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(54) CONTROL METHOD AND CONTROLLER OF MARINE ENGINE

(57) Object: To efficiently switch the operation mode
from the fuel saving mode and the ordinary mode to im-
prove the fuel efficiency, while maintaining the ship
maneuverability.

Means to Realize Object: A controller (4) receives
a set rotation rate and an actual rotation rate. In an ordi-
nary mode, a PID controlling apparatus (12) computes
an output value to be supplied to fuel supply means of a
ship engine (2) from the difference between the set ro-
tation rate and the actual rotation rate in the ordinary
mode. The PID controlling apparatus (12) also has a fuel
saving mode in which the width of change per unit time
of the output value is smaller than in the ordinary mode.
Detecting units (20, 22, 24, 26, 28) for monitoring varia-
tions in the set and actual rotation rates are provided.
The PID controlling apparatus (12) is switched to the or-
dinary mode when the set rotation rate or the actual ro-
tation rate goes out of a predetermined range in the fuel
saving mode.
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Description

Technical Field

[0001] This invention relates to a method of controlling
a ship engine equipped with a governor, and a control
system for use therefor.

Background Art

[0002] An engine of a ship is equipped with a governor
for controlling fuel regulation parameters, such as an
amount of fuel to be injected, in order to make the rotation
rate of the engine be the rate set by a helmsman, or ship
operator. Such a governor is disclosed, for example, in
Patent Literature 1. The governor disclosed in Patent Lit-
erature 1 is such that comparison operations are per-
formed on an actual rotation rate and a set rotation rate
of a ship engine, and a rack position of a fuel pump of
the ship engine is adjusted according to the result of the
comparison operations. Another example of governors
is disclosed in Patent Literature 2, according to which an
amount of fuel supplied to a main engine is controlled in
accordance with a difference between an actual rotation
rate and a set rotation rate of the main engine.
[0003]

Patent Literature 1: JP 1995-279738A
Patent Literature 2: JP 1996-200131A

Disclosure of the Invention

Technical Problem

[0004] According to the technologies disclosed in Pat-
ent Literatures 1 and 2, the rack position of the fuel pump
is successively adjusted in accordance with the results
of the comparison operations, whereby the amount of
fuel to be supplied is successively regulated in accord-
ance with the difference between the actual rotation rate
and the set rotation rate. When the rack position and the
fuel supply amount are successively controlled, the ro-
tation rate of the ship engine can be regulated to be con-
stant, but there is a possibility that the fuel may be wasted.
On the other hand, if such successive control is interrupt-
ed, the rotation rate of the engine varies, but the amount
of fuel consumed can be kept small. Then, it is desired
to switch, as the occasion demands, the system to or
from a state in which the rotation rate is successively
regulated to be constant from or to a state in which the
successive control is stopped.
[0005] In place of the successive control, it may be
possible to perform control to make the rate of change
of the parameters for use in control smaller to thereby
reduce variations in the amount of the fuel to be supplied.
However, according to this technology, it is difficult to
maneuver the ship well because the actual rotation rate
can hardly become equal to the rotation rate set by the

ship operator.
[0006] An object of this invention is to provide a method
and a system for controlling an engine for a ship, that
can improve the fuel efficiency of the ship by efficiently
switching the engine to a mode in which changing of an
output value to be applied to fuel supply means is inhib-
ited or change of the amount of fuel supplied is reduced,
while maintaining the ship maneuverability.

Solution to Problem

[0007] According to an aspect of the present invention,
a ship engine controlling method is provided. The ship
engine controlling method includes an ordinary mode in
which an output value to be applied to fuel supply means
is changed in accordance with the difference between
the rotation rate set by the ship operator and the actual
rotation rate of the ship engine, and a fuel saving mode
in which the changing of the output value is inhibited or
the amount of change of the output value per unit time
is reduced relative to the one in the ordinary mode. The
fuel supply means may be an actuator in case of me-
chanically controlling a fuel pump, or a solenoid valve
when controlling electronically. The ship control system
is switched from the fuel saving mode to the ordinary
mode when a predetermined condition is fulfilled.
[0008] According to an embodiment of the invention,
a control system for use in the controlling method is pro-
vided. The control system includes arithmetic and logic
operation means for computing the output values to be
applied to the fuel supply means in the ordinary mode
and the fuel saving mode. The system further includes
monitoring means for monitoring variations in the set ro-
tation rate or the actual rotation rate. The monitoring
means provides a release command when the set rota-
tion rate or the actual rotation rate goes out of a prede-
termined range, and the arithmetic and logic operation
means is supplied with the release command and is
switched to the ordinary mode in response thereto.
[0009] The switching between the ordinary mode and
the fuel saving mode makes it possible to secure the ship
maneuverability in the ordinary mode and to improve the
fuel efficiency in the fuel saving mode.
[0010] In the controlling method according to the
above-described embodiment, the predetermined con-
dition may be deviation of the actual rotation rate from a
range of rotation rates set for safe navigation which is
determined with oceanographic phenomena and distur-
bances taken into account. The monitoring means of the
control system according to the above-mentioned em-
bodiment may be arranged to provide a release com-
mand when the actual rotation rate decreases below a
rotation rate set for securing the ship maneuverability.
[0011] With the above-described arrangements, the
engine can be switched to the ordinary mode when it is
expected that safe navigation of the ship is endangered
due to, for example, changes in environmental distur-
bances. This can improve the ship maneuverability. Also,
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when safe navigation is possible, the fuel consumption
can be reduced by operating the ship in the fuel saving
mode.
[0012] In the above-described controlling method, the
predetermined condition may be the actual rotation rate
decreased to a value equal to or below the rotation rate
employed when the ship is on the open sea. In the above-
described control system, the monitoring means may be
arranged to provide a release command when the actual
rotation rate becomes equal to or lower than the rotation
rate employed when the ship is on the open sea.
[0013] . With the above-described arrangements,
when, for example, the actual rotation rate of the engine
decreases to a value equal to or below the rotation rate
employed on the open sea, which may make it difficult
to navigate the ship safely, the operating mode can be
switched to the ordinary operating mode from the fuel
saving mode in which the fuel consumption can be sup-
pressed. Thus, such arrangements can improve the ship
maneuverability.
[0014] In the above-described controlling method, the
predetermined condition may be the actual rotation rate
increased to a value equal to or higher than the rotation
rate set for preventing overspeed. The monitoring means
of the control system of the above-described embodi-
ment may be arranged to provide a release command
when the actual rotation rate becomes equal to or above
the rotation rate set for preventing overspeed.
[0015] With such arrangement, the operation mode of
the system is switched to the ordinary mode from the fuel
saving mode when it is expected that the actual rotation
rate can become a rotation rate causing over speed,
whereby the actual rotation rate is prevented from be-
coming the over speed causing rotation rate.
[0016] The predetermined condition in the above-de-
scribed controlling method may be changing of the set
rotation rate by the ship operator. In such embodiment,
the monitoring means of the control system provides a
release command when the ship operator changes the
set rotation rate.
[0017] With such arrangement, when the ship operator
changes the set rotation rate, the system is switched to
the ordinary mode, so that the ship engine can be oper-
ated to rotate at the actual rotation rate corresponding to
the set rotation rate. By switching to the fuel saving mode
after that, the ship can be continuously operated with the
fuel consumption efficiency improved.
[0018] If the amount of change of the set rotation rate
is within a range of fine adjustment, the fuel saving mode
may be maintained, or the monitoring means may be
arranged to maintain the fuel saving mode. The amount
of fine adjustment may be 2 rpm/ second or less. With
this arrangement, the fuel saving mode is maintained if
the set rotation rate is changed within the fine adjustment
range, whereby the fuel consumption efficiency is im-
proved.
[0019] In the controlling method of the above-de-
scribed embodiment, the ship engine may be switched

to the fuel saving mode when the difference between the
actual rotation rate and the set rotation rate in the ordinary
mode of operation is within a first range, and is switched
to the ordinary mode of operation when the difference
between the actual rotation rate and the set rotation rate
is greater than a second range, where the second range
is greater than the first range. The monitoring means of
the control system of the above-described embodiment
may be arranged to inhibit a release command when the
difference between the actual rotation rate and the set
rotation rate in the ordinary mode is within a first range,
and to provide a release command when the difference
between the actual rotation rate and the set rotation rate
is greater than a second range. In this case, too, the
second range is greater than the first range.
[0020] With such arrangement, since the second
range is greater than the first range, it is not often that
the fuel saving mode is switched to the ordinary mode.
This means that the ship run for a longer time in the fuel
saving mode and, therefore, the fuel consumption effi-
ciency is improved.
[0021] When the ordinary mode is switched to the fuel
saving mode in the controlling method of the above-de-
scribed embodiment, the output value may be changed
to an average value. In the control system of the above-
described embodiment, there may be provided average
value computing means for computing an average value
of the output values to be supplied to the fuel supply
means and switching means for switching the output val-
ue to an average value over a predetermined time period
supplied from the average computing means.
[0022] With such arrangement, variations in rotation
rate of the ship engine in the fuel saving mode can be
made small, enabling the numbers of the switching to the
ordinary mode can be reduced, resulting in improvement
of the fuel consumption efficiency.
[0023] In the above-described controlling method, a
saving mode upper limit of the output value to be supplied
to the fuel supply means may be defined in the fuel saving
mode. The arithmetic and logic operation means of the
control system may be arranged to define the saving
mode upper limit of the output value to be supplied to the
fuel supply means when the fuel saving mode is to reduce
the width of changes in the output value, and to provide,
as an output, the saving mode upper limit when the com-
puted output value exceeds the saving mode upper limit.
[0024] With such arrangements, although variations in
the actual rotation rate in stormy weather become large
in the fuel saving mode, changes in amount of fuel supply
does not become too large because of the upper limit set
to the output value to be applied to the fuel supply mean,
whereby overspeed of the engine can be prevented. Al-
so, variations in the actual rotation rate can be prevented
from becoming large.
[0025] In the above-described embodiments, propor-
tional-integral-derivative control may be used to compute
the output value to be supplied to the fuel supply means.
In such case, for the fuel saving mode, a proportional
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gain constant used in the proportional control of the pro-
portional-integral-derivative control is multiplied by a pro-
portion multiplier, the integration time used in the integral
control of the proportional-integral-derivative control is
multiplied by an integration multiplier, and the differenti-
ation time used in the derivative control of the proportion-
al-integral-derivative control is multiplied by a differenti-
ation multiplier, to thereby prohibit the output value to be
supplied to the fuel supply means from changing or to
reduce the width of variation per unit time of the output
value per unit time relative to the one in the ordinary
mode. Further, the respective multipliers are settable to
desired values.
[0026] The arithmetic and logic operation means of the
control system according to the above-described embod-
iments may include proportional-integral-derivative con-
trol means. In such case, for the fuel saving mode, a
proportional gain constant to be used in the proportional
control in the proportional-integral-derivative control
means is multiplied by a proportion multiplier, an integra-
tion time used in the integral control of the proportional-
integral-derivative control means is multiplied by an in-
tegration multiplier, and the differentiation time used in
the derivative control of the proportional-integral-deriva-
tive control means is multiplied by a differentiation mul-
tiplier, to thereby prohibit the output value to be supplied
to the fuel supply means from changing or to reduce the
width of variation per unit time of the output value per
unit time relative to the in the ordinary mode. Further, the
respective multipliers are settable to desired values.
[0027] Troublesome processing is required to change
a proportional gain constant, an integration time and a
differentiation time in the fuel saving mode. It includes
grasping the values of these parameters in the ordinary
mode, and setting new proportional gain constant, inte-
gration time and differentiation time with these grasped
values. In contrast, processing including multiplication of
a proportional gain constant, an integration time and a
differentiation time by respective multipliers does not re-
quire grasping the proportional gain constant, the inte-
gration time and the differentiation time in the ordinary
mode, so the setting is easy.

Brief Description of Drawings

[0028]

Fig. 1 is a block diagram of a ship engine control
system according to an embodiment of the present
invention.
Fig. 2 is a block diagram showing functions achieved
by a controller shown in Fig. 1.

Best mode for Carrying out Present Invention

[0029] A ship engine control system according to an
embodiment of the present invention is for controlling a
ship engine, e.g. an internal combustion engine 2 for a

ship, as shown in Fig. 2. The ship internal combustion
engine 2 may be a multiple-cylinder diesel engine. Each
cylinder is provided with a fuel injection valve, and fuel
supply means, e.g. fuel injection pump, although not
shown. The fuel injection valve is arranged to supply fuel
supplied thereto to the cylinder when the pressure of the
fuel supplied from the fuel injection pump exceeds a pre-
determined value. Each fuel injection pump supplies an
amount of fuel corresponding to an output value supplied
thereto from a control apparatus, e.g. a controller 4 de-
scribed later, to an associated fuel injection valve. Other
than an engine with a fuel injection valve and a fuel in-
jection pump, the ship internal combustion engine 2 may
be an engine with fuel supply to each cylinder controlled
by a solenoid valve, e.g. an engine with a common-rail
fuel injection system or an engine with a pressure-inten-
sifier-cylinder fuel injection system. Alternatively, the in-
ternal combustion engine 2 may be an engine with cyl-
inders each provided with fuel supply means, e.g. an in-
jector acting as the fuel injection valve. The injector is
arranged such that a valve is moved by exciting or de-
exciting an electromagnet disposed within the injector to
thereby control the fuel injection into an associated cyl-
inder. The operation of the injector is controlled in ac-
cordance with the output value from the controller 4.
[0030] The controller 4 is provided with arithmetic and
logic operation means, e.g. a microprocessor, and mem-
ory means, e.g. a ROM and a RAM. The controller 4
receives, from a rotation rate detector 6, an actual rotation
rate representative signal representing an actual rotation
rate of the ship internal combustion engine 2. Also, the
controller 4 receives, from a steering apparatus 8, a set
rotation rate representative signal representative of a ro-
tation rate set for the ship internal combustion engine 2.
[0031] In this embodiment, the controller 4 functions
as adding means for computing a difference between the
set rotation rate representative signal and the actual ro-
tation representative signal, e.g. an adder 10 as shown
in FIG. 2, and also as PID control means, e.g. a PID
controlling apparatus 12, to which the computed differ-
ence is supplied. In other words, the PID controlling ap-
paratus 12 performs proportional control by multiplying
the supplied difference by a proportional gain constant,
performs integral control by integrating the supplied dif-
ference and multiplying the integration result by the re-
ciprocal of an integration time, performs derivative control
by differentiating the supplied difference and multiplying
the result of the differentiation by an differentiation time,
and outputs, as the output value, a value obtained by
adding the results of the proportional control, the integral
control and the derivative control.
[0032] The PID controlling apparatus 12 is provided
with a limiter 14 and is arranged such that, when the
computed output value exceeds a limiter upper limit value
set in the limiter 14, the limiter upper limit value is out-
putted.
[0033] The PID controlling apparatus 12 is arranged
to operate in a selected one of the ordinary and fuel sav-
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ing modes.
[0034] For the ordinary mode, the proportional gain
constant, the integration time and the differentiation time
are set such that, even when the set rotation rate repre-
sentative signal changes, no offset occurs and the actual
rotation rate representative signal can become equal to
the set rotation rate representative signal without delay.
[0035] For the fuel saving mode, the integration time
and the differentiation time are set such that the integral
control dominates more than in the ordinary mode and
the derivative control hardly is effective. Also, the pro-
portional gain constant is set such that the proportional
control is less effective than in the ordinary mode. With
such setting, the width over which the output value from
the PID controlling apparatus 12 changes for a unit time
is small relative to the one in the ordinary mode.
[0036] The proportional gain constant, the integration
time and the differentiation time for the fuel saving mode
are not directly changed, but they are changed by multi-
plying the initial values, e.g. the proportional gain con-
stant, the integration time and the differentiation time for
the ordinary mode, by a multiplier for the proportional
gain constant, a multiplier for the integration time and a
multiplier for the differentiation time, respectively. Ac-
cordingly, it is not necessary to know the proportional
gain constant, the integration time and the differentiation
time for the ordinary mode, but it is sufficient only to de-
termine, for each of the proportional gain constant, the
integration time and the differentiation time for the ordi-
nary mode, how many times it should be increased by.
Thus, the setting is easy. The multiplier by which the pro-
portional gain constant should be multiplied, the multiplier
by which the integration time should be multiplied, and
the multiplier by which the differentiation time should be
multiplied can be set by the ship operator to values which
he or she desires.
[0037] Switching between the fuel saving mode and
the ordinary mode is described later.
[0038] The controller 4 acts also as a filter 16, e.g. a
low-pass filter, which averages the output of the PID con-
trolling apparatus 12. Further, the controller 4 functions
also as switching means, e.g. a changeover switch 18,
for selecting one of the outputs from the filter 16 and the
PID controlling apparatus 12 for application to the fuel
injection pump or the injector within the ship internal com-
bustion engine 2. The changeover switch 18 couples the
output of the PID controlling apparatus 12 directly to the
fuel injection pump or the injector in the ordinary mode,
but it couples the output of the filter 16 to the fuel injection
pump or the injector for a predetermined time period or
for one loop period of a control program, when it is
switched, for example, from the ordinary mode to the fuel
saving mode by a switching control unit 19 of which func-
tion is provided by the controller 4 as described later.
[0039] The controller 4 functions also as monitoring
means, e.g. five detecting units, for determining the
switching between the above-described ordinary mode
and the fuel saving mode. There are provided, as the five

detecting units, an over speed causing actual rotation
rate detecting unit 20, an actual rotation rate level detect-
ing unit 22, a set rotation rate level detecting unit 24, a
rate-of-change-in-set-rotation-rate detecting unit 26, and
an amount-of-change-in-rotation-rate detecting unit 28.
[0040] The over speed causing actual rotation rate de-
tecting unit 20 receives the actual rotation rate represent-
ative signal to determine whether the actual rotation rate
representative signal is equal to or above a predeter-
mined overspeed indicative level, outputs an OFF signal
to switch the system to the ordinary mode when the actual
rotation rate representative signal is equal to or above
the over speed indicative level, and outputs an ON signal
to switch the system to the fuel saving mode when the
actual rotation rate representative signal is below the
over speed indicative level. The over speed indicative
level is set to a level from which it can be determined that
the ship internal combustion engine 2 is rotating at an
excessive rotation rate. Thus, when the ship internal
combustion engine 2 is rotating at an excessive rotation
rate in the fuel saving mode, the engine 2 can be switched
to the ordinary mode, whereas, when the ship internal
combustion engine 2 in the ordinary mode is not rotating
at an excessive rotation rate, the engine 2 can be
switched to the fuel saving mode.
[0041] The actual rotation rate level detecting unit 22
receives the actual rotation rate representative signal,
and judges whether the actual rotation rate is equal to or
above a NAVI-FULL rotation rate. If the actual rotation
rate is equal to or above the NAVI-FULL rotation rate,
the actual rotation rate level detecting unit 22 develops
an OFF signal, whereas, if the actual rotation rate is below
the NAVI-FULL rotation rate, the detecting unit 22 devel-
ops an ON signal. The NAVI-FULL rotation rate is the
rotation rate of the ship internal combustion engine 2
when the ship is running on the open sea. Accordingly,
when the actual rotation rate is equal to or above the
NAVI-FULL rotation rate in the fuel saving mode, the en-
gine 2 can be switched to the ordinary mode. On the
other hand, if the actual rotation rate is below the NAVI-
FULL rotation rate in the ordinary mode, the engine 2
can be switched to the fuel saving mode. The NAVI-FULL
rotation rate is the rotation rate adoptable on the open
sea which is pre-computed for the shape, size etc. of the
ship. In addition, the rotation rate at which the ship can
be moved in safety within a bay is also pre-computed
with oceanographic phenomena and environmental dis-
turbances taken into account. If the actual rotation rate
is equal to or above this pre-computed rotation rate when
the ship is navigating within a bay, the actual rotation rate
level detecting unit 22 develops the OFF signal, and if
the actual rotation rate is below the pre-computed rota-
tion rate, it develops the ON signal.
[0042] The set rotation level detecting unit 24 receives
the set rotation rate representative signal and judges
whether the set rotation rate is equal to or above the
NAVI-FULL rotation rate. The detecting unit 24 develops
the OFF signal if the set rotation rate is equal to or above

7 8 



EP 2 447 515 A1

6

5

10

15

20

25

30

35

40

45

50

55

the NAVI-FULL rotation rate, and develops the ON signal
if the set rotation rate is below the NAVI-FULL rotation
rate. Accordingly, if the set rotation rate is equal to or
above the NAVI-FULL rotation rate in the fuel saving
mode, the engine 2 can be switched to the ordinary mode.
Also, if the set rotation rate is below the NAVI-FULL ro-
tation rate in the ordinary mode, the engine 2 can be
switched to the fuel saving mode.
[0043] The detecting unit 26 for detecting the rate of
change of the set rotation rate receives the set rotation
rate representative signal, computes the rate of change
per unit time, e.g. one second, judges whether the rate
of change is equal to or larger than a predetermined val-
ue, e.g. 2 rpm/second, and develops an OFF signal when
the rate of change is equal to or larger than 2 rpm/second
or an ON signal when the rate of change is smaller than
2 rpm/second. The predetermined value for the rate of
change is such a value that the rate of change can be
considered to be within a range of fine adjustment. Ac-
cordingly, when the rate of change in the set rotation rate
in the fuel saving mode is out of the range of fine adjust-
ment, the fuel saving mode can be switched to the ordi-
nary mode, and, when the rate of change in the set ro-
tation rate in the ordinary mode is within the range of fine
adjustment, the ordinary mode can be switched to the
fuel saving mode.
[0044] The amount-of-change-in-rotation-rate detect-
ing unit 28 receives a difference representative signal
from the adder 10 (a signal representative of the differ-
ence between the set rotation rate and the actual rotation
rate). The difference representative signal represents the
amount of change of the actual rotation rate from the set
rotation rate, and, if the amount of change is within a first
predetermined range, e.g. �3 rpm, the amount-of-
change-in-rotation-rate detecting unit 28 develops an ON
signal. If the amount of change is within a second pre-
determined range, e.g. equal to or larger than +5 rpm or
equal to or smaller than -5 rpm, the amount-of-change-
in-rotation-rate detecting unit 28 develops an OFF signal.
Accordingly, if the amount of change of the rotation rate,
which is the difference between the set rotation rate and
the actual rotation rate, increases or decreases by 5 rpm
or more in the fuel saving mode, the fuel saving mode
can be switched to the ordinary mode. On the other hand,
if the amount of change of the rotation rate in the ordinary
mode is within the range of �3 rpm, the operation mode
can be changed to the fuel saving mode.
[0045] The output signals from the respective detect-
ing units 20, 22, 24, 26 and 28 are coupled to a logic
gate, e.g. an AND gate 30, provided by the controller 4.
The AND gate 30 develops an output when the output
signals of the detecting units 20, 22, 24, 26 and 28 are
all ON signals. The output of the AND gate 30 is applied
to a timer 32 provided by the controller 4. The timer 32
develops an output when the output of the AND gate 30
continues for a predetermined time period. In other
words, when all of the detecting units 20, 22, 24, 26 and
28 output the ON signals for a short time period, the timer

32 does not develop an output. Only when all the detect-
ing units 20, 22, 24, 26 and 28 develop the ON signals
for a predetermined time period, the timer 32 develops
an output. The output of the timer 32 is supplied to a fuel
saving mode ready indicator 36 in a display 34 shown in
Fig. 1 to activate the indicator 36 to indicate that the fuel
saving mode is at the ready.
[0046] The output of the timer 32 is supplied to a logic
gate, e.g. an AND gate 38, provided by the controller 4.
The AND gate 38 receives also a fuel saving mode se-
lecting signal developed when a fuel saving mode se-
lecting button 40 on the steering apparatus 8 is closed.
The AND gate 38 develops an output only when the timer
32 supplies an output thereto with the fuel saving mode
selecting button 40 closed to supply the fuel saving mode
selecting signal to the AND gate 38. Accordingly, even
when the timer 32 is developing an output, or, in other
words, even when all the detecting units 20, 22, 24, 26
and 28 are developing the ON signals for the predeter-
mined time period, the AND gate 38 does not develop
an output unless the fuel saving mode selecting signal
is supplied to the AND gate 38.
[0047] The output of the AND gate 38 is supplied to
the PID controlling apparatus 12. The PID controlling ap-
paratus 12 is switched from the ordinary mode to the fuel
saving mode in response to reception of the output of the
AND gate 38, and carries out PID control in the fuel saving
mode. The output of the AND gate 38 is also coupled to
a fuel saving mode indicator 42 on the display 34 to in-
dicate that the operating mode is shifted to the fuel saving
mode. When the output of the AND gate 38 is decoupled
from the PID controlling apparatus 12, the PID controlling
apparatus is switched from the fuel saving mode to the
ordinary mode.
[0048] The output of the AND gate 38 is also coupled
to the switching control unit 19, which switches the
changeover switch 18 to cause the output of the filter 16
to be coupled to the fuel injection pump or the injector.
The switching from the ordinary mode to the fuel saving
mode causes a change in the output value of the PID
controlling apparatus 12. In the initial stage of the mode
switching, the change in the output of the PID controlling
apparatus 12 is alleviated by the filter 16 before it is ap-
plied to the fuel injection pump or the injector. A prede-
termined time period after the mode switching, the output
of the PID controlling apparatus 12 is coupled, as it is, to
the fuel injection pump or the injector.
[0049] As described, when, in the ordinary mode, all
of the detecting units 20, 22, 24, 26 and 28 develop the
ON signals for a predetermined time period, the PID con-
trolling apparatus 12 is switched to the fuel saving mode
to output an output value for controlling the fuel injection
pump or the injector in the fuel saving mode. When any
one of the detecting units 20, 22, 24, 26 and 28 develops
an OFF signal, the PID controlling apparatus 12 is
switched to the ordinary mode and provides an output
value for controlling the fuel injection pump or the injector
in the ordinary mode.
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[0050] Thus, when the actual rotation rate increases
to or above the over speed level, or when the actual ro-
tation rate increases to or above the NAVI-FULL rotation
rate, or when the set rotation rate increases by 2 rpm or
more, or when the set rotation rate increases to or above
the NAVI-FULL rotation rate, or when the rate of change
of the rotation rate changes by �5 rpm, the ship, which
has been being controlled in the fuel saving mode, is
switched to the ordinary mode control. Therefore the safe
navigation can be maintained, and the ship maneuvera-
bility is improved. Further, in the fuel saving mode, the
fuel consumption can be reduced.
[0051] The output of the PID controlling apparatus 12
is outputted being averaged in the filter 16 for the prede-
termined time period after the switching of the mode to
the fuel saving mode, and, therefore it never happens
that the output value supplied to the fuel injection pump
or the injector abruptly changes greatly. As a result, the
amount of change in the rotation rate of the ship engine
2 does not change greatly, so that the engine 2 is pre-
vented from being switched back to the ordinary mode
immediately after the switching to the fuel saving mode.
[0052] Since the PID controlling apparatus 12 is pro-
vided with the limiter 14, the output value of the PID con-
trolling apparatus 12 does not exceed the limiter upper
limit, and, therefore the amount of change of the fuel does
not become too large, which prevents the over speed of
the engine. In the fuel saving mode, the amount of control
of the actuator and the injector is extremely small, and,
therefore, after the mode is switched to the fuel saving
mode, there is a possibility that the change in rotation
rate becomes larger than in the ordinary mode. The lim-
iter 14 is used to prevent it. The limit set in the limiter 14
is lower, preferably by 5 % to 10 % of the upper limit of
the output of the PID controlling apparatus 12 in the or-
dinary mode, than the upper limit of the PID controlling
apparatus output in the ordinary mode.
[0053] In the above-described embodiment, the five
detecting units 20, 22, 24, 26 and 28 are used, but, de-
pending on the situation, desired one or more of the five
detecting units may be used. When a single detecting
unit is used, the AND gate 30 need not be used. Although
the fuel saving mode selecting button 40 is used to supply
the fuel saving mode selecting signal to the AND gate
38, the fuel saving mode selecting button 40 together
with the AND gate 38 may be eliminated, but the output
of the timer 32 may be supplied directly to the PID con-
trolling apparatus 12, the switching control unit 19, and
the fuel saving mode indicator 42. Depending on the sit-
uation, the timer 32, the filter 16, the changeover switch
18 and the switching control unit 19 can be eliminated.
[0054] In the above-described embodiment, the PID
controlling apparatus 12 has been described to continue
the PID control in the fuel saving mode with the propor-
tional gain constant, the integration time and the differ-
entiation time set to values different from the respective
ones in the ordinary mode. The fuel saving mode may
be such that the PID control by the PID controlling appa-

ratus 12 is interrupted and the output value of the PID
controlling apparatus 12 developed immediately before
the interruption of the PID control is used as it is.

Claims

1. A method for controlling a ship engine, including an
ordinary mode in which an output value to be sup-
plied to fuel supply means is changed in accordance
with a difference between a set rotation rate set by
a ship operator and an actual rotation rate of the ship
engine, and a fuel saving mode in which said output
value is prevented from being changed or a width of
change per unit time of said output value is smaller
than in said ordinary mode, said fuel saving mode
being switched to said ordinary mode on a predeter-
mined condition.

2. The method for controlling a ship engine according
to Claim 1, wherein said predetermined condition is
that said actual rotation rate goes out of a range of
rotation rates set for safe navigation with oceano-
graphic phenomena and disturbances taken into ac-
count.

3. The method for controlling a ship engine according
to Claim 1, wherein said predetermined condition is
that the actual rotation rate decreases to or below a
rotation rate employed for operation on the open sea.

4. The method for controlling a ship engine according
to Claim 1, wherein said predetermined condition is
that said actual rotation rate increases to or above
a rotation rate set for preventing overspeed.

5. The method for controlling a ship engine according
to Claim 1, wherein said predetermined condition is
that said set rotation rate is changed by a ship op-
erator.

6. The method for controlling a ship engine according
to Claim 5, wherein said fuel saving mode is main-
tained when the amount of change of said set rotation
rate is within a range of fine adjustment.

7. The method for controlling a ship engine according
to Claim 1, wherein, when the difference between
said set rotation rate and the actual rotation rate in
the ordinary mode is within a first range, said ordinary
mode is switched to said fuel saving mode, and,
when the difference between said set rotation rate
and the actual rotation rate in the fuel saving mode
is greater than a second range, said fuel saving mode
is switched to said ordinary mode, said second range
being greater than said first range.

8. The method for controlling a ship engine according
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to Claim 1, wherein, when said ordinary mode is
switched to said fuel saving mode, said output value
is changed to an average value.

9. The method for controlling a ship engine according
to Claim 1, wherein a saving mode upper limit of said
output value is defined in said fuel saving mode.

10. The method for controlling a ship engine according
to any one of Claims 1 through 8, wherein propor-
tional-integral-derivative control is used in comput-
ing said output value, and, for said fuel saving mode,
a proportional gain constant used in the proportional
control of said proportional-integral-derivative con-
trol is multiplied by a proportion multiplier, an inte-
gration time used in the integral control of said pro-
portional-integral-derivative control is multiplied by
an integration multiplier, a differentiation time used
in the derivative control of the proportional-integral-
derivative control is multiplied by a differentiation
multiplier, to thereby prevent said output value from
being changed, or reduce the width of change per
unit time of said output value relative to the width of
change per unit time in the ordinary mode; and
wherein said respective multipliers are settable to
desired values.

11. A ship engine control system for use in said method
for controlling a ship engine according to Claim 1,
comprising:

arithmetic and logic operation means to which
a set rotation rate and an actual rotation rate are
inputted, said arithmetic and logic operation
means having an ordinary mode for computing,
from the difference between said set rotation
rate and said actual rotation rate, an output value
to be supplied to fuel supply means of said ship
engine;
said arithmetic and logic operation means hav-
ing a fuel saving mode in which said output value
is prevented from being changed, or the width
of change per unit time of said output value is
reduced relative to the width of change per unit
time in the ordinary mode, said arithmetic and
logic control means being switchable between
said ordinary mode and said fuel saving mode;
said control system further comprising monitor-
ing means for monitoring variations in said set
rotation rate or said actual rotation rate, and for
providing a release command when said set ro-
tation rate or said actual rotation rate goes out
of a predetermined range;
said arithmetic and logic control means being
switched to said ordinary mode in response to
said release command.

12. The ship engine control system according to Claim

11, wherein said monitoring means provides said re-
lease command when said actual rotation rate de-
creases to or below a rotation rate set for securing
the ship maneuverability.

13. The ship engine control system according to Claim
11, wherein said monitoring means provides said re-
lease command when said actual rotation rate de-
creases to or below a rotation rate employed for op-
eration on the open sea.

14. The ship engine control system according to Claim
11, wherein said monitoring means provides said re-
lease command when said actual rotation rate de-
creases to or below a rotation rate set for preventing
over speed.

15. The ship engine control system according to Claim
11, wherein said monitoring means provides said re-
lease command when said set rotation rate is
changed by a ship operator,

16. The ship engine control system according to Claim
11, wherein said monitoring means operates to
maintain said fuel saving mode when an amount of
change in said set rotation rate is within a range of
fine adjustment.

17. The ship engine control system according to Claim
11, wherein said monitoring means interrupts said
release command when the difference between said
set rotation rate and the actual rotation rate in the
ordinary mode is within a first range, said monitoring
means provides said release command when the
difference between said set rotation rate and the ac-
tual rotation rate in the fuel saving mode is greater
than a second range, said second range being great-
er than said first range.

18. The ship engine control system according to Claim
11, further comprising average value computing
means, and switching means for switching said out-
put value to said average value when said ordinary
mode is switched to said fuel saving mode.

19. The ship engine control system according to Claim
11, wherein said arithmetic and logic operation
means defines a saving mode upper limit for said
output value when the width of change of said output
value is made smaller in said fuel saving mode than
in said ordinary mode, and outputs said save mode
upper value when the computed output value ex-
ceeds said saving mode upper limit.

20. The ship engine control system according to Claim
11, wherein said arithmetic and logic operation
means comprises proportional-integral-derivative
control means for performing proportional-integral-
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derivative control; for said fuel saving mode, a pro-
portional gain constant used in the proportional con-
trol of said proportional-integral-derivative control is
multiplied by a proportion multiplier, an integration
time used in the integral control of said proportional-
integral-derivative control is multiplied by an integra-
tion multiplier, a differentiation time used in the de-
rivative control of the proportional-integral-derivative
control is multiplied by a differentiation multiplier, to
thereby prevent said output value from being
changed, or reduce the width of change per unit time
of said output value relative to the width of change
per unit time in the ordinary mode; and
wherein said respective multipliers are settable to
desired values.
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