the operating condition of the main
machine will always assume the lowest allowable engine speed and the maximum
allowable output according to the load limit curve 1 of the engine manufacturer. This is
performed independent of load, weather and current conditions. The method provides, for
instance at each time instant, a maximum efficiency for the propeller and the main engine.
This is done with regard to, and not exceeding, the engine manufacturer’s threshold

values.
One of the most important features is that the control of the engine speed of the main
engine is carried out directly using an output set point value to a lowest allowable engine

speed via the load limit curve 1.

In parallel, the actual output is controlled to correspond to the output set point value by

changing the load torque by varying the pitch of the propeller 2,3.

EMBODIMENT EXAMPLE

In a normal situation, the described method is realized in a microprocessor based control

system 4.
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Fig. 4:

4.1 bridge user board;

4.2 control cabinet;

4.3 user board engine room;

4.4 the engine speed regulator of the main engine;
4.5 the main engine;

4.6 turbo assembily;

4.7 propeller, and

4.8 shaft output sensor.

The present invention relates to a method for controlling the fuel consumption of a ship.
The ship comprises an engine 4.5, which may also be referred to as a main engine, and a
controllable pitch propeller 4.7. According to the present invention, the torque and engine
speed are adjusted to correspond to an output set point value, e.g. a desired or target
engine power output value. Purely by way of example, the output set point value may be

set using the user board 4.1.

As a non-limiting example, the torque and engine speed may also be adjusted to
correspond to a measured load of the engine 4.7 whereby the engine load is the amount
of air flowing through the engine as a percentage of the theoretical maximum. For
instance, the load of the engine 4.7 may be measured by one or more engine sensors

(not shown).

The adjustment of the torque and engine speed is such that the engine is operated in an
operating condition with an engine speed and a propeller pitch of the controllable pitch
propeller such that the fuel consumption of the ship is brought and/or held within a desired

fuel consumption range.

As such, rather than setting the engine speed and the propeller pitch in accordance with a
fixed relationship, the method of the present invention proposes that a combination of
engine speed and propeller speed is set in order to arrive at a fuel consumption within a
desired fuel consumption range. For instance, the above method is not bound by a fixed

relationship between the engine speed and the propeller pitch.
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Fig. 3 illustrates a diagram of control logic. The Fig. 3 example illustrates how the engine

speed and the propeller pitch may be determined.

The engine speed may be controlled by an engine control device, for instance an electric
engine control device. Moreover, the propeller pitch may be set using a pitch setting
arrangement. Purely by way of example, such a pitch setting arrangement may comprise
an adjusting member (not shown) with grooves (not shown) each one of which
accommodating a portion of a propeller. The adjusting member may be longitudinally

movable to thereby alter the pitch of the propeller.

As a non-limiting example, the engine is operated in an operating condition with as low
engine speed and as high propeller pitch as a load limit curve of the engine allows. Such
an operation implies that the fuel consumption is as low as possible. In other words, the
desired fuel consumption range comprises the minimum fuel consumption possible for the
output set point value and the load limit curve. The desired fuel consumption range may
be relatively narrow and may in certain embodiments only comprise the minimum fuel
consumption and a certain margin around the minimum fuel consumption. In other words,
the engine is operated in an operating condition that results in a maximum efficiency of

the controllable pitch propeller and the engine for a given output set point value.

Fig. 2 illustrates a load limit curve for an engine. As is indicated in Fig. 2, by increasing the
propeller pitch, thus increasing the engine torque, it is possible to reduce the engine
speed but nevertheless obtain a desired output while maintaining a position at or on the
right hand side of the load limit curve. Put differently, by increasing the propeller pitch to
thereby increase the engine torque, it is possible to move horizontally to the left in the Fig.
2 diagram in order to arrive at an engine speed and engine torque that produces the

desired output.

Purely by way of example, the load limit curve is defined by the engine manufacturer. As
another non-limiting example, the load limit curve may be established by running the

engine in a test procedure.

As has been intimated above, an output set point value, desired fuel consumption, or
desired speed is set by the crew of the ship, wherein this is done from a control panel 4:1

of the ship, or from an external system (not shown).
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Preferably, the control of the fuel consumption, preferably the optimization of the fuel
consumption, is performed by the system calculating the lowest allowable engine speed
from the output set point value and the load limit curve of the main engine and adjusting

the engine speed to correspond this.

Preferably, the propeller pitch is automatically adjusted such that the output of the engine

corresponds to the output set point.

As a non-limiting example, the output of the engine is measured by a shaft output sensor
4.8 or is calculated from a fuel rack position (indicative of the amount of fuel currently fed

to the engine) and engine speed.

In addition to controlling the engine speed and the propeller pitch of the controllable pitch
propeller such that the fuel consumption of the ship is brought and/or held within a desired
fuel consumption range, the engine speed and the propeller pitch may also be controlled

taking additional effects into account. A few examples are presented hereinbelow.

As a first example, the exhaust gas temperature of the main engine is measured, for
instance using a temperature sensor (not shown), and the torque of the main engine is
reduced if the temperature exceeds a threshold value. As such, in order to reduce the risk
of excessive heating of the engine or an exhaust after treatment system (not shown), the
exhaust gas temperature of the engine may be reduced by decreasing the engine torque

in the event that a high exhaust gas temperature is detected.

Moreover, the engine speed is increased if the temperature exceeds the threshold value.
By increasing the engine speed when decreasing the engine torque, it is possible to at

least substantially maintain the output of the engine.

As a second example, if the ship comprises a turbo assembly providing inlet air at a
charge pressure to the engine, the charge pressure of the main engine is measured and
the torque of the main engine is reduced if the charge pressure is lower than a threshold

value given by the engine speed and pressure.
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Moreover, as in the first example, the engine speed may be increased if the charge

pressure is lower than the threshold value given by the engine speed and pressure.

As a third example, a vibration exciting engine speed is evaluated, the vibration exciting
engine speed being an engine speed that may excite an undesired vibration in at least a
portion of the ship, the engine speed is increased if the current engine speed is operating
within a predetermined engine speed range comprising the vibration exciting engine

speed.

Generally, a fuel consumption within a desired fuel consumption range often implies a low
engine speed and a high propeller pitch (i.e. a large engine torque). As such, in order to
avoid a vibration exciting engine speed, it is generally preferred to increase the engine

speed.

As a non-limiting example, the torque of the main engine is reduced if the current engine
speed is operating within a predetermined engine speed range comprising the vibration

exciting engine speed.

The vibration exciting engine speed and/or the predetermined engine speed range, may
be determined in a plurality of ways. Purely by way of example, the vibration exciting
engine speed and/or the predetermined engine speed range may be determined by
performing an analysis, such as an FE-analysis, of the ship in order to determine
resonance frequencies. As another alternative, the vibration exciting engine speed and/or
the predetermined engine speed range may be determined by a test procedure during

which e.g. resonance frequencies of the ship are determined.

However, in a preferred embodiment of the method, the ship comprises one or more
vibration sensors (not shown) adapted to detect vibrations in one or more portions of the
ship. As such, in such an embodiment, the vibration exciting engine speed is determined
by measuring vibrations levels in at least a portion of the ship. Thus, the vibration exciting
engine speed and/or the predetermined engine speed range may be determined during

use.

It should be noted that two or more of the above three examples may be combined.
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A second aspect of the present invention relates to a computer program comprising
program code means for performing the steps of any one of the above method

embodiments when the program is run on a computer.

A third aspect of the present invention relates to a computer readable medium carrying a
computer program comprising program code means for performing the steps of any one

of the above method embodiments when the program product is run on a computer.

A fourth aspect of the present invention relates to a control unit for controlling the fuel
consumption of a ship, the control unit being configured to perform the steps any one of

the above method embodiments.

Another embodiment example is presented hereinbelow.

The system is normally controlled from a bridge user board 4.1. On this, a user may
adjust a set value, for instance output, speed over ground, or consumption. The selected
set value is converted or adjusted to an output set value. The user board 4.1 has a

graphic interface from which set and actual parameters may be read.

The signal from the user board 4.1 is sent to the control cabinet 4.2 in which all the
calculations are performed. The control cabinet 4.2 comprises the electronic interface for
measured and control data from the main engine 4.5, the engine speed regulator 4.4, the
turbo assembly 4.6, the propeller 4.7 and possibly the shaft output sensor 4.8. In the
engine room or its control room, an additional user board 4.3 is present for setup of the

system and data reading.

The user interface is, during normal operation, the bridge user board 4.1 using which a

desired value that can be output, consumption or speed is set.

The method for which a patent is sought is applied by calculating the correct engine
speed in the control cabinet 4.2. of the system. The calculation is performed by an
electronic control unit. The calculated set value is sent to the engine speed regulator 4.4
of the main engine which in turn adjusts the engine speed to the correct value. The

correct output is calculated in the control cabinet 4.2. The calculation is performed by an

SHEET INCORPORATED BY REFERENCE (RULE 20.6)
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electronic unit. The actual output is controlled to correspond to the set value since the

system adjusts the pitch of the propeller 4.7.

Measurement of the actual output is performed by means of the control cabinet 4.2 of the
system reading a signal for the torque and engine speed from the shaft output sensor 4.8
or a pump rod position and engine speed from the engine speed regulator 4.4 of the main

engine.

The system comprises a safety mechanism, wherein the exhaust gas temperature of the
main engine 4.5 is measured and compared to a threshold value. If the actual
temperature exceeds the threshold value, the load is reduced by increasing the engine

speed and reducing the torque.

The system comprises a safety mechanism, wherein the charge pressure of the turbo
assembly 4.6 is compared to a threshold value. The threshold value is defined as a
function of pressure and engine speed. If the actual pressure is lower than this threshold

value, the load is reduced by increasing the engine speed and reducing the torque.

As non-limiting examples, embodiments of the present invention may be described in

accordance with any one of the below points.

Point 1. A method for minimizing the fuel consumption of a ship wherein the torque
and the engine speed are continuously adjusted to correspond to an output
set point value and a measured load, characterized in that the adjustment is
such that the engine is operated in an operating condition with as low engine
speed and as high propeller pitch as the load limit curve, defined by the

engine manufacturer, allows.

Point 2. The method according to point 1, characterized in that an output set point
value, desired fuel consumption, or desired speed is set by the crew,
wherein this is done from a separate control panel (4:1), or from an external

system.

Point 3. A method according to point 2, characterized in that the optimization is

performed by the system calculating the lowest allowable engine speed from

SHEET INCORPORATED BY REFERENCE (RULE 20.6)
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Point 4.

Point 5.

Point 6.

Point 7.

A method according to point 3, characterized in that the propeller pitch is
automatically adjusted such that the output of the main engine corresponds

to the output set point.

A method according to point 4, characterized in that the output of the main
engine is measured by a shaft output sensor or is calculated from a pump

rod position and engine speed.

A method according to point 5, wherein the exhaust gas temperature of the
main engine is measured, characterized in that the torque of the main engine
is reduced and the engine speed is increased if the temperature exceeds a
threshold value.

A method according to point 5, wherein the charge pressure of the main
engine is measured, characterized in that the torque of the main engine is
reduced and the engine speed is increased if the temperature is lower than a

threshold value given by the engine speed and pressure.
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CLAIMS

. A method for controlling the fuel consumption of a ship, the ship comprising an

engine (4.5) and a controllable pitch propeller (4.7), wherein torque and engine
speed are adjusted to correspond to an output set point value, wherein the
adjustment is such that the engine (4.5) is operated in an operating conditioh with
an engine speed and a propeller pitch of the controllable pitch propeller such that
the fuel consumption of the ship is brought and/or held within a desired fuel
consumption range characterized in that the exhaust gas temperature of
the engine (4.5) is measured, the torque of the engine (4.5) is reduced if the
temperature exceeds a threshold value.

. The method according to claim 1, wherein the engine speed is increased if the

temperature exceeds said threshold value.

. The method according to any one of the preceding claims, wherein the engine

(4.5) is operated in an operating condition with as low engine speed and as high

propeller pitch as a load limit curve of the engine allows.

. The method according to claim 3, wherein the desired fuel consumption range

comprises the minimum fuel consumption possible for the output set point value

and the load limit curve.

. The method according to claim 3 or claim 4, wherein the load limit curve is defined

by the engine manufacturer.

. The method according to any one of the preceding claims, wherein an output set

point value, desired fuel consumption, or desired speed is set by the crew of the
ship, wherein this is done from a control panel (4:1) of the ship, or from an external

system.

. The method according to any one of the preceding claims, wherein the control of

the fuel consumption, preferably the optimization of the fuel consumption, is

performed by the system calculating the lowest allowable engine speed from the

AMENDED SHEET 20/02/2017
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output set point value and the load limit curve of the engine (4.5) and adjusting the
engine speed to correspond this.

. The method according to any one of the preceding claims, wherein the propeller

pitch is automatically adjusted such that the output of the engine corresponds to
the output set point.

. The method according to any one of the preceding claims, wherein output of the

engine (4.5) is measured by a shaft output sensor (4.8) or is calculated from a fuel

rack position and engine speed.

The method according to any one of the preceding claims, wherein the charge
pressure of the engine (4.5) is m‘easured, the torque of the engine (4.5) is reduced
if the charge pressure is lower than a threshold value given by the engine speed

and pressure.

The method according to claim 10, wherein the engine speed is increased if the
charge pressure is lower than said threshold value given by the engine speed and

pressure.

The method according to any one of the preceding claims, wherein an vibration
exciting engine speed is evaluated, the vibration exciting engine speed being an
engine speed that may excite an undesired vibration in at least a portion of the
ship, the engine speed is increased if the current engine speed is operating within
a predetermined engine speed range comprising the vibration exciting engine
speed.

The method accordin.g to claim 12, wherein the torque of the engine (4.5) is
reduced if the current engine speed is operating within a predetermined engine
speed range comprising the vibration exciting engine speed.

The method according to claim 12 or claim 13, wherein the vibration exciting
engine speed is determined by measuring vibrations levels in at least a portion of

the ship.

A computer program comprising program code means for performing the steps of
any of claims 1 - 14 when the program is run on a computer. '

AMENDED SHEET 20/02/2017
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A computer readable medium carrying a computer program comprising program
code means for pérforming the steps of any of claims 1 - 14 when the program

product is run on a computer.

. A control unit for controlling the fuel consumption of a ship, the control unit being

configured to perform the steps of the method according to any of claims 1 - 14,

A method for minimizing the fuel consumption of a ship, wherein the torque and
the engine speed, from a set point value, are adjusted based on the load limit
curve of the main engine and a measured load, wherein the adjustment is
performed such that the engine (4.5) is operated at an operating point with the
lowest possible fuel consumption, with the requested output and as close to the
load limit curve as possible, wherein a set point value for output, desired fuel
consumption, or desired speed is set by the crew, wherein this is done from a
separate control panel (4:1), or from an external system, wherein the optimization
is performed by the system calculating the lowest allowable engine speed from the
set point value and the load limit curve of the main engine and adjusting the
engine speed to this, wherein he propeller pitch is automatically adjusted such that
the output of the main engine corresponds to the set point value, wherein the
output of the main engine is measured by a shaft output sensor or is calculated
from a pump rod position and engine speed, characterized in that the
exhaust gas temperature of the main engine is measured, wherein the torque of
the main engine is reduced and the engine speed is increased if the temperature
exceeds a threshold value.

A method according to claim 18, wherein the charge pressure of the rhain engine
is measured, characterized in that the torque of the main engine is
reduced and the engine speed is increased if the temperature is lower than a
threshold value given by the engine speed and pressure.
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