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METHOD AND APPARATUS FOR DIAGNOSING A FUEL PRESSURE SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a control device and control method for an
internal combustion engine, which execute engine operation control on the basis of a fuel

pressure detected by a pressure sensor.

2. Description of Related Art

} [0002] A fuel supply system is connected to an internal combustion engine. The
fuel supply system is formed of a supply passage through which high-pressure fuel is
supplied, a fuel injection valve connected to the supply passage, and the like. In addition,
a pressure sensor for detecting a fuel pressure inside the fuel supply system is assembled to
the internal combustion engiﬁe. Control associated with fuel injection (injection amount
control and injection pressure control) is executed on the basis of an engine operating state
including the fuel pressure that is detected By the pressure sensor. By so doing, the
amount of fuel that is injected from the fuél injection valve and the fuel pressure inside the
fuel supply system (fuel injection pressure) are adjusted on the basis of the engine
operating state each time.

[0003] If there occurs an abnormality in the pressure sensor, it may lead to a
decrease in the accuracy of adjusting the fuel injection amount or the fuel injection
pressure. Therefore, there is suggested a device that, at the time of an abnormality of the
pressure sensor, executes a process of limiting the power of an internal combustion engine
(power limiting process) as fail-safe control for the abnormality (for example, see Japanese

Patent Application Publication No. 2008-128307 (JP 2008-128307 A)).

CONFIRMATION COPY
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[0004] There is also suggested a device, or the like, in which a pressure sensor
for detecting a fuel pressure in a fuel supply system is provided cylinder by cylinder in an
internal combustion engine. In the device, the fuel pressure detected by each of the
pfessure sensors is used in injection amount control or injection pressure control.

[0005] In the device in which the plurality of pressure sensors are installed in
the fuel supply system, if the power limiting process is merely executed when there is an
abnormality in any one of the pressure sensors, the power limiting process may be
unnecessarily executed. That is, it may enter a situation that the power limiting process is
unnecessarily -executed although it is possible to accurately execute injection amount
control or injeétion pressure control on the basis of the fuel pressure detected by each
normal pressure sensor having no abnormality at this time. Such a situation may lead to
an unnecessary decrease in the powervcharacteristic of the internal combustion engine, so it

is not desirable.

SUMMARY OF THE INVENTION

[0006]  The invention provides a control device and control method for an internal
combustion engine, which are able to appropriately execute fail-safe control at the time of
an abnormality in a pressure sensor. |

[0007] A first aspect of the invention provides a control device for an internal
combustion engine. The control device includes: a plurality of pressure sensors, each of
which detects a fuel pressure in a fuel supply system; a first processing unit that executes a
first determination process that determines whether there is an abnormality in the plurality
of pressure sensors; a second processing unit connected to two or more pressure sensors
which are a part of the plurality of pressure sensors, executes a second determination
process that determines whether there is an abnormality in the two or more pressure
sensors, and executes a control process associated with fuel injection based on detected
values of the two or more pressure sensors; and a controller that.is formed of the first
processing unit and the second processing unit. The controller is configured to execute a

power limiting process for limiting engine power when the number of the pressure sensors
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determined to be normal in the second determination process is smaller than or equal to
one, and, when only one pressure sensor is determined to be normal in the second
determination process and when the pressure sensor determined to be normal and one of
the pressure sensors connected to only the first processing unit are determined to be normal
in the first determination process, the controller is configured to execute the control
process on the basis of the detected value of the pressure sensor determined to be normal in
the second determination process, and to reducev’ a degree of limiting engine power through
the power limiting process compared with when all the pressure sensors connected to only
the first processing unit are determined to be abnormal in the first determination process. |
[0008] In the above device, in the second deterrhination process made by the
second processing unit, the plurality of pfessure sensors that detect a fuel pressure in the>

same fuel supply system are monitored, and, on the condition that two or more of those

| pressure sensors are determined to be normal, it is determined that the detected values of

those pressure sensors determined to be normal are highly reliable values. When the
number of pressure sensors determined to be normal in fhe second determination process is
smaller than or equal to one, it is determined that the reliability of the detected value of
each pressure sensor is low, and the power limiting process is executed as fail-safe control.
[0009] In the above device, when it enters a situation that only one of the
pfessure sensors connected to the second processing unit is determined to be normal in the
second determination proceés, that is, a situation that if is determined that the reliability of v
the detected value of each pressure sensor is low through the second deterrmination process,
the determination result of the first determination process made by the first processing unit
is referenced. When it is confirmed that the pressure sensor determined to be normal in
the second determination process and the pressure sensor connected to only the first
pfocessing unit between the processing units are determined to be normal in the first
determination process, it is determined that the detected value of the pressure sensor
determined to be normal in the second determination process is a highly reliable value, and
the control process associated with fuel injection based on that detected value is executed.

By so doing, the control process is highly accurately executed by the second processing
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unit.
[0010] At this time, because the control process is accurately executed, it may be
understood that there is a small request to execute fail-safe control, specifically, a small

request to limit engine power. Therefore, in the above device, in comparison with the

~case where all the pressure sensors connected to only the first processing unit between the

processing units are determined to be abnormal in the first determination process, that is,
the case where there is a high request to limit engine power, the degree of limiting engine
power through the power limiting process is set to a smaller degree. By so doing, an
unnecessary reduction in engine power is suppressed, so it is possible to suppress an
uhnecessary decrease in the power performance of the internal combustion engine.

[0011] With the above device, even when it is determined through the second
determination process made by the second processing unit that the reliability of the
detected value of the pfessure sensor is low, but when it is confirmed through the first
determination process made by the first processing unit that the reliability of the detected
value of that pressure sensor is high, it is possible to execute the control process associated
with fuel injection on the basis of that detected value and to suppress the degree of limiting
engine power to a lesser degree. - Thus, it is possible to appropriately execute fail-safe
control at the time of an abnomality in the pressure sensors.

[0012] In the control device for an internal combustion- engine, the internal
combustion engine may include three or more cylinders, and the pressure sensors may be
respectively provided for the cylinders of the internal combustion engine one by one, the
first processing unit may be connected to all the pressure sensors and may execute a
process associated with injection amount control based on the detected values of those
pressure sensors, and the second processing unit may be connected to two of the pressure
sensors and may execute a process associated with injection pressure control based on the
detected values of those pressure sensofs as the control process.

[0013]  In the control device for an internal combustion engine, the controller may
reduce the degree of limiting the engine power by prohibiting limiting the engine power

through the power limiting process. With the above device, it is possible to favorably
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suppress an unnecessary decrease in the power performance of the internal combustion
engine. ‘

[0014]  In the control device for an internal combustion engine, the controller may
increase the degree of limiting the engine power in the power limiting process when there
is no pressure sensor determined to be normal in the second determination process as
compared with when only one of the pressure sensors is determined to be normal in the
second determination process.

[0015) When all the pressure sensors connected to the second processing unit
are determined to be abnormal in the second determination process, it is not possible to
execute the control process using the detected values of these pressure seﬁsors, in other
words, in a manner based on the fuel pressure in the fuel supply system. Therefore, in
comparison with the case where any one of the pressure sensors is determined to be normal
iﬁ the second determination process, this tends to lead to a decrease in the accuracy of
executing the control process, and'thefe is a large request to limit engine power. With the
above device, because it is possible to ingrease the degree of limiting engine power in the
case where all the two pfessure sensors are determined to be abnormal in the second
determination process, it is possible to reliably obtain the effect of fail-safe control.

- [0016] Ini the control device for an internal combustion engine, when a
dvetermination result made in the first determination process does not agree with a
determination result made in the second determination process, the controller may
determine that there is an abnormalAitVy in an electronic control unit that incorporates the
first processing unit and the second processing unit.

[0017] When there occurs an abnormality in the pressure sensor (specifically, the

sensor element or wire), an abnormal signal is input to each of the first processing unit and

the second processing unit. So it is determined to be abnormal in both the first

determination process and the second determination process that the pressure sensor is
abnormal. In this way, the determination results of those determination processes agree.
with each other. In contrast to this, when there is an abnormality in the electronic control

unit that incorporates the first processing unit and the second processing unit, even when
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substantially the same signal is input from the pressure sensor to each of the first
processing unit and the second processing unit, the determination result of the first
determination process may not agree with the determination result of the second
determination process. With the above device, on the condition that the determination
result of the first determination process does not agree with the determination result of the
second determination process, it is possible to deterrr‘line‘ that there is an abnormality in the
électronic control unit. | |

[0018] A second aspect of the invention provides a control method for an internal
combustion engine that includes: a plurality of pressure sensors, each of which detects a
fuel pressure in a fuel supply system; a first processing unit that is connected to the
plurality of pressure sensors and that determines whether there is an abnormality in the
plurality of pressure sensors; a second processing unit that is connected to at least two or
more pressure sensors, which are part of the plurality of pressure sensors, that executes a
control process associated with fuel injection based on detected values of the at least two
or more pressure sensors and that determines whether there is an abnormality in the at least
two or more pressure sensors. The control method includes: executing a power limiting
process for limiting engine power when the number of the pressure sensors determined to
be normal is smaller than or equal to one among the at least two or more pressure sensors
connected to the second processing unit; and executing the control procéss on the basis of
the detected value of the normal one of the at least two pressure sensors connected to the
second processing unit when only one of the at least two or more pressure Sensors

connected to the second processing unit is normal and one of the pressure sensors

~ connected to ohly the first processing unit is normal, and reducing a degree of limiting

engine power through the power limiting process as compared with when all the pressure

sensors connected to only the first processing unit are abnormal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]  Features, advantages, and technical and industrial significance of

exemplary embodiments of the invention will be described below with reference to the
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accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic view that shows the schematic configuration of a control device
for an internal combustion engine according to an example embodiment of the invention;

| FIG. 2 is a cross-sectional view that shows the cross-sectional structure of a fuel

injection valve according to the embodiment;

FIG. 3 is a time chart that shows‘an example of a basic temporal waveform according
to the embodiment;

FIG 4 is a schemati_c view that shows a manner in which an electronic control unit
according to the embodiment is connected to each fuel injection valve;

FIG 5 is a flowchart that shows the procedure of executing an abnormal state
determination process according to the embodiment;

FIG. 6 is a flowchart that shows the procedure of an execution mode selecting process
according to the embodiment; and

FIG. 7 is a table that shows the relationship among an execution mode, an execution
manner of injection pressure control and an execution manner of a power limiting process

according to the embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020]  Hereinafter, a control device for an internal combustion engine according
to an example embodiment of the invention will be described. As shown in FIG. 1, an
intake passage 12 is connected to each cylinder 11 of an internal combustion engine 10.
Air is taken into each cylinder 11 of the internal combustion engine 10 via the intake
passage 12. A diesel engine that includes a plurality of (four [#1 to #4] in the present
embodiment) the cylinders 11 is employed as the internal combustion engine 10. A direct
injection-type fuel injection valve 20 is assembled to the internal combustion engine 10 in
correspondence with each cylinder 11 (#1 to #4). Each fuel injection valve 20 directly
injects fuel into the corresponding cylinder 11. | Fuel injected through valve opening
operation of each fuel injection valve 20 contacts compressed and heated intake air inside

the corresponding cylinder 11 of the internal combustion engine 10, and then ignites and
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combusts. In the internal combustion engine 10, a piston 13 is pushed downward by
energy that is generated as a result of combustion of fuel in the corresponding cylinder 11,
and a crankshaft 14 that serves as an engine output shaft is forcibly rotated. Combustion
gas combusted in each cylinder 11 of the internal combusfion engine 10 is emitted to an
exhaust passage 15 of the internal combustion engine 10 as exhaust gas.

[0021] Each fuel injection valve 20 is connected to a common rail 34 via a
corresponding branch passage 31a. The common rail 34 is connected to a fuel tank 32 via
a supply passage 31b. A fuel pump 33 is provided in the supply paésagc 31b. The fuel
pump 33 feeds fuel under pressure. In the present embodiment, fuel increased in pressure
through pressure feeding of the fuel pump 33 is stored in the common rail 34, and is
supplied to the inside of each fuel injection valve 20. A fuel supply system in the present
embodiment is formed of the fuel injection valves 20, the branch passages 31a, the supply
passage 31b and the common rail 34.

[0022] A return passage 35 is connected to each fuel injection valve 20. Each
return passage 35 is cohnected to the fuel tank 32. Part of fuel inside each fuel injection
valve 20 is returned to the fuel tank 32 via the corresponding return passage 35.

[0023]  Hereinafter, the internal structure of each fuel injection valve 20 will be
described. As shown in FIG. 2, a needle valve 22 is provided inside a housing 21 of the
fuel injection valve 20. The needle valve 22 is provided so as to be ablé to reciprocally
move (move in the vertical direction in the drawing) inside the housing 21. A spring 24 is

provided inside the housing 21. The spring 24 constantly urges the needle valve 22

‘toward injection holes 23 (lower side in the drawing). A nozzle chamber 25 and a

pressure chamber 26 are formed inside the housing 21. The nozzle chamber 25 and the

pressure chamber 26 are respectively formed on one side (lower side in the drawing) and

the other side (upper side in the drawing) of the needle valve 22. |
[0024]  The injection holes 23 communicate the inside of the nozzle chamber 25

with the outside of the housing 21. The nozzle chamber 25 is supplied with fuel from the

~ branch passage 31a (common rail 34) via an introducing passage 27. The nozzle chamber

25 and the branch passage 31a (common rail 34) are connected to the pressure chamber 26
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via a communication passage 28. The pressure chamber 26 is connected to the return
passage 35 (fuel tank 32) via a drain passage 30.

[0025] An electriéally driven type is employed as each fuel injection valve 20.
More specifically, a piezoelectric actuator 29 in which piezoelectric elements (for example,
piezo elements) that extend or contract in response to an input of a drive signal are
laminated is prqvided inside the housing 21 of the .fuel injection valve 20, A valve
element 29a is connected to the piezoelectric actuator 29. The valve element 29a is
providéd inside the pressure chamber 26.  As the valve element 29a is moved by actuating
the piezoelectric actuator 29, one of the communication passage 28 (nozzle chamber 25)
and the drain passage 30 (return passage 35) selectively communicates with the pressure
chamber 26.

[0026] In the fuel injection valve 20, as a valve closing signal is input to the
piezoelectric actuator 29, the piezoelectric actuator 29 contracts to move the valve element
29a. Thus, fluid communication between the communication passage 28 and the pressure
chamber 26 is aHowed, and fluid communication between the return passage 35 and the
pressure chamber 26 is interrupted. By so doing, the nozzle chamber 25 and the pressure
chamber 26 communicate with each other in a state where fuel inside the pressure chamber
26 is not drained to the return passage 35 (fuel tank 32). As a result, a pressure difference - -
between the nozzle chamber 25 and the pressure chamber 26 becomes extremely small,
and the needle valve 22 moves by the urging force of the spring 24 to a position at which
the needle valve 22 closes the injection holes 23, so the fuel injection valve 20 at this time
enters a state where fuel is not injected (valve closed stéte). |

[0027]  On the other hand, as a valve opetiing signal is input to the piezdelectric
actuator 29, the piezoelectric actuator 29 extends to move -the _Valve elément 29a, so fluid
communication between the communication passage 28 and the pressure chamber 26 is
interrupted, and ﬂﬁid communication betwéen the return passage 35 and the pressure
chamber 26 is allowed. By so doing, part of fuel inside the pressure chamber 26 is
returned to the fuel tank 32 via the return passage 35 in a state where fuel does not flow out

from the nozzle chamber 25 to the pressure chamber 26.  As a result, the pressure of fuel
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inside the pressure chamber 26 decreases, a pressure difference between the pressure
chamber 26 and the nozzle chamber 25 increases, and the needle valve 22 moves against
the urging force of the spring 24 due to the pressure difference to move away from the
injection holes 23, so the fuel injection valve 20 at this time enters a state where fuel is
injected (valve open state).

[0028] A pressure sensor 51 is integrally connected to the fuel injection valve 20.
The pressure sensor 51 is used to detect a fuel pressuré PQ inside the introducing passage
27. Therefore, for example, in comparison with a device in which a fuel pressure at a
location femote from the fuel injection valve 20, such as a fuel pressure inside the common
rail 34 (see FIG. 1), is detected, it is possible to detect a fuel pressure at a location near the
injection holes 23 of the fuel injéction valve 20. So it is possible to accurately detect a
variation in fuel pressure inside the fuel injection valve 20 as a result of opening and
closing of the fuel injection valve 20. The pressure sensor 51 is formed of a sensor
element 51A that outputs a signal corresponding to a fuel pressure and a memory 51B that
stores a detected value of the sensor element 51A, and is provided one by one for each fuel
injection valve 20, that is, each cylinder 11 of the internal combustion engine 10.
Hereinafter, when it is required to indica;[e the éylinder 11 in which the pressure sensor 51
is arranged, the pressure sensor 51 provided in the cylinder 11[#1] is referred to as the
pressure sensor 51[#1], the pressure sensor 51 provided in the cylinder 11[#2] is referred to -
as the pressure sensor 51[#2], the pressure sensor 51 provided in the cylinder 11{#3] is
referred to as the pressure sensor 51[#3)], and the pressure sensor 51 provided in the
cylinder 11[#4] is referred to as the pressure sensor 51[#4].

[0029]  As shown in FIG. 1, various sensors for detecting an operating state are
provided for the internal combustion engine 10 as peripheral devices of the internal
combustion engine 10. Those sensors, for example, include an intake air flow rate sensor
52 for detecting the amount of air that passes through the intake passage 12 (passage air
flow rate GA) and a crank sensor 53 for detecting the rotation speed of the crankshaft 14
(engine rotation speed NE) in addition to the pressure sensors 51.  Other than those, for

example, an accelerator sensor 54 for detecting the operation amount of an accelerator
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opération member (for example, accelerator pedal) (accelerator operation amount ACC) is
provided. |

[0030] The peripherél devices of the internal combustion engine 10, for example,
include an electronic control unit 40 that is formed of processing units. The electronic
control unit 40 acquires output signals of the various sensors, computes various
cbmputations on the basis of those output signals. The electronic control unit 40 executes
various controls associated with the operation of the internal combustion engine 10, such
as operation control over the fuel injection valves 20 (injection amount control) and
operation control over the fuel pump 33 (injection pressure control), on the basis of the
computed results. The electronic control unit 40 includes two processing units, that is, a
first processing unit 41 and a second processing unit 42. The functions of these first
processing unit 41 and second processing unit 42 will be described in detail later.

[0031] In the present embodiment, injection amount control is executed as
follows. First, on the basis of the engine operating state, such as the passage air flow rate
GA, the engine rotation Speed NE and the accelerator operation amount ACC, an injection
pattern is selected and various control target values for each injéction of the injection
pattern are calculated. In the present embodiment, a plurality of injection patterns, each
of which combines main injection, pre-injection, after-injection, and the like, are set in
advance, and one of those injection patterns is selected at the time of executing injection
amount control. As for the various control target values, a target value of a fuel injection
amount (target injection amount) of each injection, such as main injection, pre-injection
and after-injection, a target value of injection timing (target injection timing) of‘ main
injection, an interval between main injection and pre-injection (pilot interval) and an
interval between main injection and after-injection (after interval) are calculated. In the
present embodiment, the relationship Between the above-described engine operating state
and control target values suitable for the operating state and the relationship between the
above-described engine operating state and an injection pattern suitable for the operating
state are obtained in advance on the basis of results of an experiment or simulation, and

each are stored in the second processing unit 42 of the electronic control unit 40. The
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second processing unit 42 individually sets various control target values and the injection -
pattern from the above-described relationships on the basis of the engine operating state
eééh time. |

[0032]  Then, a control target value for the opening period of each fuel injection
valve 20 (target injection period TAU) is set from a model formula on the basis of the
above target injection amount and the fuel pressure PQ. In the present embodiment, a
physics model that models the fuel supply system formed of the common rail 34, the
branch passages 31a, the fuel injection valves 20, and the like, is constructed, and the

above target injection period TAU is calculated through the physics model. More

specifically, the model formula that uses the target injection amount, the fuel pressure PQ,

learning correction terms (described later), and the like, as variables is set and prestored in
the second processing unit 42, and the target injection period TAU is calculated through the
model formula.

[0033] A drive signal is output from the electronic control unit 40 on the basis of
the target injection timing and the target injection period TAU, and each fuel injection
valve 20 is individually actuated to open on the basis of the input drive signal. By so
doing, fuel of an amount appropriate for an engine operating state each time in an injection

pattern suitable for the engine operating state is injected from each fuel injection valve 20,

‘and is supplied into the corresponding cylinder 11 of the internal combustion engine 10, so

rotational torque appropriate for the engine operating state is applied to the crankshaft 14.

[0034] In the present émbodiment, a process of learning the target injection
period TAU of each injection (pre-injection, main injection, .after-injection) (learning
process) is executed on the basis of the fuel pressure PQ that is detected by each pressure
sensor 51. |

[0035] In this learning process, first, a basic temporal waveform of a fuel
injection rate is calculated on the basis of various calculation parameters, such as a target
injection amount, target injection timing and a fuel pressure PQ. In the present
embodiment, the relationship between an engine operating region that is determined from

those calculation parameters and a basic temporal waveform suitable for the operating
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region is obtained in advance on the basis of results of an experiment or simulation, and is
stored in the first processing unit 41 of the electronic control unit 40. The first processing
unit 41 calculates a basic temporal waveform from the above relationship on the basis of
various calculation parémeters.

[0036] = FIG. 3 shows an example of the basic temporal waveform. As indicated
by the solid line.in FIG. 3, the basic temporal waveform is set to a trapezoidal waveform
that is defined by timing at which each fuel injection valve 20 starts opening (valve
opening operation start timing To), a rate of increase in fuel injection rate after the fuel
injection valve 20 starts opening (rate of increase in injection rate Vo), timing at which the
fuel injection valve 20 starts closing (valve closing operation start timing Tc), a rate of
decrease Vc in fuel injection rate after the fuel injection valve 20 starts closing, and a
maximum value of the fuel injection rate (maximum fuel injection rate Rm).

[0037]  On the other hand, a temporal waveform of an actual fuel injection rate
(detected temporal waveform) is formed on the basis of the fuel pressure PQ that is
detected with the use of the corresponding pressure sensor 51. Specifically, first, on the
basis of changes of the fuel pressure PQ, the actual valve opening operation start timing
Tor, actual rate of | increase in injection rate Vor, actual valve élosing operation start timing
Tcr, actual rate of decrease in injection rate Vcr and actual maximum injection rate Rmr of

the corresponding fuel injection valve 20 are identified. The fuel pressure inside each

- fuel injection valve 20 (specifically, the nozzle chamber 25) decreases with an increase in

lift amount as the fuel injection valve 20 is opened, and, after that, increases with a
reduction in lift amount as the fuel injection valve 20 is closed. In the present
embodiment, on the basis of changes of the fuel pressure (specifically, the fuel pressure
PQ) inside each fuel injection valve 20, the above-described actual valve opening
operation start timing Tor, actual rate of increase in injection rate Vor, actual valve closing
operation start timing Ter, actual rate of decrease in injection rate Ver and actual maximum
injection rate Rmr are accurately identified. As indicated by the alternate long and short
dash line in FIG 3, the temporal waveform of an actual fuel injection rate (detected

temporal waveform) is formed by those identified values.
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[0038]  In the learning process, during operation of the internal combustion engine -
10, the above-described detected temporal waveform and the basic temporal waveform are
compared with each other, and a difference in each parameter between these waveforms is
sequentially calculated. Specifically, a difference ATog (= To - Tor) in valve opening
operation start timing, a difference AVog (= Vo - Vor) in rate of increase in injection rate, a
difference ATcg (= Tc - Ter) in valve closing operation start timing, a difference AVeg (=
Vc - Ver) in rate of decrease in injectibn rate and a difference ARmg (= Rm - Rmr) in
maximum injection rate are calculated as the differences of the parameters. These
differences ATog, AVog, ATcg, AVcg and ARmg are stored in the first processing unit 41 as
the learning correction terms for compensating for a variation in operation characteristic
due to aged degradation of each fuel injection valve 20. -

[0039]  In the present embodiment, thevse\ learning correction terms (ATog, AVog,
ATcg, AVeg, ARmg) each are used as the calculation parameter for calculating the target
injection period TAU on the basis of the above-described model formula. By calculatiﬂg
fhe target injection period TAU in this way, the influence of the operation characteristic
variation due to aged degradation of each fuel injection valve 20 is compensated. The
process of calculating the learning correction terms on the basis of the fuel pressure PQ is
executed for each of the cylinders 11 (#1 to #4) of the internal combustion engine 10 on the
basis of the output signal of the corresponding pressure sensor 51.

[0040] In the present embodiment, injection pressure control is executed as
féllows. First, a control target value for the fuel pressure in the common rail 34 (target

fuel pressure) is calculated on the basis of fhe passage air flow rate GA and the engine

rotation speed NE, and the operation -amount of the fuel pump 33 (the amount of fuel fed

under pressure or the amount of fuel returned) is adjusted such that an actual fuel pressure
becomes the target fuel pressure. Through such adjustment of the operation amount of
the fuel pump 33, the fuel pressure inside the common rail 34, in other words, the fuel
iﬁjection pressure of each fuel injection valve 20, is adjusted to the pressure based on the
engine operating state. |

[0041]  As shown in FIG. 4, all the pressure sensors 51[#1], 51[#2], 51[#3], 51[#4]



10

15

20

25

WO 2013/136147 PCT/IB2013/000303

15

respectively provided for the cylinders 11 of the internal combustion engine 10 are
cbnnected to the first processing unit 41. The first processing unit 41 executes the
abpve-described learning process as a computing process associated with injection amount
control.  The first processing unit 41 executes a first determination process for
determining whether there is an abnormality in fhe pressure sensors S1{#1] to 51[#4]‘
connected to the first processing unit 41. In this first determination | process, it is
determined individually for each of the pressure sensors 51[#1] to 51[#4] whether the
following condition is satisfied. Condition: The detected value of the corresponding
pressure sensor 51 is not an abnormal value. Specifically, the detected value of the
corresponding pressufe sensor 51 falls within a predetermined range.

[0042] It‘is determined that the determination target pressure sensor 51 is normal
when the above condition is satisfied; whereas it is determined that the determination
target pressure sensor 51 is abnormal when the above condition is not satisfied. In this
first determination process, more spéciﬁcally, once the above condition is not satisfied,

temporary abnormality determination is initially made, and, after that, when a state where

the above condition is not satisfied has continued for a predetermined period of time (for

example, several seconds), abnormality determination is finally determined.

[0043]  When it is determined that any one of the pressure sensors 51 is abnormal,
the first processing unit 41 stops executing the learning process based on the detected value
of the pressure sensor 51 that is determined to be abnormal. The learning process in
which the detected value of the pressure sensor 51 that ié determined to be abnormal is not
used, that is, the learning process that is executed on the basis of only the detected values
of the pressure sensors 51 that are determined to be normal is continuously executed.

| [0044]  Two (specifically, the pressure sensors 51[#1] and 51[#4]) of the pressure
sensors 51 respectively provided for the cylinders 11 of the internal combustion engine 10 '
are connected to the second processing unit 42.  As indicated by the outlined arrow in FIG.
4, in the device according to the present embodiment, the first processing unit 41 and
second processing unit 42 of the electronic control unit 40 are connected by a signal line,

and data transmission between those first processing unit 41 and second processing unit 42
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is allowed.

[0045]  The second processing unit 42 executes a process of lbading the learning
correction terms from the first processing unit 41 at the time of calculating the target
injection period TAU or a process of calculating the target injection period TAU from the
model formula on the basis of the learning correction terms and the engine operating state.

[0046]  The second processing unit 42 executes a process associated with injection
pressure control, such as a process of calculating a target fuel pressure on the basis of the
engine operating state and a process of adjusting the operation amount of the fuel pump 33
so as to bring the target fuel pressure into coincidence with an actual fuel pressure PQ.
Specifically, the actual fuel pressure PQ is a higher one of the fuel pressures PQ that are
respectively detected by the two pressure sensors 51[#1] and 51[#4] connected to the
second processing unit 42. In the. present embodiment, the process associated with
injection pressure control functions as a control process associated with fuel injection.

[0047]  The second processing unit 42 executes a ‘second determination process
for determining whether there is an abnormality in the two pressure sensors 51{#1] and
51[#4] conneéted to the second processing unit 42. In this second determination process,

it is determined individually for each of the two pressure sensors 51[#1] and 51[#4]

" whether the above-described condition is satisfied. It is determined that the determination

target pressure sensor 51 is normal when the condition is satisfied; whereas it is determined
that the determination target pressure sensor 51 is abnormal when the condition is not
satisfied.

[0048]  The second processing unit 42 executes a power limiting‘ process of
limiting engine power when at least one of the two pressure sensors 51[#1] and 51{#4] is
determined to be abnormal." In the present embodiment, in the second determination
process, the detected values of the two pressure sensors 51[#1] and 51[#4] that detect the
fuel pressure inside the same fuel supply system are monitored, and, on the condition that

both the pressure sensors 51{#1] and 51[#4] aré determined to be normal, it is determined

 that the detected values of the pressure sensors 51[#1] and 51{#4] are highly reliable values.

When the number of the pressure sensors 51 that are determined to be normal through the
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second determination process becomes 1 or 0, it is understood that the reliability of the
detected value of each pressure sensor 51 is low, and the power limiting process is
executed as fail-safe control. This power limiting procesé is specifically executed such
that a fuel injection amount (specifically, a target fuel injection amount) is suppressed to a
small amount by setting an upper limit for the accelerator operation amount ACC that is
used to calculate the target injection amount in injection amount control to thereby limit
engine power. |

[0049] In the device according to the present embodiment, the four pressure
sensors 51[#1] to 51[#4] are installed in the fuel supply system. Therefore, in the second
determination process made by the second processing unit 42, if the power limiting process
is ekecuted when there is an abnormality in only one of the two pressure sénsors 51[#1]
and 51[#4] that are connected to the second processing unit 42, the power limiting process
may be unnecessarily executed. That is, it may enter a situation that the power limiting
process is unnecessarily executed although it is possible to accurately execute injection
amount control or injection pressure control on the basis of the fuel pressure PQ detected
with the use of the normal pressure sensor 51 that has no abnormality at this time. Such a
situation may lead to an unnecessary decrease in the power characteristic of the internal
combustion engine 10, so it is not desirable.

[0050]  In the present embodiment, when it enters a situatiori that only one of the
pressure sensors 51[#1] and 51[#4] connected to tiie second processing unit 42 is
determined to be normal in the second determination process, that is, it is determined

through the second determination process that the reliability of the detected value of each

~ pressure sensor 51 is low, the determination result of the first determination process in the

first processing unit 41 is loaded to the second processing unit 42 and is referenced.
When the determination result of the first determination process indicates that the pressure
sensor 51 determined to be normal in the second determination process and one of the
other pressure sensors 51 (specifically, the pressure sensors 51[#2] and 51[#3] connected to
only the first processing unit 41) are determined to be normal, it is determined that the

reliability of the detected value of the pressure sensor 51 determined to be normal in the
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second determination process is high. In this case, the process associated with injection
pressure control is executed by the second processing unit 42 on the basis of the detected
value of the pressure sensor 51 determined to be normal in the second determination
process. By so doing, injection pressure control is executed with high accuracy.

[0051] At this time, because injection pressure control is accurately executed, it

may be understood that there is a small request to execute fail-safe control, specifically, a

small request to limit engine power. In the device according to the present embodiment,

at this time, limiting engine power through the power limiting process is prohibited, and
the power limiting process is not executed. Therefore, an unnecessary reduction in
engine power is suppressed, and an unnecessary decrease in the power performance of the
internal combustion engine 10 is suppressed.

[0052]  According to the present embodiment, even when it is determined through
the second determination process that the reliability of the detected value of the pressure
sensor 51 is low, but when it is confirmed through the first determination process that the
reliability ‘of the detected value of that pressure sensor 51 is high, it is possible to execute
injection preséure control on the basis of the detected value of that pressure sensor 51 and
to suppress the degree of limiting engine power through the power limiting process to a
lésser degree.

[0053] In a situation that only one of the pressure sensors 51 is determined to be
normal through the second determination process, when the determination result of the first
determination process indicates that both the two pressure éensofs 51[#2] and 51[#3]
connected to only the first prdcessing unit 41 are determinéd to be abnormal, injection
pressure control or power limiting process is executed as follows. |

[0054] At this time, it is determined that the reliability of the pressure sensor 51
determined to be normal in the second determination process is low, but injection pressure
control based on that detected value is executed by the second processing unit 42.
However, in synchronization with execution of such injection pressure control, engine
power is limited through the power limiting process. By so doing, in comparison with the

case where any one of the two pressure sensors 51[#2] and 51[#3] connected to only the
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first processing unit 41 between the processing units 41 and 42 is determined to be normal,
that is, the case where a request to limit engine power is low, it is possible to increase the
degree of limiting engine power through the power limiting process.

[0055] In addition, in the device according to the present embodiment, when there
i$ no pressure sensor 51 that is determined to be normal in the sécond determination
process executed by the second processing unit 42, in comparison with the case where only
one pressure sensor 51 is determined to be normal in the second determination process, the
degree of limiting engine power in the power limiting process is increased. When both
the pressure sensors 51[#1] and 51[#4] connected to the second processing unit 42 are

determined to be abnormal in the second determination process, it is not possible to

-execute injection pressure control using the detected values of these pressure sensors

51[#1] and 51[#4], in other words, in a manner based on the fuel pressure in the fuel
supply system. Therefore, in comparison with the case where any one of the pressure
sensors 51 is determined to be normal in the second 'determinétidn process, this situation
tends to lead to a decrease in the accuracy of executing injection pressure control, and there

is a large request to limit engine poWer. With the device according to the present

~ embodiment, because it is possible to increase the degree of limiting engine power in the

case where both the two pressure sensors 51{#1] and 51[#4] are determined to be abnormal
in the second determination process, it is possible to reliably obtain the effect of fail-safe
control. \

[0056]  In this way, with the device according to the present embodiment, it is
possible to appropriately execute fail-safe control at the time of an abnormality in the
pressure sensors 51. In addition, in‘ the device according to the present embodiment,
when the determination result of the first determination process made by the first
processing unit 41 does not agree with the determination result of the second determination
process made by the second processing unit 42, it is determined that the electronic control
unit 40 that incorporates the first processing unit 41 and the second processing unit 42 is

abnormal.

[0057]  When there occurs an abnormality in the pressure sensors 51{#1] and
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51[#4] (specifically, the sensor elements 51A, the memories 51B or wires) connected to
both the first processing unit 41 and the second processing unit 42, an abnormal signal is
input to each of the units 41 and 42, so it is determined to be abnormal in the first
determination process and the second determination process. That is, in this case, the
determination result of the first determination process agrees with the determination result
of the second determination process. In contrast to this, even when substantially the same
signal is input from each of the pressure sensors 51[#1] and 51[#4] to each of the
processing units 41 and 42, if there is an abnormality in the electronic control unit 40, for
example, only one of those processing units 41 and 42 does not function normally, the
determination result of the first determination process may not agree with the
determination result of the second determination process. According to the present
embodiment, it is possible to determine that there is an abnormality. in the electronic
control unit 40 on the condition that the determination result of the first determination
process does nbt agree with the determination result of the second determination process.

[0058]  Hereinafter, a manner of limiting engine power through the power limiting
process will be described in detail. FIG. 5 shows the procedure of executing a process of
determining whether there is an abnormality in the pressure sensors 51[#1] to 51[#4]
(abnormal state determination process). A series of processes shown in the flowchart of
the drawing conceptually shows the procedure of executing the abnormal state
determination process. An actual process is executed by the first processing unit 41 as an
interrupt process at predetermined intérvals.

[0059]  As shown in FIG. 5, in this process, first, it is determined whether any one
of the four pressure sensors S1[#1] to 51[#4] connected to the first processing unit 41 is
determined to be abnormal (step S10). When any one of those pressure sensors 51{#1] to
51[#4] is determined to be abnormal (YES in step S10), the process of selecting aﬁ
execution mode of the pbwer limiting process (execution mode selecting process) -is
executed (step S20).

[0060] FIG. 6 shows the procedure of executing the execution mode selecting

process. FIG. 7 shows the relationship among an execution mode, a manner of executing
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injection pressure control and a manner of executing power limiting process. As shown
in FIG. 6, in the execution mode selecting process, when both the pressure sensors 51[#1]

and 51{#4] are determined to be abnormal (YES in step S201, YES in step S202 and NO in

- step S203), the execution mode A is selected (step S204).

[0061]  In this case, in response to the fact that the execution mode A is selected in
the first determination process of the first processing unit 41, the second processing unit 42
executes injection amount control and injection preséure control as follows.

[0062] That is, as shown in FIG. 7, when the execution mode A is selected in the
first processing unit 41, a predetermined operation amount LIML (for example, 10% in the
case where an operation amount for fully opening an accelerator is 100%).is set in the
pbwer limiting process as the upper limit of the accelerator operation amount ACC.  Then,
injection amount control is executgd on the basis of the accelerator operation amount ACC
limited by the upper limit. | |

[0063] Injection pressure control is executed on the assumption that a target fuel
pressure coincides with an actual fuel pressure without using the fuel pressures that are
respectively detected with the use of the pressure sensors 51[#1] and 51[#4]. Specifically,
the target fuel pressure is used instead of the fuel pressure PQ in a situation that the fuel
pump 33 is controlled to be driven in order to bring the target injection pressure into
coincidence with the fuel pressure PQ in the case where the pressure sensors 51[#1] and
51[#4] are not determined to be abnormal.

[0064]  When only one of the pressure sensors 51[#1] and 51[#4] is determined to
be abnormal (all the step S201 to step S203 in FIG. 6 are "YES") and yvhen both the
pressure sensors 51[#2] and 51[#3] are determined to be abnormal (YES in.istep S205), the
execution mode B is selected (step S206).

[0065] In a situation that only one of the pressure sensors 51[#1] and 51[#4] is
determined to be abnormal in the second determination process made by the second
processing unit 42, when the execution mode B is selected in the first processing unit 41, a
predetermined operation amount LIMS (where LIMS > LIML) is set by the power limiting

process as the upper limit of the accelerator operation amount ACC as shown in FIG. 7.
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Specifically, the predetermined operation amount LIMS is set to a large operation amount
(for example, 70% in the case where an operation amount for fully opening the accelerator
is 100%) at the time of abnormality détermination, and is set to a value that gradually
reduces to a relatively small operation amount (for exarﬁple, 25%) with a lapse of a

predetermined period of time (for example, several minutes) thereafter. Injection amount

- control is executed on the basis of the accelerator operation amount ACC limited by the

upper limit. Injection pressure control is executed on the basis of the fuel pressure PQ
that is detected with the use of the normal one of the pressure sensors 51[#1] and 51[#4].

[0066]  When only one of the pressure sensors 51[#1] and 51[#4] is determined to
be abnormal (all the step S201 to step S203 in FIG. 6 are "YES") and when at least one of
the pressure sensors 51[#2] and 51[#3] is determined to be normal (NO in step S205), the
execution mode C is selected (step S207). When only the pressure sensor 51[#1] among.
the four pressure sénsors connected to the first processing unit 41 is determined to be
abnormal or when only the pressure sensor 51[#4] is determined to be abnormal as well
(NO in step S201, YES in step S208), the execution mode C is selected (step S207).

[0067] In a situation that only one of the pressure sensors 51[#1] and 51[#4] in
the second determination process made by the second processing unit 42 is determined to

be abnormal, when the execution mode C is selected in the first processing unit 41,

| limiting engine power through the power limiting process is prohibited and the power

limiting process is not executed as shown in FIG 7. Specifically, injection amount
control is executed without limiting the accelerator operation amount ACC to the upper
limit. Injection pressure control is executed on the basis of the fuel pressure PQ that is
detected with the use of the normal one of the pressure sensors 51[#1] and 51[#4].

[0068)]  When, among the four pressure sensors connected to the first processing
unit 41, both the pressure sensors 51[#1] and 51[#4] are not determined to be abnormal and
only the pressure sensor 51[#2] or only the pressure sensor 51[#3] is determined to be
abnormal (NO in step S201 and NO in step S208), none of the execution modes A to C is
selected (the process of step S207 is skipped). When, among the four pressure sensors

connected to the first processing unit 41, both the pressure sensors 51[#1] and 51[#4] are
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not determined to be abnormal and only the two pressure sensors 51[#2] and 51[#3] are
determined to be abnormal as well (YES in step S201 and NO in step S202), none of the
execution modes A to C is selected (the processes of step S203 to step S206 are skipped).
In this case, injection pressure control based on the pressure sensors 51[#1] and 51[#4] and
iﬁjéction amount control in a manner in which the accelerator operation amount ACC is not
limited by the upper limit are executed. .

[0069]  In the device according to the present embodiment, as shown in FIG. 7,
when only one of the pressure sensors 51[#1] and 51[#4] is determined to be normai, and
Wheﬁ the other one is temporarily determined to be abnormal, the execution que Cis
selected not on the basis of the determination results as to the pressure sensors 51{#2] and
5'1 [#3]. In this case, it is an instable period during which, depending on whether the
temporary abnormality determination is final abnormal determination or final normal
determination; both the pressure sensors 51{#1] and 51[#4] are determined to be normal or
only one of the pressure sensors 51[#1] and 51[#4] is detérmined to be normal, so the
execution mode C is selected as a temporary execution mode of the power limiting process.
In this case, limiting engine power through the power limiting process is prohibited and the
p'ower limiting process is not executed, while ihjection pressure control is executed on the
basis of the fuel pressure PQ that is detected with the use of the normal one of the pressure
sensors 51[#1] and 51{#4]. |

[0070]  In addition, in the device according to the present embodiment, when one
of the pressure sensors 51[#1] and 51{#4] is determined to be abnormal and thé other one is
temporarily determined to be abnormal or when both the pressure sensors 51[#1] and
5 1 [#4] are temporarily determined to be abnormal, the execution mode D is selected as the
execution mode of the power limiting process not on the basis of the determination results
as to the pressure sensors 51[{#2] and 51[#3]. In this case, the predetermined operation
amount LIMS is set by the power limiting process as the upper limit of the accelerator
operation amount ACC. Injection amount control is executed on the basis of the
accelerator operation amount ACC limited by the upper limit. Injection pressure control

is executed on the assumption that a target fuel pressure coincides with an actual fuel
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pressure without using the fuel pressures that are respectively detected with the use of the
pressure sensors S1[#1] and 51[#4].

[0071]  Then, in the abnormal state determination process (FIG. 5), after the
execution mode selecting process is ekecuted (step S20), an alarm lamp provided in a
vehicle cabin is turned on (step S30). When all the four pressure sensors S1[#1] to S1[#4]
connected to the first processing unit 41 are determined to be normal (NO in step S10), the
processes of step S20 and step S30 are skipped.

[0072]  After that, the determination result of the second determination process
made by the second processing unit 42 is loaded, and it is determined whether the loaded
determination result agrees with the determination result of the first determination process
made by the first processing unit 41 (step S40). When those determination results agree
with each other (YES in step S40), the process once directly ends (the process of step S50
is skipped). On the other hand, when those determination results do not agree with each
other (NO in step S40), after it is determined that there is an abnormality in the electronic
control unit 40 (step S50), the process once ends. -

[0073]  As described above, according to the présent embodiment, the following
advantageous effects are obtained. When only one of the pressure sensors 51[#1] and
51[#4] is determined to be normal in the second Adetermination process, and when the
detemination result of the first determination process indicates that the pressure sensor 51
determined to be normal in the second determination process and one of the pressure

sensors 51[#2] and 51[#3] connected to 6nly the first processing unit 41 are determined to

‘be normal, injection pressure control based on the detected value of the pressure sensor 51

determined to be normal in the second determination process is executed. In addition,
limiting engine power through the power limiting process is prohibited at this time.
Therefore, even when it is determined through the second determination process that the

reliability of the detected value of the pressure sensor 51 is low, but when it is confirmed

~ through the first determination process that the reliability of the detected value of that

pressure sensor 51 is high, it is possible to execute injection pressure control on the basis

of the detected value of that pressure sensor 51 and to suppress the degree of limiting
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engine power through the power limiting process.to a lesser degree. Thus, it is possible to
appropriately execute fail-safe control at the time of an abnormality in the pressure sensors
51.

[0074])  When there is no pressure sensor 51 that is determined to be normal in the
sécond determination process executed by the second processing unit 42, in comparison
with the case where only one pressure sensor 51 is determined to be normal in the second

determination process, the degree of limiting engine power in the power limiting process is

" increased. Therefore, it is possible to reliably obtain the effect of fail-safe control.

[0075]  On the condition that the determination result of the first determination
process made by the ﬁrst processing unit 41 does not agree with the determination result of
the second determination process made by the second processing unit 42, it is determined
that the electronic control unit 40 that incorporates the first processing unit 41 and the
second processing unit 42 is abnormal.

[0076)  The above-described embodiment may be modified as follows. When
any one of the pressure sensors 51 is determined to be abnbrmal in the first determination
process made by the first processing unit 41, instead of turning on the alarm lamp, details
for alarming occurrence of the abnormality may be indicated by an image display device
p’rovidedvin the vehicle cabin, and a history of abnormality determination may be recorded
in the electronic control unit 40.

[0077]  In the first determination process made by the first processing unit 41, the
process of turning on the alarm lamp when any one of the pressure sensors 51 is
determined to be abnormal (the process of step S30 in FIG. 5) may be omitted.

[0078]  The condition for determining whether there is an abnormality in the

pressure sensors 51 is not limited to the above-described condition. The condition may

be arbitrarily changed to, for example, a condition that a state where a difference between a

target fuel pressure and the fuel pressure PQ is larger than a predetermined value has
continued for a predetermined period.
[0079] In the above-described embodiment, the upper limit value of the

accelerator operation amount ACC is set in order to limit engine power; instead, a method
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of limiting engine power may be arbitrarily changed, for example, a value obtained by
correcting and reducing the accelerator operation amount ACC may be used in injection
amount control, the fuel injection amount may be corrected and reduced or an upper limit
may be set for the fuel injection amount.

[0080] The process of determining whether there is an abnormality in the

electronic control unit 40 (the processes of step S40 and step S50 in FIG. 5) may be

- omitted. When the execution mode C is selected in the first processing unit 41 in a

situation that only one of the pressure sensors 51[#1] and 51[#4] is determined to be
abnormal in the second determination process, limiting engine power through the power
limiting process may be executed in a manner in which the degree of limiting engine
power is smaller than that at the time when the execution mode A is selected or that at the

time when the execution mode B is selected. When the execution mode C is selected,

injection pressure control is accurately executed in comparison with when the execution

mode A or the execution mode B is selected, so there is a small request to execute fail-safe

- control, specifically, a small request to limit engine power. With the above-described

device, it is possible to reduce the degree 'of limiting engine power through the power
limiting process when the execution mode C is selected, so it is possible to suppress an
unnecessary reduction in engine power and, by extension, an unnecessary decrease in the
power performance of the internal combustion engine 10.

[0081]  As long as two or more of the pressure sensors 51 are connected to the
second processing unit 42 and the pressure sensors 51 larger in number than the pressure
sensors 51 connected to the second processing unit 42 are connected to the first processing
unit 41, it is possible to arbitrarily change the number of pressure sensors connected to the
first prbcessing unit 41 and the number of. pressure sensors connected to the second
processing unit 42. “

| [0082]  The device according to the above-described embodiment is applicable by
modifying the components as needed as long as the device executes the process associated
with fuel injectioh based on the fuel pressure PQ with the use of the first processing unit 41

and the second processing unit 42. Such a device may be, for example, a device that



10

15

20

25

WO 2013/136147 PCT/IB2013/000303

27

executes a process associated with injection pressure control with the use of the first
prbcessing unit and a process associated with injection amount control with the use of the
second processing unit. Other than the above, such a device may be, for example, a
device that executes mutually differenf processes associated with injection pressure control
with the use of the respective prbcessing units or a device that executes mutually different
processes associated with injection amount control with the use of the respective
processing units.

[0083] Aslongasitis possible to properly detect a pressure that is an index of the
fuel pressure inside each fuel injection valve 20 (specifically, inside each nozzle chamber
25), in other words, a fuel pressure that varies with a variation in the fuel pressure inside
each fuel injection valve 20, it is not limited to direct installation of the pressure sensor 51
to each fuel injection valve 20. A manner of installing each pressure sensor 51 may be
arbitrarily changed. Specifically, each pressure sensor 51 may be installed at a portion
(branch passage 31a) between the common rail 34 and the corresponding fuel injection
valve 20 in the fuel supply passage.

[0084] Instead of the fuel injection valve 20 that is driven by the piezoelectric

actuator 29, for example, a fuel injection valve that is driven by an electromagnetic

actuator that includes, for example, a solenoid coil, and the like, may be employed.

{0085] The invention may be applied to an internal combustion engine that
includes four cylinders.. Instead, the invention may also be applied to an internal
combustion engine that includes three cylinders or an internal combustion engine that
includes five or more cylinders. The invention is not limited to a diesel engine. The
invention may also be applied to a gasoline engine that uses gasoline fuel or a natural gas

engine that uses natural gas fuel.
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CLAIMS:

1. A control device for an internal combustion engine; comprising:
a plurality of pressure sensors, each of which detects a fuel pressure in a fuel supply
system,;
a first processing unit that executes a first determination process that determines whether
there is an abnormality in the plurality of pressure sensors;
a second processing unit connected to two or more pressure sensors which are a part of the
plurality of pressure sensors, executes a second determination process that determines
whether there is an abnormality in the two or more pressure sensors, and executes a control
process associated with fuel inj ection based on detected values of the two or more pressure
sensors; and
al controller that is formed of the first processing unit aﬁd the second processing unit,
the controller being configured to execute a power limiting process for limiting engine
power when the number of the pressure sensors determined to be normal in the second
determination process is smaller than or equal to one, and,
when only one pressure sensor is determined to be normal in the second determination
procéss and when the pressure sensor determined to be normal and one of the pressure
sensors connected to only the first processing unit are determined to be normal in the first
detennination process, the controller being configured to execute the control process on the
basis of the detected value of the pressure sensor determined to be normal in the second -
determination process, and to reduce a degree of limiting engine power through the power
limiting process compared with when all the pressure sensors connected to only the first
processing unit are determined to be abnormal in the first determination process.
2. The control device according to claim 1, wherein
the internal combustion engine includes three or more cylinders, and the pressure sensors
are respectively provided for the cylinders of the internal combustion engine one by one,
the first processing unit is connected to all the pressure sensors and executes a process

associated with injection amount control based on the detected values of those pressure
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sensors, and

the second processing unit is connected to two of the pressure sensors and executes a

- process associated with injection pressure control based on the detected values of those

pressure sensors as the control process.

3. The control device.according to claim 1 or 2, wherein

the controller reduces the degree of limiting the engine power by prohibiting limiting the
engine power through the power limiting process.

4. The control device according to any one of claims 1 to 3, wherein

the controller increases the degree of limiting the engine power in the power limiting
process when there is ho pressure sensor determined to be normal in the second‘

~ determination process as compared with when only one of the pressure sensors is

determined to be normal in the second determination process.

5. The control device according to any one of claims 1 to 4, wherein

when a determination result made in the first determination process does not agree with a

determination result made in the second determination process, the controller determines

that there is an .abnormality in an electronic control unit that incorporates the first

processing unit and the second processing unit.

6. A control method for an internal combustion engine that includes: a plurality of

. pressure sensors, each of which detects a fuel pressure in a fuel supply system; a first
processing unit that is connected to the plurality of pressure sensors and that determines
whether there is an abnormalﬁy in the plurality of pressure sensors; a second processing
unit that is connected to at least two or more pressure sensors, which are part of the
piurality of pressure sensors, that executes a control process associated with fuel injection
based on detected values of the at least two or more pressure sensors and that determines

| whether there is an abnormality in the at least two or more pressure sensors, the control
method comprising:

when the number of the pressure sensors determined to be normal is smaller than or equal
to one among the at least two or more pressure sensors connected to the second processing

unit, executing a power limiting process for limiting engine power; and
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when only one of the at least two or more pressuré sensors connected to the second
processing unit is normal and one of the pressure sensors connected to only the first
processing unit is normal, executing the control process on the basis of the detected value
of the normal one of the at least two pressure sensors connected to the second processing
unit, and

reducing a degree of limiting engine power through the power limiting process as

compared with when all the pressure sensors connected to only the first processing unit are

abnormal.
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FIG.DS
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