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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method for controlling the fuel injection of a marine diesel engine and a
device therefor.

[0002] Providedthathigh-load andlow-load conditions periodically occur to marine diesel engines, the presentinvention
particularly relates to a method for controlling the fuel injection of a marine diesel engine and a device therefor, wherein
the fuel injection is controlled to properly match the loading condition of the marine diesel engine at the time of fuel
injection so that the rotational speed of the marine diesel engine can be kept constant.

Background Art

[0003] While navigating across the ocean, ships generally meet periodic resistance affected by waves and oscillation
of the hull. Consequently, the marine diesel engines are subject periodically to high-load and low-load conditions.
[0004] Fora ship, unlike aroad vehicle, keeping a constant rotational speed of the marine diesel engine during cruising
is more preferable for the engine to keeping a constant speed.

[0005] Conventionally, fuel injection control has been exercised to provide a constant rotational speed of a marine
diesel engine.

[0006] Fig. 3 shows a conventional fuel injection control device for a marine diesel engine.

[0007] As shown in Fig. 3, a conventional fuel injection control device 31 comprises a marine diesel engine 32 to be
controlled, a fuel injection valve open/close mechanism 33, and a fuel injection amount control mechanism 34.

[0008] The fuel injection control device 31 is provided in the proximity of a rotating shaft 35 of the marine diesel engine
32 and comprises a first sensor 36 for detecting the rotational speed of the marine diesel engine 32, and a second sensor
38 for detecting the opening (the travel distance of the piston of a liquid pressure cylinder 39, in actuality) of a fuel
injection valve 37 of the marine diesel engine 32.

[0009] The fuel injection valve open/close mechanism 33 comprises the liquid pressure cylinder 39 for driving the fuel
injection valve 37, a servo mechanism 42 for providing oil pressure switchably in separated chambers 41 formed on
both sides of the piston 40 of the liquid pressure cylinder 39, an oil pressure pump 43 for delivering pressurized oil, and
a driver 44 for inputting a controlling signal to the servo mechanism 42.

[0010] The oil pressure pump 43 is connected to the rotating shaft 35 of the marine diesel engine 32 and is driven by
a part of the dynamic force of the rotating shaft 35.

[0011] The oil pressure pump 43 is constantly rotated by the rotating shaft 35 of the marine diesel engine 32 and
allows over-pressurized oil to be released from a relief valve 45 back to a tank 46 when the rotational speed of the marine
diesel engine 32 is high.

[0012] The fuel injection amount control mechanism 34 comprises a first controller 47 for inputting a set rotational
speed of the marine diesel engine as a target rotational speed, and the rotational speed of the marine diesel engine 32
detected by the first sensor 36, and for outputting a primary control signal for a target opening of the fuel injection valve;
and a second controller 48 for inputting said primary control signal from the first controller 47, and a signal of the opening
of the fuel injection valve 37 from the second sensor 38, and for outputting a secondary control signal so as to match
the actual opening of the fuel injection valve 37 with the target opening of the fuel injection valve.

[0013] In the above conventional fuel injection control device 31, the first controller 47 inputs the set rotational speed
and the rotational speed of the marine diesel engine detected by the first sensor 36, compares them, and outputs the
primary control signal to reduce the opening of the fuel injection valve if the rotational speed of the marine diesel engine
is higher than the set rotational speed, or outputs the primary control signal to enlarge the opening of the fuel injection
valve if the rotational speed of the marine diesel engine is lower than the set rotational speed.

[0014] The above primary control signal is input to the servo mechanism 42 via the driver 44, and the servo mechanism
42 provides oil pressure in one of the separated chambers 41 of the liquid pressure cylinder 39 in response to the primary
control signal.

[0015] The second sensor 38 detects and inputs to the second controller 48 the travel distance of the piston of the
liquid pressure cylinder 39. The second controller 48 compares the opening of the fuel injection valve to a target fuel
injection amount and outputs to the driver 44 of the fuel injection valve open/close mechanism 33 the secondary control
signal to further open the fuel injection valve if the target opening of the fuel injection valve is not achieved, or outputs
the secondary control signal to narrow the fuel injection valve when the fuel injection valve is open wider than the target
opening of the fuel injection valve. As described above, in the conventional fuel injection control device for a marine
diesel engine, the loading condition of the marine diesel engine is detected by the rotational speed of the marine diesel



10

15

20

25

30

35

40

45

50

55

EP 1 816 332 B1

engine, and the rotational speed is increased by enlarging the opening of the fuel injection valve if the rotational speed
becomes low, or the rotational speed is limited by reducing the opening of the fuel injection valve if the rotational speed
becomes high.

[0016] However, since ships periodically meet resistance on the ocean and the marine diesel engines are subject to
periodic high-load and low-load conditions as previously described, with the above fuel injection control according to the
conventional art there have been occasions that the conditions were already changing to the low-load conditions when
the fuel injection valve was opened, or to the contrary the conditions were already changing to the high-load conditions
when the fuel injection valve was narrowed.

[0017] In other words, the conventional fuel injection control over the fuel injection amount is lagged behind the actual
loading condition of the marine diesel engine always providing belated fuel injection control, and the fuel efficiency is poor.
[0018] In addition, what is not preferable is the fact that shortage of the fuel injection amount despite the high-load
conditions in actuality and excess of the fuel injection amount despite the low-load conditions result in applying periodic
load on the components of the engine.

[0019] Moreover, the conventional art has various problems associated with the oil pressure pump being directly
connected to the rotating shaft of the marine diesel engine to be driven.

[0020] The conventional fuel injection control device is configured to allow the oil pressure pump some flexibility to be
driven so that the fuel injection valve can be opened when the rotational speed of the marine diesel engine is decreased.
[0021] Consequently, when the rotational speed of the marine diesel engine is increased, the oil pressure pump rotates
excessively and applies high pressure, and accordingly the oil is returned to the tank through the relief valve so that the
surplus pressure is escaped. That is, in the conventional fuel injection control device, the oil pressure pump periodically
rotates excessively, and as a result the oil is returned to the tank through the relief valve so that the surplus pressure is
escaped. As a consequence, not only the driving efficiency of the oil pressure pump is low, but also returning of high-
temperature oil to the tank leads to oil deterioration, and thus the size of the tank has been increased to suppress the
temperature rise.

[0022] In addition, the fuel mileage of the marine diesel engine is low because the rotating shaft of the marine diesel
engine constantly drives the oil pressure pump.

[0023] In view of the above problems of the conventional art, the present invention provides a fuel injection control
method and a fuel injection control device for a marine diesel engine, wherein the periodically-occurring high-load and
low-load conditions of the marine diesel engine are predicted and the control is exercised so as to match the loading
condition at the time point of fuel injection, in order to solve the problems.

[0024] In addition to realization of the above fuel injection control that matches the loading condition at the time point
of fuel injection, the fuel injection control device of a marine diesel engine is provided to solve the problems associated
with the above oil pressure pump being directly connected to the rotating shaft of the marine diesel engine.

[0025] In the Japanese Patent Laid-Open Application No. 62-26503/1987, the art of detecting the rotational speed of
a marine diesel engine and multiplying the control signal for the fuel injection valve 37 by a prescribed parameter
determined by said rotational speed is disclosed.

[0026] This art is provided, as a measure against the phenomenon of the excessive increase of the rotational speed
of a screw propeller which is being exposed above the sea surface and running idle when weather conditions are severe,
to limit the rotation of said screw propeller by said parameter.

[0027] Ina Japanese utility model application (Japanese Utility Model Registration No. 63-42836/1988), a fuel injection
amount adjusting device similar to the fuel injection valve open/close mechanism of the present invention is described.
[0028] JP62017345Adisclosesaspeedgovernor for ship engine designed to preventan abnormal rotational frequency
rise or useless speed governing from occurring due to a load fluctuation, by performing constant torque control or constant
output control on the supply of fuel to a main engine in a racing state.

[0029] EP-A-1286 033 discloses a method of operating an internal combustion engine as well as a start-up controller
in which a difference between an actual rotational speed and a calculated (model) speed is determined. In dependence
of the determined difference, an ignition angle and/or a cylinder charge is affected so as to minimize the speed difference.

SUMMARY OF THE INVENTION

[0030] Theinvention is characterized by the features of the independent claims. Further developments of the invention
are defined in the dependent claims.

[0031] In the fuel injection control method and the fuel injection control device for a marine diesel engine according
to the present invention, the fuel injection amount and the rotational speed of the marine diesel engine are measured a
prescribed number of times at prescribed time intervals, the measurements are input, and the relation between the fuel
injection amount and the rotational speed of the marine diesel engine is determined.

[0032] The relational expression for the fuel injection amount and the rotational speed of the marine diesel engine is:
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Y =G(y-nuj) (=k-L--k-n j=k--k-n)

Rotational speed of the marine diesel engine

Fuel injection amount

Time (time point) of the control to be applied

Number of times of the previous measurements of the rotational speed of the marine diesel engine and the fuel
injection amount to be used for the calculation at the time of the control to be applied.

Since the relational expression includes the relation between the fuel injection amount and the rotational speed of the
marine diesel engine obtained a prescribed number of times (n) before the time point of the control to be applied, the
control of the fuel injection amount can be exercised in consideration of the variable relation between the fuel injection
amount and the rotational speed of the marine diesel engine.

[0033] Thatis, according to the present invention, the control of the fuel injection amount can be exercised using the
relation between the fuel injection amount and rotational speed in the past so as to provide a constant rotational speed
at the time point of fuel injection to match the loading condition of the marine diesel engine. In this way, the control will
no longer be exercised in a manner of following after the variable loading conditions of the marine diesel engine, and
the control of the fuel injection amount can be exercised efficiently.

[0034] In other words, when the hull is making repetitive rolling and pitching motions during a steady operation at sea,
the condition of the screw propeller in the water is changed at constant time intervals (aging parameter), resulting in
loading variation and thereby change of the rotational speed of the marine diesel engine.

[0035] With the present invention, the above change of the rotational speed is measured for a predetermined time
period in relation to the fuel injection amount, the regularity of the change also being estimated, the subsequent variation
cycle is predicted, and thus the control can be exercised so as to always keep a constant rotational speedof the screw
propeller.

[0036] Because the fuel injection amount is properly controlled, NOx and SOx in the exhaust gas can be reduced.
According to the present invention, a set rotational speed of the marine diesel engine can be kept because of the optimal
fuel injection amount as described above.

[0037] In addition, according to the fuel injection control device of the present invention in which the fuel injection valve
open/close mechanism comprises: a liquid pressure cylinder, a check valve mechanism for providing oil pressure switch-
ably in separated chambers formed on both sides of a piston of said liquid pressure cylinder, a bidirectional pump with
a motor for delivering a pressurized fluid to said separated chambers via said check valve mechanism, and a driver for
controlling the operation of said bidirectional pump, the pump to provide oil pressure is separated from the rotating shaft
of the marine diesel engine, and the fuel injection amount can thus be controlled freely irrespective of the rotational
speed of the marine diesel engine.

[0038] Asaconsequence, the rotational speed of the marine diesel engine at the time of fuel injection can be predicted
to freely open or close the opening of the fuel injection valve as described above.

[0039] In addition, the oil pressure pump can be operated in response to the loading condition of the marine diesel
engine wherein the rotation of the oil pressure pump is increased when the rotation of the marine diesel engine is in a
decreased state or conversely the rotation of the oil pressure pump is decreased when the rotation of the marine diesel
engineisinanincreased state, and the pressurized oil from the oil pressure pump will no longer be returned unnecessarily
to the tank as in the conventional art.

[0040] According to the fuel injection control device of the present invention comprising a first controller and a second
controller, the difference between the control signal for the opening of the fuel injection valve and the actual opening of
the fuelinjection valve is reduced so that a constant rotational speed of the marine diesel engine can be kept more properly.
[0041] According to the present invention, the first controller inputs a set rotational speed of the marine diesel engine,
the accrual rotational speed of the marine diesel engine, and the actual opening of the fuel injection valve, and outputs
a primary control signal for the opening of the fuel injection valve.

[0042] That is, the first controller calculates the necessary opening of the fuel injection valve using the difference
between the set rotational speed and the actual rotational speed of the marine diesel engine, and outputs the primary
control signal using the difference between the calculated opening of the fuel injection valve and the actual opening of
the fuel injection valve.

[0043] The second controller inputs the above primary control signal for the opening of the fuel injection valve, and
the actual opening of the fuel injection valve, and outputs a secondary control signal for the opening of the fuel injection
valve.

[0044] That is, the second controller inputs the opening of the fuel injection valve required according to the primary
control signal, and the actual opening of the fuel injection valve, and outputs the secondary control signal so as to
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compensate the difference.

[0045] As a consequence, the control can be exercised in such a way that the difference between the opening of the
fuel injection valve required according to the control signal for the fuel injection valve and the actual opening of the fuel
injection valve is compensated, and a constant rotational speed of the marine diesel engine can be kept more properly
according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046]

Fig. 1 is a block diagram showing a configuration of the fuel injection control device for a marine diesel engine
according to one embodiment of the present invention.

Fig. 2 is a diagram showing a data example of the fuel injection amount stored by a first controller and the rotational
speed of the marine diesel engine.

Fig. 3 is a block diagram showing a configuration of a conventional fuel injection control device for a marine diesel
engine.

BEST EMBODIMENTS FOR REALIZING THE INVENTION

[0047] Embodiments of the present invention will be explained hereinafter.

[0048] Fig. 1 shows a configuration of the fuel injection control device for a marine diesel engine according to one
embodiment of the present invention.

[0049] A fuel injection control device 1 in Fig. 1 comprises a marine diesel engine 2 to be controlled, a fuel injection
valve open/close mechanism 3, and a fuel injection amount control mechanism 4.

[0050] As a sensor system, the fuel injection control device 1 is provided in the proximity of a rotating shaft 5 of the
marine diesel engine 2, and comprises a first sensor 6 for detecting the rotational speed of the marine diesel engine 2,
and a second sensor 8 for detecting the opening of a fuel injection valve 7 of the marine diesel engine 2. Preferably the
second sensor 8 is made to detect the opening of the fuel injection valve 7 indirectly by detecting the travel distance of
the piston of the liquid pressure cylinder of the fuel injection valve open/close mechanism 3 rather than detecting the
opening of the fuel injection valve 7 directly, as will be described later. The fuel injection valve open/close mechanism
3 comprises a liquid pressure cylinder 9 for driving the fuel injection valve 7; a check valve mechanism 12 for providing
oil pressure switchably in separated chambers 11 formed on both sides of a piston 10 of the liquid pressure cylinder 9;
a bidirectional pump 13 for delivering a pressurized working fluid to the separated chambers 11 via the check valve
mechanism 12; a motor 14 for driving the bidirectional pump 13; and a driver 15 for controlling the operation of the
bidirectional pump 13 and the motor 14.

[0051] Inthe presentembodiment, the second sensor 8 detects the travel distance of the piston 10 of the liquid pressure
cylinder 9 instead of directly detecting the opening of the fuel injection valve 7.

[0052] In the check valve mechanism 12, two check valves 16 and 17 are positioned, a pipe linking therebetween, so
that the flow direction allowed by each valve is opposite to each other, and another pipe is provided to direct the working
fluid, flown out to the former pipe, to a tank 18.

[0053] From the pipeline on the upstream side of one of the check valves 16 and 17 to the other check valve, pipes
19 and 20 are provided respectively to direct the pressurized fluid to push up (open) the other check valve.

[0054] The fuel injection amount control mechanism 4 comprises: a first controller 21 for inputting a set rotational
speed of the marine diesel engine as a target rotational speed, the rotational speed of the marine diesel engine 2 detected
by the first sensor 6, and the data of the opening of the fuel injection valve 7 detected by the second sensor 8, and for
outputting a primary control signal for a target opening of the fuel injection valve; and a second controller 22 for inputting
said primary control signal from the first controller 21, and a signal of the opening of the fuel injection valve 7 from the
second sensor 8, and outputting a secondary control signal so as to match the actual opening of the fuel injection valve
7 with the target opening of the fuel injection valve.

[0055] The control exercised by the secondary control signal in addition to the primary control signal allows the opening
of the fuel injection valve to be exactly matched with the target opening of the fuel injection valve by the second sensor
8 detecting the actual travel distance of the piston of the liquid pressure cylinder 9, whereas if the primary control signal
inputs to the driver 15 of the fuel injection valve open/close mechanism 3 the target fuel injection amount, i.e. the control
signal for the opening of the fuel injection valve 7, it would be difficult to control the exact opening of the fuel injection
valve 7 solely by the rotation of the bidirectional pump 13.

[0056] The operation of the fuel injection valve open/close mechanism 3 is as follows.

[0057] The control signal from the driver 15 allows the motor 14 to run, such as starting, stopping, and rotating in the
normal/reverse direction. Here an explanation will be made by exemplifying the case where the pressurized working
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fluid is delivered to the upper chamber of the separated chambers 11 of the liquid pressure cylinder 9 in Fig. 1. The
bidirectional pump 13 is driven by the motor 14 to draw the working fluid from the tank 18 and deliver the pressurized
working fluid to the pipe system on the upstream side of the check valve 16. From the pipe system on the upstream side
of the check valve 16, the pressurized working fluid flows into the upper chamber of the separated chambers 11 of the
liquid pressure cylinder 9 and pushes down the piston 10. The pressurized working fluid in the pipe system on the
upstream side of the check valve 16 is made to pass at the same time through the pipe 19 and push up the valve body
of the check valve 17 to open the check valve 17. With the piston 10 being pushed down, the working fluid in the lower
chamber of the separated chambers 11 of the liquid pressure cylinder 9 flows out to the pipe system on the upstream
side of the check valve 17. Since the check valve 17 is open, the working fluid which has flowed out to the pipe system
on the upstream side of the check valve 17 flows out to the tank-18 through the check valve 17.

[0058] The reverse of the above operations takes place in the case where the pressurized working fluid is delivered
to the lower chamber of the separated chambers 11 of the liquid pressure cylinder 9.

[0059] By the travel of the piston 10, the fuel injection valve 7 is opened or closed via the rod of the piston 10.
[0060] Explained next is the fuel injection control, i.e. a method for controlling the fuel injection so as to match the
loading condition of the marine diesel engine at the time of fuel injection, according to the present invention.

[0061] The fuel injection control device 1 measures the fuel injection amount and the rotational speed of the marine
diesel engine a prescribed number of times at prescribed time intervals and inputs the measurements. The data of the
aforementioned fuel injection amount and rotational speed of the marine diesel engine are collected by the first sensor
6 and the second sensor 8. The data of the fuel injection amount and the rotational speed of the marine diesel engine
are corresponded to each other, as shown in Fig. 2 for example, and stored in a storage device, not shown, of the first
controller 21.

[0062] The relation between the fuel injection amount, u, and the rotational speed of the marine diesel engine, vy, is
expected to satisfy the following formula.

Ve =GLu) G=k-Ll-k—n j=k- k—n)

Rotational speed of the marine diesel engine

Fuel injection amount

Time (time point) of the control to be applied

Number of times of the previous measurements of the rotational speed of the marine diesel engine and the fuel
injection amount to be used for the calculation at the time of the control to be applied

The above relational expression G shows that the rotational speed of the marine diesel engine at the time (time point)
of control to be applied is defined by the previous rotational speed of the marine diesel engine, the fuel injection amount
in the past, and the fuel injection amount at present.

[0063] Atthis point, the following relational expression is expected to represent an example of the relational expression
G.

Ve SO ¥ QY ot bouy + By A byu, e

ap, b,: Coefficients

[0064] By determining the coefficients a, b, the rotational speed of the marine diesel engine due to the fuel injection
amount at present can be determined.

[0065] The coefficients a, b not only depend on the marine diesel engine but also change according to the loading
conditions of the marine diesel engine. Accordingly, the first controller 21 of the fuel injection control device 1 calculates
the above coefficients a, b while inputting the fuel injection amount and the rotational speed of the marine diesel engine
as needed.

[0066] By assigning the fuel injection amount, u, and the rotational speed, y, of the marine diesel engine, shown in
Fig. 2, to the above relational expression, a plurality of expressions,
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Ve ZO0 Yy ¥ Oy Ypq +ooe b, + by, e
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are obtained as time passes. From these expressions, a matrix,

Vea | | Ve Yoo vty oo
Y - * = k- 4- } - X A
[Vesz | Yo Ve oo iz Uy " 1 By |

is obtained. After sufficient time passes, the coefficient matrix A is determined as follows.
A=X"X)'X"Y

[0067] Once the coefficient matrix A is determined, the relation between the fuel injection amount at present and the
rotational speed of the marine diesel engine due to the fuel injection amount at present is obtained from the expression,

VAL PR P S AR LU e

and by designating the rotational speed of the marine diesel engine as a set rotational speed as a target, the injection
amount that should be injected at present is determined.

[0068] According to the present invention, an appropriate fuel amount for the loading condition of the marine diesel
engine at the time of fuel injection can be injected by exercising the fuel injection amount control that will no longer be
lagged behind the actual loading condition of the marine diesel engine as the conventional fuel injection control is, and
the rotational speed of the marine diesel engine can be efficiently kept at a target rotational speed, and also unstable
behaviors of the engine caused by opening and closing the fuel injection valve behind the actual loading condition can
be prevented. Because a proper amount of fuel can be injected, NOx and SOx in the exhaust gas from a marine diesel
engine can be reduced according to the present invention.

[0069] In addition, the oil pressure pump of the fuel injection valve open/close mechanism can be driven with a proper
dynamic force due to the oil pressure pump of the fuel injection valve open/close mechanism being separated from the
rotating shaft of the marine diesel engine, and returning of the working fluid from the relief valve back to the tank in order
to release a surplus pressure as in the conventional fuel injection control devices can be prevented, and also compac-
tification of fuel injection control devices can be achieved, according to the present invention.

Claims

1. A method for controlling the fuel injection of a marine diesel engine comprising:
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a step of measuring the fuel injection amount and the rotational speed of the marine diesel engine a prescribed
number of times at prescribed time intervals and inputting the measurements,

a step of finding the expression satisfying the relation between the fuel injection amount and the rotational speed
of the marine diesel engine measured in said prescribed number of times;

a step of calculating the fuel injection amount (u,) that should be injected at present according to said expression
when the rotational speed of the marine diesel engine is set to a constant rotational speed, and

a step of controlling the opening of the fuel injection valve of the marine diesel engine so as to match said
calculated fuel injection amount at present, characterized in that said expression is provided by said

=&Y, . +a ek - '
Ve =@y, tayy, , + +b,n,, +hu, +hu, , 4o

y: Rotational speed of the marine diesel engine

u: Fuel injection amount

k: Time (time point) of the control to be applied

n: Number of times of the previous measurements of the rotational speed of the marine diesel engine and
the fuel injection amount to be used for the calculation at the time of the control to be applied,

ap,, b,: coefficients,

wherein coefficients a,,, b, are determined by assigning previous measurements of the rotational speed y,_4, ...,
Yk.n Of the marine diesel engine and the fuel injection amount uy,...,u,_, to said expression.

2. Afuel injection control device for a marine diesel engine comprising:
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a fuel injection valve open/close mechanism for opening and closing a fuel injection valve of the marine diesel
engine,

a fuel injection amount control mechanism for controlling the operation of said fuel injection valve open/close
mechanism,

a first sensor for detecting the rotational speed of said marine diesel engine, and

a second sensor for detecting the opening of said fuel injection valve, wherein

said fuel injection amount control mechanism inputs said rotational speed of the marine diesel engine and said
opening of the fuel injection valve from said first sensor and said second sensor respectively at prescribed time
intervals,

said fuel injection amount control mechanism finds the expression satisfying the relation between the rotational
speed of th marine diesel engine measured at a prescribed number of times and the opening of the fuel injection
valve, characterized in that said expression is

Yy TS T Yy Pt b, v Bu, By, e

y: Rotational speed of the marine diesel engine

u: Fuel injection amount

k: Time (time point) of the control to be applied

n: Number of times of the previous measurements of the rotational speed of the marine diesel engine and
the fuel injection amount to be used for the calculation at the time of the control to be applied,

wherein the fuel injection amount control mechanism determines coefficients a,, b, by assigning previous
measurements of the rotational speed y,_1, ....,Yx., of the marine diesel engine and the fuel injection amount
Uy,...,Ux., to said expression,

calculates the fuel injection amount (u,) that should be injected at present when the rotational speed of the
marine diesel engine in said expression is set to a constant rotational speed, and

controls said fuel injection valve open/close mechanism so as to match the calculated fuel injection amount at
present.

3. Afuelinjection control device for a marine diesel engine according to Claim 2 characterized in that said fuel injection
valve open/close mechanism comprises:
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a liquid pressure cylinder for driving the fuel injection valve,

a check valve mechanism for providing oil pressure switchably in separated chambers formed on both sides of
a piston of said liquid pressure cylinder,

a bidirectional pump with a motor for delivering a pressurized fluid to said separated chambers via said check
valve mechanism, and

a driver for controlling the operation of said bidirectional pump.

4. Afuel injection control device for a marine diesel engine according to Claim 2 or 3 characterized in that said fuel
injection amount control mechanism comprises:

a first controller for inputting a set rotational speed of the marine diesel engine as a target rotational speed, the
rotational speed of the marine diesel engine detected by said first sensor, and the data of the opening of the
fuel injection valve detected by said second sensor, and for outputting a primary control signal for a target
opening of the fuel injection valve, and

a second controller for inputting said primary control signal from the first controller, and a signal of the opening
of the fuel injection valve from said second sensor, and outputting a secondary control signal so as to match
the opening of the fuel injection valve with the target opening of the fuel injection valve.

Patentanspriiche

Verfahren zur Steuerung der Kraftstoffeinspritzung eines Schiffsdieselmotors, das umfasst:

einen Schritt zum Messen der Kraftstoffeinspritzmenge und der Drehzahl des Schiffsdieselmotors eine vorge-
schriebene Anzahl von Malen in vorgeschriebenen Zeitintervallen und Einspeisen der Messungen,

einen Schritt zum Ermitteln des Ausdrucks, den die Beziehung zwischen der Kraftstoffeinspritzmenge und der
Drehzahl des Dieselschiffsmotors erfillt, die in der vorgeschriebenen Anzahl von Malen gemessen werden;
einen Schritt zum Berechnen der Kraftstoffeinspritzmenge (u,), die aktuell eingespritzt werden sollte, gemaf
dem Ausdruck, wenn die Drehzahl des Dieselschiffsmotors auf eine konstante Drehzahl festgelegt ist, und
einen Schritt zum Steuern der Offnung des Kraftstoffeinspritzventils des Dieselschiffsmotors, so dass sie der
aktuell berechneten Kraftstoffeinspritzmenge entspricht, dadurch gekennzeichnet, dass der Ausdruck gege-
ben ist durch:

Yk = @1Yk-1 * @2Y¥k-2 * ... + bouk + bquk_q +bouk. o + ...

y: Drehzahl des Dieselschiffsmotors

u: Kraftstoffeinspritzmenge

k: Zeit (Zeitpunkt), zu der Steuerung angewendet wird

n: Anzahl der Male vorhergehender Messungen der Drehzahl des Dieselschiffsmotors und der Kraftstof-
feinspritzmenge, die fir die Berechnung der Zeit der Steuerung, die angewendet werden soll, verwendet
werden soll,

ap,, b,: Koeffizienten,

wobei die Koeffizienten a,, b,, durch Zuordnen vorhergehender Messungen der Drehzahl y, 4, ..., Y|, des
Dieselschiffsmotors und der Kraftstoffeinspritzmenge u,, ..., u,_, an diesen Ausdruck bestimmt werden.

2. Kraftstoffeinspritzsteuervorrichtung firr einen Dieselschiffsmotor, die umfasst:

einen Kraftstoffeinspritzventilffnungs-/SchlieRmechanismus zum Offnen und SchlieRen eines Kraftstoffein-
spritzventils des Dieselschiffsmotors,

einen Kraftstoffeinspritzmengen-Steuermechanismus zum Steuern des Betriebs des Kraftstoffeinspritzventil-
6ffnungs-/SchlieBmechanismus,

einen ersten Sensor zum Erfassen der Drehzahl des Dieselschiffsmotors, und

einen zweiten Sensor zum Erfassen der (")ffnung des Kraftstoffeinspritzventils, wobei

der Kraftstoffeinspritzmengen-Steuermechanismus die Drehzahl des Dieselschiffsmotors und die Offnung des
Kraftstoffeinspritzventils von dem ersten Sensor und dem zweiten Sensor jeweils in vorgeschriebenen Zeitin-
tervallen einspeist,
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wobei der Kraftstoffeinspritzmengen-Steuermechanismus den Ausdruck ermittelt, den die Beziehung zwischen
der Drehzahl des Dieselschiffsmotors, die eine vorgeschriebene Anzahl von Malen gemessen wird, und der
Offnung des Kraftstoffeinspritzventils erfiillt, dadurch gekennzeichnet, dass der Ausdruck gegeben ist durch:

Yk = @1Yk-1 + @2yk-2 + ... + bouk + bquk_1 + bougo + ...

y: Drehzahl des Dieselschiffsmotors

u: Kraftstoffeinspritzmenge

k: Zeit (Zeitpunkt), zu der Steuerung angewendet wird

n: Anzahl der Male vorhergehender Messungen der Drehzahl des Dieselschiffsmotors und der Kraftstof-
feinspritzmenge, die fir die Berechnung der Zeit der Steuerung, die angewendet werden soll, verwendet
werden soll,

wobei der Kraftstoffeinspritzmengen-Steuermechanismus Koeffizienten a,, b, durch Zuordnen vorherge-
hender Messungen der Drehzahl y,_4, ..., yi., des Dieselschiffsmotors und der Kraftstoffeinspritzmenge
Uy, ..., Uy an diesen Ausdruck bestimmt,

die Kraftstoffeinspritzmenge (u), die aktuell eingespritzt werden sollte, wenn die Drehzahl des Diesel-
schiffsmotors in dem Ausdruck auf eine konstante Drehzahl festgelegt ist, berechnet und

den Kraftstoffeinspritzventil6ffnungs-/SchlieRmechanismus steuert, um der aktuell berechneten Kraftstof-
feinspritzmenge zu entsprechen.

Kraftstoffeinspritzvorrichtung fir einen Dieselschiffsmotor nach Anspruch 2, dadurch gekennzeichnet, dass der
Kraftstoffeinspritzventiléffnungs-/SchlieRmechanismus umfasst:

einen Flussigkeitsdruckzylinder zum Antreiben des Kraftstoffeinspritzventils,

einen Riickschlagventilmechanismus zum schaltbaren Bereitstellen des Oldrucks in getrennten Kammern, die
auf beiden Seiten eines Kolbens des Flissigkeitsdruckzylinders ausgebildet sind,

eine Zweirichtungspumpe mit einem Motor, um ein unter Druck stehendes Fluid iber den Rickschlagventiime-
chanismus an die getrennten Kammern zu liefern, und

eine Ansteuerung zum Steuern des Betriebs der Zweirichtungspumpe.

4. Kraftstoffeinspritzsteuervorrichtung fir einen Dieselschiffsmotor nach Anspruch 2 oder 3, dadurch gekennzeichnet,
dass der Kraftstoffeinspritzmengen-Steuermechanismus umfasst:

eine erste Steuerung zum Einspeisen einer festgelegten Drehzahl des Dieselschiffsmotors als eine Zieldrehzahl,
wobei die Drehzahl des Dieselschiffsmotors von dem ersten Sensor erfasst wird, und der Daten der (")ffnung
des Kraftstoffeinspritzventils, die von dem zweiten Sensor erfasst werden, und zum Ausgeben eines primaren
Steuersignals flr eine Ziel6ffnung des Kraftstoffeinspritzventils, und

eine zweite Steuerung zum Einspeisen des primaren Steuersignals von der ersten Steuerung und eines Signals
der Offnung des Kraftstoffeinspritzventils von dem zweiten Sensor und Ausgeben eines sekundéren Steuersi-
gnals, um die Offnung des Kraftstoffeinspritzventils auf die Ziel6ffnung des Kraftstoffeinspritzventils abzustim-
men.

Revendications

Procédé de commande de l'injection de carburant d’'un moteur diesel marin comprenant :

une étape consistant & mesurer la quantité d’injection de carburant et la vitesse de rotation du moteur diesel
marin un nombre de fois prescrit a des intervalles de temps prescrits et entrer les mesures,

une étape consistant a trouver I'expression satisfaisant la relation entre la quantité d’injection de carburant et
la vitesse de rotation du moteur diesel marin mesurées lors dudit nombre de fois prescrit ;

une étape consistant a calculer la quantité d’injection de carburant (u,) qui devrait actuellement étre injectée
en fonction de ladite expression lorsque la vitesse de rotation du moteur diesel marin est réglée sur une vitesse
de rotation constante, et

une étape consistant a commander I'ouverture de la soupape d’injection de carburant du moteur diesel marin
de maniére a coincider avec ladite quantité d'irijection de carburant calculée actuellement, caractérisé en ce
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que ladite expression est fournie par

Yk = a1Yk-1Ta2yk2+. .. Fhougtbiue (+bouo+. ..

y : vitesse de rotation du moteur diesel marin

u : quantité d’injection de carburant

k : moment (point dans le temps) de la commande devant étre appliquée n : nombre de fois des mesures
précédentes de la vitesse de rotation du moteur diesel marin et de la quantité d’injection de carburant devant
étre utilisées pour le calcul au moment de la commande devant étre appliquée, a,,, b,, : coefficients,

dans lequel les coefficients a,,, b, sont déterminés en attribuant des mesures précédentes de la vitesse de
rotation yy_1, ..., Y., du moteur diesel marin et de la quantité d’injection de carburant uy, ..., u,_, a ladite expres-
sion.

2. Dispositif de commande d’injection de carburant pour un moteur diesel marin comprenant :

un mécanisme d’ouverture/fermeture de soupape d’injection de carburant pour ouvrir et fermer une soupape
d’injection de carburant du moteur diesel marin,

un mécanisme de commande de quantité d’injection de carburant pour commander I'opération dudit mécanisme
d’ouverture/fermeture de soupape d’injection de carburant,

un premier capteur pour détecter la vitesse de rotation dudit moteur diesel marin, et

un second capteur pour détecter I'ouverture de ladite soupape d’injection de carburant, dans lequel

ledit mécanisme de commande de quantité d’injection de carburant entre ladite vitesse de rotation du moteur
diesel marin et ladite ouverture de la soupape d’injection de carburant depuis ledit premier capteur et ledit
second capteur, respectivement, a des intervalles de temps prescrits,

ledit mécanisme de commande de quantité d’injection de carburant trouve I'expression satisfaisant la relation
entre la vitesse de rotation du moteur diesel marin mesurée lors d’'un nombre de fois prescrit et 'ouverture de
la soupape d’injection de carburant, caractérisé en ce que ladite expression est y, = aqy,_q+asyx.o+...
+boutbqu 4 +bou ot ...

y : vitesse de rotation du moteur diesel marin

u : quantité d’injection de carburant

k : moment (point dans le temps) de la commande devant étre appliquée

n : nombre de fois des mesures précédentes de la vitesse de rotation du moteur diesel marin et de la quantité
d’injection de carburant devant étre utilisées pour le calcul au moment de la commande devant étre appliquée,
dans lequel le mécanisme de commande de quantité d’injection de carburant détermine des coefficients a,,
b, en attribuant des mesures précédentes de la vitesse de rotation y,_4, ..., Y., du moteur diesel marin et de
la quantité d’injection de carburant uy, ..., u,_, & ladite expression,

calcule la quantité d’injection de carburant (u,) qui devrait actuellement étre injectée lorsque la vitesse de
rotation du moteur diesel marin dans ladite expression est réglée sur une vitesse de rotation constante, et
commande ledit mécanisme d’ouverture/fermeture de soupape d’injection de carburant de maniére a coincider
avec la quantité d’injection de carburant calculée actuellement.

Dispositif de commande d’injection de carburant pour un moteur diesel marin selon la revendication 2, caractérisé
en ce que ledit mécanisme d’ouverture/fermeture de soupape d’injection de carburant comprend :

un cylindre de pression de liquide pour entrainer la soupape d’injection de carburant,

un mécanisme de soupape antiretour pour fournir de la pression d’huile de maniére commutable dans des
chambres séparées formées des deux cotés d’un piston dudit cylindre de pression de liquide,

une pompe bidrectionnelle avec un moteur pour fournir un fluide pressurisé auxdites chambres séparées par
le biais dudit mécanisme de soupape antiretour, et

un dispositif d’entrainement pour commander I'opération de ladite pompe bidirectionnelle.

4. Dispositif de commande d’injection de carburant pour un moteur diesel marin selon la revendication 2 ou 3, carac-
térisé en ce que ledit mécanisme de commande de quantité d’injection de carburant comprend :

un premier contréleur pour entrer une vitesse de rotation réglée du moteur diesel marin comme vitesse de
rotation cible, la vitesse de rotation du moteur diesel marin détectée par ledit premier capteur et les données
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de l'ouverture de la soupape d’injection de carburant détectée par ledit second capteur, et pour émettre un
signal de commande primaire pour une ouverture cible de la soupape d'’injection de carburant, et

un second contréleur pour entrer ledit signal de commande primaire provenant du premier controleur et un
signal de l'ouverture de la soupape d’injection de carburant provenant dudit second capteur, et émettre un
signal de commande secondaire de maniére a faire coincider 'ouverture de la soupape d’injection de carburant
avec l'ouverture cible de la soupape d’injection de carburant.
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