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(57) A fuel injection control device is provided with
a plurality of pressure sensors 44 and 45 that individu-
ally detect pressures of fuel in a common rail 25 and an
electronic control unit (ECU) 46. When respective de-
tected values of two fuel pressure sensors 44 and 45
are in a normally-possible range and when the deviation
of the two detected values is smaller than a given de-
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termination value, the ECU 46 sets the higher detected
value as the fuel pressure. The ECU 46 obtains an in-
jection period based upon a fuel injection amount that
is setin accordance with an operating state of an engine
11 and the fuel pressure, and controls fuel injection
valves 23 so as to inject the fuel during the injection pe-
riod.
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Description
Technical Field

[0001] The presentinvention relates to a fuel injection
control device which is installed in an engine in which
pressurized fuel is distributed to a plurality of fuel injec-
tion valves through fuel distribution pipes and injected
therefrom, and which detects pressures of fuel in the fuel
distribution pipes by a plurality of fuel pressure sensors
so that at least either of the injection amount or injection
pressure of the fuel is controlled based upon the detect-
ed values.

Background Art

[0002] Diesel engines in which fuel is compressed by
a fuel pump to have a high pressure have been known.
In such a diesel engine, the fuel is distributed by fuel
distribution pipes, that is, common rails, to fuel injection
valves of individual cylinders so that the fuel is injected
by opening the fuel injection valves. One of the engine
fuel injection control techniques has an arrangement in
which the pressure of the fuel in the common rails is de-
tected by a single fuel pressure sensor so that the injec-
tion amount and injection pressure of the fuel from the
fuel injection valves are controlled based upon the de-
tected value.

[0003] In the above-mentioned fuel injection control,
when the detected value of the fuel pressure sensor is
out of a normally-possible range, it is possible to know
that the fuel pressure sensor is abnormal. Therefore, in
this case, it is possible to carry out an appropriate fail
treatment in the injection amount control and injection
pressure control of the fuel. However, in the event of a
characteristic abnormality in the fuel pressure sensor, it
is difficult to detect this fact and deal with the abnormal-
ity. The characteristic abnormality refers to a phenome-
non in which, although the detected value of the fuel
pressure sensor is within the normally-possible range,
it is different from the normal output characteristic. For
example, in the case of a fuel pressure sensor that out-
puts a voltage that is in proportion to the pressure, it
refers to a phenomenon in which, although the gradient
of the characteristic is the same as the gradient at the
normal time, it deviates therefrom, or a phenomenon in
which the gradient of the characteristic is different from
the gradient at the normal time. In this case, it is difficult
to discriminate a characteristic abnormality from the nor-
mal state.

[0004] Therefore, conventionally, a technique in
which the pressures of fuel in the common rails are de-
tected by a plurality of fuel pressure sensors, and a char-
acteristic abnormality of the fuel pressure sensor is de-
tected by using these detected values (for example, see
Japanese Unexamined Patent Publication No. Hei
8-61133) has been known. In this technique, based up-
on the fact that when all the fuel pressure sensors are
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normal, the detected values (fuel pressures) of these
are approximately the same, when, with respect to pre-
determined two fuel pressure sensors, the deviation of
these detected values (fuel pressures) is greater than a
given determination value, either of the fuel pressure
sensors is determined to be abnormal in characteristic.
[0005] However, even when the individual fuel pres-
sure sensors are normal, there are some variations in
these output characteristics. For this reason, unless the
above-mentioned determining process is carried out by
using a determination value in which the variations have
been taken into consideration, the deviation of the fuel
pressures becomes greater than the determination val-
ue, causing that a normal fuel pressure sensor is erro-
neously detected as abnormal in character. Therefore,
in order to prevent this erroneous detection due to var-
iations, the determination value is set to be a greater
value to a certain degree. With this arrangement, when
the deviation of the detected values is particularly great,
by determining that either of the fuel pressure sensors
is clearly abnormal in characteristic, it is possible to de-
tect the abnormality.

[0006] However, a small deviation does not necessar-
ily show that all the fuel pressure sensors are normal.
Although not clearly determined, there still remains a
possibility that one of the fuel pressure sensors is ab-
normal in characteristic. In this case, the deviation be-
comes smaller than the determination value, and there
might be a failure in detecting abnormality in character-
istic. In this manner, when the deviation is smaller than
the determination value, since it is not clear whether or
notthere is an abnormality in characteristic, the resulting
problem is that it is difficult to carry out an appropriate
fail-safe treatment on the injection amount control and
injection pressure control of fuel.

[0007] The presentinvention has been devised so as
to solve the above-mentioned problems, and its objec-
tive is to provide a fuel injection control device which
can carry out a fail-safe treatment appropriately even
when fuel pressures detected by a plurality of fuel pres-
sure sensors are in a normally-possible range, and
when the deviation of fuel pressures detected by the
predetermined two fuel pressure sensors is smaller than
a given determination value.

Disclosure of the Invention

[0008] The following description will discuss means
for achieving the above-mentioned objective and the op-
eration thereof.

[0009] In one aspect of the present invention, a fuel
injection control device is provided with a plurality of fuel
pressure sensors that are installed in fuel distribution
pipes that distribute pressurized fuel to a plurality of fuel
injection valves of an engine, and individually detect
pressures of the fuel in the fuel distribution pipes, fuel
pressure setting means which sets a fuel pressure to be
used as a controlling parameter based upon the detect-
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ed value of each of the fuel pressure sensors, and fuel
injection control means which obtains an injection peri-
od based upon a fuel injection amount set in accordance
with an operating state of the engine and the fuel pres-
sure set by the fuel pressure setting means, and controls
the above-mentioned fuel injection valves so as to inject
the fuel during the injection period, wherein, when de-
tected values of the predetermined two fuel pressure
sensors are each in a normally-possible range and
when the deviation of the two detected values is smaller
than a given determination value, the above-mentioned
fuel pressure setting means sets the higher detected
value as the above-mentioned fuel pressure used for
calculating the above-mentioned injection period by the
above-mentioned fuel injection control means.

[0010] With the above-mentioned arrangement, the
pressures of fuel in the fuel distribution pipes are indi-
vidually detected by a plurality of fuel pressure sensors.
When both of the predetermined two fuel pressure sen-
sors are normal, the detected values therefrom are sup-
posed to be approximately the same value. The fuel
pressure setting means sets a fuel pressure based upon
the detected value from each of the fuel pressure sen-
sors. The fuel injection control means obtains an injec-
tion period based upon a fuel injection amount in ac-
cordance with an operating state of the engine and the
fuel pressure. The injection period becomes shorter as
the fuel pressure becomes higher when the fuel injection
amount is the same. Moreover, the fuel injection control
means controls the fuel injection valves so as to inject
fuel during the injection period.

[0011] Supposing that, of the detected values of two
fuel pressure sensors, the higher detected value is cor-
rect and the lower detected value is incorrect, and that
the latter detected value is set as the fuel pressure by
the fuel pressure setting means, the injection period,
which is determined by the fuel injection amount and fuel
pressure, becomes longer than the injection period that
should be determined. For this reason, when fuel is in-
jected during the set period, an amount of fuel greater
than the fuel that should be injected is injected.

[0012] In contrast, supposing that the higher detected
value is incorrect and the lower detected value is cor-
rect, and that the former detected value is set as the fuel
pressure by the fuel pressure setting means, the injec-
tion period, which is determined by the fuel injection
amount and fuel pressure, becomes shorter than the in-
jection period that should be determined. For this rea-
son, when fuel is injected during the set period, an
amount of fuel smaller than that should be injected is
injected.

[0013] However, in one aspect of the present inven-
tion, when individually detected values of predeter-
mined two fuel pressure sensors are in a normally-pos-
sible range and when the deviation of the two detected
values is smaller than a given determination value, since
there still remains a possibility that either of the fuel
pressure sensors might be abnormal in characteristic al-
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though it is not clearly determined in comparison with
the case where the deviation is greater than the deter-
mination value, the higher detected value is set as the
fuel pressure. Therefore, it is possible to prevent an ex-
cessive amount of fuel from being injected by carrying
out an appropriate fail-safe treatment using the fuel
pressure that has been set in this manner to control the
fuel injection valves, and consequently.

[0014] In another aspect of the present invention, a
fuel injection control device is provided with a plurality
of fuel pressure sensors that are installed in fuel distri-
bution pipes that distribute pressurized fuel supplied
from a fuel pump to a plurality of fuel injection valves of
an engine, and individually detect pressures of the fuel
in the fuel distribution pipes, a fuel pressure setting
means which sets a fuel pressure to be used as a con-
trolling parameter based upon the detected value of
each of the fuel pressure sensors, and a fuel injection
control means which controls the fuel pump so that the
fuel pressure set by the fuel pressure setting means is
converged to a target pressure set in accordance with
an operating state of the engine, wherein, when individ-
ually detected values of predetermined two fuel pres-
sure sensors are in a normally-possible range and when
the deviation of the two detected values is smaller than
a given determination value, the above-mentioned fuel
pressure setting means sets the higher detected value
as the above-mentioned fuel pressure to be used by the
fuel injection control means to control the fuel pump.
[0015] With the above-mentioned arrangement, the
pressures of fuel in the fuel distribution pipes supplied
from the fuel pump are individually detected by a plural-
ity of fuel pressure sensors. When both of the predeter-
mined two fuel pressure sensors are normal, the detect-
ed values therefrom are supposed to be approximately
the same value. In the fuel pressure setting means, the
fuel pressure is set based upon the detected value from
each of the fuel pressure sensors. The fuel injection con-
trol means controls the fuel pump so that the fuel pres-
sure set by the fuel pressure setting means is converged
to a target pressure set in accordance with an operating
state of the engine.

[0016] Supposing that, of the detected values of two
fuel pressure sensors, the higher detected value is cor-
rect and the lower detected value is incorrect, and that
the latter detected value is set as the fuel pressure by
the fuel pressure setting means, the deviation between
the target pressure and the fuel pressure becomes
greater than the deviation that should be determined,
resulting in that the amount of control required for caus-
ing the fuel pressure to be converged on the target pres-
sure becomes greater than the amount of control that
should be determined (that is, an amount of control re-
quired for the case where the former detected value is
set as the fuel pressure). For this reason, the pressure
of fuel to be supplied from the fuel pump and further to
the fuel pressure in the fuel distribution pipes becomes
higher than a value that should be determined.
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[0017] In contrast, supposing that the higher detected
value is incorrect and the lower detected value is cor-
rect, and that the former detected value is set as the fuel
pressure by the fuel pressure setting means, the devia-
tion between the target pressure and the fuel pressure
becomes smaller than the deviation that should be de-
termined, resulting in that the amount of control required
for causing the fuel pressure to be converged on the tar-
get pressure becomes smaller than an amount of control
that should be determined (that is, an amount of control
required for the case where the latter detected value is
set as the fuel pressure). For this reason, the pressure
of fuel in the fuel distribution pipes becomes lower than
a value that should be determined.

[0018] However, in another aspect of the present in-
vention, when individually detected values of predeter-
mined two fuel pressure sensors are in a normally-pos-
sible range and when the deviation of the two detected
values is smaller than a given determination value, since
there still remains a possibility that either of the fuel
pressure sensors might be abnormal in characteristic al-
though it is not clearly determined in comparison with
the case in which the deviation is greater than the de-
termination value, the higher detected value is set as
the fuel pressure. Therefore, it is possible to prevent the
pressure of fuel in the fuel distribution pipes from in-
creasing excessively by carrying out an appropriate fail-
safe treatment using the fuel pressure that has been set
in this manner so as to control the fuel pump, and con-
sequently.

[0019] When only one of the detected values of pre-
determined two fuel pressure sensors is out of the
above-mentioned range, it is desirable that the above-
mentioned fuel pressure setting means sets the other
detected value of the fuel pressure sensors as the
above-mentioned fuel pressure.

[0020] When one of the detected values of the fuel
pressure sensors is out of the normally-possible range,
it is clear that the detected value is abnormal. When the
other detected value of the fuel pressure sensors is in
the range, the detected value is not clearly abnormal. In
addition, there is a very little possibility that both of the
two fuel pressure sensors fails to operate properly at the
same time. Based upon these facts, the latter (the other)
detected value is considered to be normal.

[0021] As described above, in the fuel pressure set-
ting means, when one of the detected values of the fuel
pressure sensors is out of a normally-possible range,
while the other detected value of the fuel pressure sen-
sors is in the range, the latter (the other) detected value
of the fuel pressure sensors is set as a fuel pressure so
as to be used in the controlling operation in the fuel in-
jection control means. Therefore, it is possible to pre-
vent a failure caused by using the former (one) detected
value of the fuel pressure sensor which is considered to
be clearly abnormal. The latter (the other) detected val-
ue considered to be normal is used so that the control-
ling process is carried out appropriately.
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[0022] When both of the detected values of the pre-
determined two fuel pressure sensors are out of the
above-mentioned range, itis desirable that the fuel pres-
sure setting means sets a value in accordance with an
operating state of the engine as the above-mentioned
fuel pressure.

[0023] In accordance with the above-mentioned ar-
rangement, when both of the detection values of the fuel
pressure sensors are out of a normally-possible range,
itis clear that both detected values are abnormal. There-
fore, instead of the detected values of the two fuel pres-
sure sensors, the fuel pressure setting means sets a val-
ue determined in accordance with an operating state of
the engine at that time as the fuel pressure, and this
value is used in the controlling operation by the fuel in-
jection control means.

[0024] Therefore, it is possible to prevent a failure
caused by using the detected values of both of the fuel
pressure sensors that are considered to be clearly ab-
normal in the above-mentioned controlling operation.
Thus, itis possible to appropriately continue the control-
ling operation by using a value set in accordance with
an operating state of the engine at that time.

[0025] When both of the detected values of the pre-
determined two fuel pressure sensors are in the above-
mentioned range, and when the deviation of the two de-
tected values is equal to or greater than the above-men-
tioned determination value, it is desirable that the fuel
pressure setting means sets the value determined
based upon an operating state of the engine as the fuel
pressure.

[0026] In accordance with the above-mentioned ar-
rangement, when both detected values of the two fuel
pressure sensors are in the normally-possible range,
and when the deviation of the two detected values is
equal to or greater than a given determination value, ei-
ther of the fuel pressure sensors is considered to be
clearly abnormal in characteristic. However, it is unclear
which is abnormal in characteristic. Therefore, instead
of the detected values of the two fuel pressure sensors,
the fuel pressure setting means sets a value determined
in accordance with an operating state of the engine at
that time as the fuel pressure, and this value is used in
the controlling operation by the fuel injection control
means.

[0027] Therefore, itis possible to prevent the detected
value of a fuel pressure sensor that is suspected of be-
ing abnormal from being used in the above-mentioned
controlling operation, causing an excessive amount of
fuel to be injected from the fuel injection valves as well
as causing the pressure of fuel in the fuel distribution
pipes to rise excessively. Thus, it is possible to appro-
priately continue the controlling operation by using a val-
ue set in accordance with an operating state of the en-
gine at that time.

[0028] In still another aspect of the present invention,
a fuel injection control method is provided. The method
includes the steps of: detecting pressures of fuel in fuel
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distribution pipes that distribute pressurized fuel to a
plurality of fuel injection valves of an engine by using a
plurality of fuel pressure sensors, setting a fuel pressure
to be used as a controlling parameter based upon the
detected value of each of the fuel pressure sensors, and
obtaining an injection period based upon a fuel injection
amount in accordance with an operating state of the en-
gine and the fuel pressure setin the fuel pressure setting
step and controlling the fuel injection valves so as to in-
ject the fuel during the injection period. In particular, in
the fuel pressure setting step, when detected values of
predetermined two fuel pressure sensors are each in a
normally-possible range and when the deviation of the
two detected values is smaller than a given determina-
tion value, the higher detected value is set as a fuel pres-
sure used for calculating the injection period. Therefore,
in the same manner as the aspect with respect to the
device, it is possible to carry out an appropriate fail-safe
treatment, and consequently to prevent an excessive
amount of fuel from being injected.

Brief Description of the Drawings
[0029]

Fig. 1 is a schematic drawing that shows a structure
of one embodiment in which a fuel injection control
device of the presentinvention is embodied in a die-
sel engine;

Fig. 2 is a graph that shows an output characteristic
of a fuel pressure sensor;

Fig. 3 is a flowchart that shows a sequence in which
fuel pressure is set;

Fig. 4 is a flowchart that also shows a sequence in
which fuel pressure is set;

Fig. 5is a flowchart that shows a sequence in which
an injection period is set in an injection amount con-
trolling process;

Fig. 6 is a schematic drawing that shows a control
map used for setting the injection period; and

Fig. 7 is a flowchart that shows a sequence in which
injection pressure is controlled.

Best Mode for Carrying out the Invention

[0030] Referring to the drawings, the following de-
scription will discuss one embodiment of a fuel injection
control device of the present invention.

[0031] As shown in Fig. 1, a vehicle is provided with
an accumulator diesel engine 11 (hereinafter, referred
to simply as engine). The engine 11 is provided with a
cylinder block 14 having a cylinder head 12 and a plu-
rality of cylinders 13. Each cylinder 13 has a piston 15
housed therein such that the piston can reciprocate.
Each piston 15 is connected to a crankshaft (not shown)
that is an output shaft of the engine 11 via a connecting
rod 16. The reciprocating movement of each piston 15
is converted to a rotary movement by the connecting rod
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16, and then transmitted to the crankshaft.

[0032] An intake passage 18 is connected to a com-
bustion chamber formed in each cylinder 13 so that ex-
ternal air of the engine 11 is taken into the combustion
chamber through the intake passage 18. Moreover, an
exhaust passage 19 is connected to the combustion
chamber. In the cylinder head 12, an intake valve 21 and
an exhaust valve 22 are provided in each of the cylinders
13. These intake valve 21 and exhaust valve 22 are re-
ciprocated in cooperation with the rotation of the crank-
shaft so that the connecting portions of the intake pas-
sage 18 and the exhaust passage 19 to the combustion
chamber are each opened and closed.

[0033] A fuel injection valve (injector) 23 for injecting
fuel into the combustion chamber of each of the cylin-
ders 13 is provided in the cylinder head 12. The fuel in-
jection from each fuel injection valve 23 to the corre-
sponding combustion chamber is controlled by an elec-
tromagnetic valve 24. The fuel injection valve 23 is con-
nected to fuel distribution pipes, that is, a common rail
25 so that, while the electromagnetic valve 24 is open,
fuel inside the common rail 25 is injected to the corre-
sponding combustion chamber from the fuel injection
valve 23. A comparatively high pressure, which corre-
sponds to a fuel injection pressure, is accumulated in
the common rail 25. In order to realize this pressure ac-
cumulation, the common rail 25 is connected to a dis-
charge port 28 of a supply pump 27 through a supply
pipe 26.

[0034] A suction port 31 of the supply pump 27 is con-
nected to a fuel tank 33 through a filter 32. The supply
pump 27 intakes fuel from the fuel tank 33 through the
filter 32. Moreover, the supply pump 27 allows a plunger
to reciprocate by a cam, not shown, that is synchronous
to the rotation of the engine 11 so that the fuel is allowed
to have a predetermined pressure, and be supplied to
the common rail 25.

[0035] A pressure control valve 34, which controls the
pressure of fuel to be discharged from the discharge port
28 to the common rail 25, and consequently controls the
amount of discharge, is placed in the vicinity of the dis-
charge port 28 of the supply pump 27. Excessive fuel,
which is not discharged from the discharge port 28, is
returned to the fuel tank 33 through a return pipe 36 from
a return port 35 of the supply pump 27 by opening the
pressure control valve 34.

[0036] A relief valve 37, which is opened when prede-
termined conditions are satisfied, is placed in the com-
mon rail 25. When this relief valve 37 is opened, high-
pressure fuel in the common rail 25 is returned to the
fuel tank 33 through the return pipe 38 so that the pres-
sure inside the common rail 25 is lowered.

[0037] Then, from the fuel injection valve 23, fuel is
injected to high-temperature, and high-pressure suction
air that has been introduced into the cylinder 13 through
the intake passage 18, and compressed by the piston
15. This injected fuel is self-ignited, and burned. The pis-
ton 15 is reciprocated by combustion gas generated at
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this time so that the crankshaft is rotated to provide a
driving force (output torque) of the engine 11. The com-
bustion gas is externally discharged from the engine 11
through the exhaust passage 19.

[0038] In order to detect an operating state of the en-
gine 11, various sensors, such as a coolant temperature
sensor 41, a rotation speed sensor 42, an acceleration
pedal sensor 43 and a plurality of fuel pressure sensors,
are used. The coolant temperature sensor 41 is at-
tached to the cylinder block 14 so that the temperature
of cooling water which flows through a water jacket 14a,
that is, the cooling water temperature, is detected. A ro-
tation speed sensor 42 is placed in the vicinity of the
crankshaft so that the number of revolution of the crank-
shaft per unit time, that is, the engine rotation speed, is
detected. The acceleration pedal sensor 43 detects the
acceleration depression amount by the driver, of an ac-
celeration pedal 39, that is, the acceleration opening.
[0039] A plurality of fuel pressure sensors are at-
tached to the common rail 25 to detect the pressure of
fuel inside the common rail 25. In the present embodi-
ment, a first fuel pressure sensor 44 and a second fuel
pressure sensor 45 are used as a plurality of fuel pres-
sure sensors. Each of the two fuel pressure sensors 44
and 45 outputs a voltage (analog value) that is propor-
tional to the pressure of the fuel.

[0040] Fig. 2 shows characteristics of the voltage VPC
output from the two fuel pressure sensors 44 and 45. In
the drawing, afirst areaindicated by a broken line, which
is lower than a lower-limit value VMIN, and a second
area also indicated by a broken line, which is higher than
a higher-limit value VMAX, are areas in which values of
the fuel pressure sensors 44 and 45 would never belong
to if they are normal. When the voltage VPC is in the
first area (VPC<VMIN), it is highly possible that fuel
pressure sensors 44 and 45 are disconnected. Moreo-
ver, when the voltage VPC is in the second area
(VPC>VMAX), it is highly possible that fuel pressure
sensors 44 and 45 are short-circuited. In other words,
the area indicated by VMIN<SVPC<VMAX is an area in
which values of normal fuel pressure sensors 44 and 45
usually belong.

[0041] A first character line L1, indicated by a solid
line, shows a characteristic of a voltage output from a
normal first fuel pressure sensor 44, and a second char-
acter line L2, indicated by a solid line, shows a charac-
teristic of a voltage output from a normal second fuel
pressure sensor 45. The two characteristic lines L1 and
L2 show that the voltage increases in proportion to the
rise of the pressure (fuel pressure) within the above-
mentioned normally-possible range. Here, the two char-
acteristic lines L1, L2 are not coincident with each other,
and different from each other by a predetermined
amount of voltage AV with respect to the same pressure.
[0042] In Fig. 2, an area surrounded by two dashed
lines shows a first range R1 in which a voltage, output
from a normal first fuel pressure sensor 44, disperses
around the above-mentioned characteristic line L1 as
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its center. In the same manner, an area surrounded by
two chain double-dashed lines shows a second range
R2 in which a voltage, output from a normal second fuel
pressure sensor 45, disperses around the above-men-
tioned characteristic line L2 over the whole range of
pressure as its center.

[0043] Inthe event of an abnormality in characteristic
in the first fuel pressure sensor 44, the voltage output
from the sensor 44 deviates from the first range R1.
Moreover, in the event of an abnormality in characteris-
tic in the second fuel pressure sensor 45, the voltage
output from the sensor 45 deviates from the second
range R2.

[0044] As shown in Fig. 1, in order to control respec-
tive parts of an engine 11 based upon the above-men-
tioned detected values of the various sensors 41 to 45,
a vehicle is provided with an electronic control unit
(ECU) 46. The ECU 46 is formed with a microcomputer
as its center so that a central processing unit (CPU) car-
ries out calculating processes in accordance with a con-
trol program, initial data and control maps, etc. that are
stored in a read-only memory (ROM), and executes var-
ious controlling processes based upon the results of cal-
culations. The results of calculations by the CPU are
temporarily stored in a random access memory (RAM).
Moreover, the ECU 46 is provided with an A/D converter
47 which converts a voltage (analog value) output from
the individual fuel pressure sensors 44 and 45 to a digital
value. The above-mentioned various controlling proc-
esses include setting of a fuel pressure, controlling of
the amount of injection of fuel and controlling of the in-
jection pressure.

[0045] In setting the above-mentioned fuel pressure,
the ECU 46 executes a "fuel pressure setting routine"
shown in Figs. 3 and 4 repeatedly, for example, every
predetermined period of time in predetermined timing.
[0046] Instep S100, the ECU 46 first A/D converts the
output voltage of the first fuel pressure sensor 44 to ob-
tain an A/D conversion value VPC1. In step S105, it A/
D converts the output voltage of the second fuel pres-
sure sensor 45 to obtain an A/D conversion value VPC2.
[0047] Next,instep S110, itcalculates afirst fuel pres-
sure PCR1 in accordance with the following equation 1,
and also calculates a second fuel pressure PCR2 in ac-
cordance with the following equation 2. Equation 1 is a
converting equation used for converting the A/D conver-
sion value VPC1 to the first fuel pressure PCR1, and
equation 2 is a converting equation used for converting
the A/D conversion value VPC2 to the second fuel pres-
sure PCR2. A and B in equation 1 and C and D in equa-
tion 2 are constant values. In accordance with equation
1 and equation 2, when both fuel pressure sensors 44
and 45 are normal, fuel pressures PCR1 and PCR2 are
determined to be approximately the same value.

PCR1 =VPC1-A+B Equation 1
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PCR2 = VPC2:C+D Equation 2

[0048] Subsequently, in step S115, it is determined
whether or not only the first fuel pressure PCR1 is ab-
normal. More specifically, it is determined whether or not
both of the conditions that the first fuel pressure PCR1
is out of the normally-possible range (MIN1 to MAX1)
and the second fuel pressure PCR2 belongs to the nor-
mally-possible range (MIN2 to MAX2) are satisfied. In
this case, the lower-limit values MIN1, MIN2 correspond
to the lower-limit value VMIN of Fig. 2, and the upper-
limit values MAX1, MAX2 correspond to the upper-limit
value VMAX of Fig. 2.

[0049] When the determination conditions in the step
S115 are satisfied, since the first fuel pressure PCR1 is
out of the above-mentioned normal range (MIN1 to
MAX?1), it is clear that it (the first fuel pressure sensor)
is abnormal. Moreover, since the second fuel pressure
PCR2 belongs to the normal range (MIN2 to MAX2), it
(the second fuel pressure sensor) is not considered to
be clearly abnormal. In addition, there is a very little pos-
sibility that both of the two fuel pressure sensors 44 and
45 fail to function properly at the same time. Based upon
these facts, the second fuel pressure PCR2 is consid-
ered to be normal. Therefore, in step S120, the second
fuel pressure PCR2 is set as the final fuel pressure PCR,
and this routine is then completed.

[0050] When the determination conditions in the
above-mentioned step S115 are not satisfied, it is de-
termined in step S125 whether or not only the second
fuel pressure PCR2 is abnormal. More specifically, it is
determined whether or not both of the conditions that
the first fuel pressure PCR1 belongs to the normally-
possible range (MIN1 to MAX1) and the second fuel
pressure PCR2 is out of the normally-possible range
(MIN2 to MAX2) are satisfied.

[0051] When the determination conditions in the step
S125 are satisfied, since the second fuel pressure
PCR2 is out of the above-mentioned normal range
(MIN2 to MAX2), it is clear that it (the second fuel pres-
sure sensor) is abnormal. Moreover, since the first fuel
pressure PCR1 belongs to the normal range (MINI to
MAX1), it (the first fuel pressure sensor) is not consid-
ered to be clearly abnormal. In addition, there is a very
little possibility that both of the two fuel pressure sensors
44 and 45 fail to function properly at the same time.
Based upon these facts, the first fuel pressure PCR1 is
considered to be normal. Therefore, in step S130, the
first fuel pressure PCR1 is set as the final fuel pressure
PCR, and this routine is then completed.

[0052] When the determination conditions in the
above-mentioned step S125 are not satisfied, it is de-
termined in step S135 of Fig. 4 whether or not both of
the first fuel pressure PCR1 and the second fuel pres-
sure PCR2 are abnormal. More specifically, it is deter-
mined whether or not both of the condition that the first
fuel pressure PCR1 is out of the normal range (MIN1 to
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MAX1) and the condition that the second fuel pressure
PCR2 is out of the normal range (MIN2 to MAX2) are
satisfied.

[0053] When the determination conditions in step
S135 are satisfied, it is clear that both of the first and
second fuel pressures PCR1 and PCR2 are abnormal.
Based upon this fact, in step S140, in place of the two
fuel pressures PCR1 and PCR2, a target pressure,
which is determined based upon an operating state of
the engine 11 atthat time, is set as the final fuel pressure
PCR, and this routine is then completed. When the de-
termination conditions in step S135 are not satisfied, it
is determined in step S145 whether or not the absolute
value of the deviation APCR of the two fuel pressures
PCR1 and PCR2 is equal to or greater than a given de-
termination value X. This determination value X is set
by taking the above-mentioned variation of the first fuel
pressure PCR1 and variation of the second fuel pres-
sure PCR2, that is, the first and second ranges R1 and
R2, into consideration.

[0054] The process in step S145 is applied to a case
where either of the two fuel pressure sensors 44 and 45
is abnormal in characteristic, and used for determining
the degree of its abnormality. In other words, when the
first fuel pressure PCR1 and the second fuel pressure
PCR2 are greatly different from each other, it is consid-
ered to be clear that either of the fuel pressure sensors
44 (or 45) is abnormal in characteristic. In contrast,
when the fuel pressures PCR1 and PCR2 are close to
each other, although it is not as clear as the above-men-
tioned case, there still remains a possibility that either
of the fuel pressure sensors 44 (or 45) is abnormal in
characteristic.

[0055] Therefore, it is determined whether or not the
absolute value of the deviation APCR is equal to or
greater than the determination value X; and when it is
equal to or greater than the determination value, either
of them is determined to be clearly abnormal, and when
it is smaller than the determination value, it is deter-
mined that although it is not so clearly determined, there
is still a possibility that either of them is abnormal in char-
acteristic.

[0056] When the determination conditions in step
S145 are satisfied, this routine is completed after the
processes in the above-mentioned step S140. In con-
trast, when the determination conditions in step S145
are not satisfied, in step S150, the higher value of the
two fuel pressures PCR1 and PCR2 is set as the final
fuel pressure PCR, and this routine is then completed.
[0057] The final fuel pressure PCR, thus set based
upon the detected values of the fuel pressure sensors
44 and 45 as described above, is used for calculating
the amount of injection of fuel and the injection pressure
as a controlling parameter. Next, referring to Figs. 5 and
7, the following description will discuss "injection
amount control routines" and "injection pressure control
routines” that are executed by the ECU 46.

[0058] Fig. 5 shows a routine for setting the injection
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period among the injection amount control routines. In
this injection period setting routine, the ECU 46 first
reads an injection amount Q in step S200. The injection
amount Q is calculated based upon an operating state
of the engine 11 through an injection amount calculation
routine that has been prepared separately. In this injec-
tion amount calculation routine, for example, a prede-
termined control map is referred to so that a reference
fuel injection amount (reference fuel injection time) that
corresponds to the engine rotation speed and the accel-
eration opening is obtained. The reference fuel injection
amount is corrected based upon a cooling water tem-
perature, etc. so that the final injection amount Q is de-
termined.

[0059] Next, the ECU 46 reads the final fuel pressure
PCR in step S205. At this time, it reads the final fuel
pressure PCR that has been set in the above-mentioned
fuel pressure setting routine. In step S210, referring to
the control map shown in Fig. 6, the ECU 46 calculates
the injection period TQ of fuel.

[0060] In this control map, the injection period TQ is
specified based upon the injection amount Q and the
final fuel pressure PCR. In this control map, supposing
that the injection amount Q is constant, the injection pe-
riod TQ becomes shorter as the final fuel pressure PCR
increases. Moreover, supposing that the final fuel pres-
sure PCR is constant, the injection period TQ becomes
longer as the injection amount Q increases. Then, in the
above-mentioned step S210 of Fig. 5, the ECU 46 reads
the injection period TQ that corresponds to the above-
mentioned injection amount Q and final fuel pressure
PCR from the control map.

[0061] In step S215, the above-mentioned injection
period TQ is stored in a RAM, and this routine is then
completed. The injection period TQ is used as an ener-
gization period of time when the electromagnetic valve
24 of the fuel injection valve 23 is energization-control-
led in another routine. As a result, the fuel injection valve
23 is opened during the injection period TQ so that a
desired amount (injection amount Q) of fuel is injected.
[0062] In the injection pressure control routine of Fig.
7, in step S300, the ECU 46 adds a leak amount and an
estimated amount of target pressure variation to the in-
jection amount Q, and sets the result of addition as an
estimated discharging amount QBASE of the supply
pump 27. The injection amount is an amount of fuel to
be injected from the fuel injection valve 23, and the leak
amount is an amount of fuel that leaks from the fuel in-
jection valve 23, etc. The value, obtained by adding the
leak amount to the injection amount Q, forms an amount
of fuel that is required for maintaining the fuel pressure.
Moreover, the estimated amount of target pressure var-
iation is an amount of fuel (estimated amount) which,
when the target value of the fuel pressure, setin accord-
ance with an operating state of the engine 11, varies,
that is, when the target pressure PCRTRG varies, is re-
quired for making the actual fuel pressure coincident
with the target pressure PCRTRG.
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[0063] Next, in step S305, the final fuel pressure PCR
is subtracted from the target pressure PCRTRG and the
result of subtraction is set as the pressure deviation
PCRDL. In this case, the final fuel pressure PCR, which
has been set in the above-mentioned fuel setting rou-
tine, is used as the final fuel pressure PCR in the above-
mentioned step S305. Based upon this pressure devia-
tion PCRDL, a feedback (F/B) proportional term QFBP
and an F/B integral term GFBI are obtained in steps
S310 and S315. More specifically, in step S310, the
pressure deviation PCRDL is multiplied by a predeter-
mined value K, and the result of multiplication is set as
the F/B proportional term QFBP. In step S315, the prod-
uct of the above-mentioned pressure deviation PCRDL
and a predetermined value M is added to the F/B integral
term QFBI in the previous controlling cycle, and the re-
sult of addition is set as a new F/B integral term QFBI.
[0064] In step S320, the above-mentioned F/B pro-
portional term QFBP and the above-mentioned F/B in-
tegral term QFBI are added to the above-mentioned es-
timated discharging amount QBASE, and the result of
the addition is set as a final discharging amount QPF.
[0065] In step S325, based upon the above-men-
tioned final discharging amount QPF and engine rota-
tion speed, the ECU 46 obtains the current passing the
pump in accordance with a predetermined control map
or a predetermined arithmetic expression. In step S330,
the ECU 46 energization-controls the pressure control
valve 34 of the supply pump 27 by using the above-men-
tioned current passing the pump, and this routine is then
completed. In this manner, in the injection pressure con-
trol routine, the supply pump 27 is controlled so that the
final fuel pressure PCR is converged on the target pres-
sure PCRTRG that corresponds to an operating state of
the engine 11.

[0066] In accordance with the present embodiment
that has been discussed in detail, the following effects
are obtained.

(1) If, under a circumstance in which, of the two fuel
pressures PCR1 and PCR2, the higher value is cor-
rect and the lower value is incorrect, the latter lower
value is set as the final fuel pressure PCR, the in-
jection period TQ, which is determined based upon
the injection amount Q and the final fuel pressure
PCR, becomes longer than the injection period that
should be set. For this reason, when fuel is injected
during the period thus set, an amount of fuel that is
greater than the amount that should be injected is
injected.

In contrast, if, under a circumstance in which
the higher value is incorrect and the lower value is
correct, the former higher value is set as the final
fuel pressure PCR, the injection period TQ be-
comes shorter than the injection period that should
be set. For this reason, when fuel is injected during
the period thus set, an amount of fuel that is smaller
than the amount that should be injected is injected.
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In the present embodiment, when the first fuel
pressure PCR1 and second fuel pressure PCR2 are
each within normally-possible ranges and when the
deviation APCR of the two fuel pressures PCR1 and
PCR2 is smaller than a determination value X, the
higher value is set as the final fuel pressure PCR
(steps S135, S145 and S150) so as to be reflected
to the fuel injection amount control (step S205).
Therefore, by conducting an appropriate fail-safe
treatment, which uses the higher value as the final
fuel pressure PCR to carry out the injection amount
control, it becomes possible to prevent an exces-
sive amount of fuel being injected, and further to
prevent an excessive rise (overrun) in the engine
rotation speed due to an increase in the injection
amount.

(2) If, under a circumstance in which, of the two fuel
pressures PCR1 and PCR2, the higher value is cor-
rect and the lower value is incorrect, the latter lower
value is set as the final fuel pressure PCR, a control
amount (F/B proportional term QFBP, F/B integral
term QFBI), which is necessary to converge the fi-
nal fuel pressure PCR on the target pressure
PCRTRG, becomes greater than the control
amount that should be set (the F/B proportional
term QFBP and F/B integral term QFBI that are re-
quired when the former higher value is set as the
final fuel pressure PCR). For this reason, the pres-
sure of fuel to be supplied from the supply pump 27,
that is, the pressure of fuel within the common rail
25, becomes higher than the pressure of fuel that
should be set.

In contrast, if, under a circumstance in which
the higher value is incorrect and the lower value is
correct, the former higher value is set as the final
fuel pressure PCR, a control amount, which is re-
quired to converge the final fuel pressure PCR on
the target pressure PCRTRG, becomes smaller
than the control amount that should be set (the F/B
proportional term QFBP and F/B integral term QFBI
that are required when the latter lower value is set
as the final fuel pressure PCR). For this reason, the
pressure of fuel to be supplied from the supply
pump 27, thatis, the pressure of fuel within the com-
mon rail 25, becomes lower than the pressure of
fuel that should be set.

In the present embodiment, when the fuel pres-
sures PCR1 and PCR2 are each within normally-
possible ranges and when the deviation APCR is
smaller than the determination value X, the higher
value is set as the final fuel pressure PCR (steps
S135, S145 and S150) to be reflected to the fuel
injection amount control (step S305). Therefore, by
conducting an appropriate fail-safe treatment,
which uses the higher value as the final fuel pres-
sure PCR to carry out the injection amount control,
it becomes possible to prevent an excessive rise in
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the fuel pressure in the common rail 25.

(3) When one of the fuel pressures PCR1 (or PCR2)
is out of the normally-possible range while the other
fuel pressure PCR2 (or PCR1) belongs to the nor-
mally-possible range, the latter value is set as the
final fuel pressure PCR (steps S115, S120, S125
and S130). In other words, the fuel pressure PCR2
(or PCR1) that is considered to be normal is set as
the final fuel pressure PCR to be used for controlling
the injection amount of fuel and for controlling the
injection pressure (steps S205 and S305).

Therefore, it is possible to prevent a problem in
which the fuel pressure PCR1 (or PCR2) that is con-
sidered to be clearly abnormal is used in the above-
mentioned controlling process from occurring. It is
possible to carry out the controlling process appro-
priately by using the fuel pressure PCR2 (or PCR1)
thatis considered to be normal as the final fuel pres-
sure PCR.

(4) When both fuel pressures PCR1 and PCR2 are
out of the normally-possible ranges, it is clear that
both of the first and second fuel pressures PCR1
and PCR2 are abnormal. In the present embodi-
ment, in such a case, in place of the two fuel pres-
sures PCR1 and PCR2, a value (target pressure),
which is determined based upon an operating state
of the engine 11 at that time, is set as the final fuel
pressure PCR (steps S135 and S140), and this val-
ue is used for controlling the injection amount of fuel
and for controlling the injection pressure (steps
S205 and S305).

Therefore, it is possible to prevent a failure
caused by using both fuel pressures PCR1 and
PCR2 that are considered to be clearly abnormal in
the above-mentioned controlling operation. It is
possible to appropriately continue the controlling
operation by utilizing the target value as the final
fuel pressure PCR.

(5) When both fuel pressures PCR1 and PCR2 are
in normally-possible ranges and when the deviation
APCR is greater than a determination value X, ei-
ther of the fuel pressure sensors 44 (or 45) is con-
sidered to be clearly abnormal in characteristic.
However, itis unclear which one of the fuel pressure
sensors 44 (or 45) is abnormal in characteristic.
Therefore, in the present embodiment, in place of
the two fuel pressures PCR1 and PCR2, a value
(target pressure), which is suitable for an operating
state of the engine 11 at that time, is set as the final
fuel pressure PCR (steps S135, S145 and S140),
and this value is used for controlling the injection
amount of fuel and for controlling the injection pres-
sure (steps S205 and S305).

[0067] Therefore, it is possible to prevent a problem
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in which the fuel pressure PCR1 (or PCR2) that is sus-
pected of being abnormal in characteristic is used for
controlling operation causing an excessive amount of a
fuel injection or an excessive increase in the fuel pres-
sure. It is possible to appropriately continue the control-
ling operation by using the target value as the final fuel
pressure PCR.

[0068] Moreover, the present invention may be em-
bodied in the following other embodiments.

[0069] The presentinvention may be applied to a sys-
tem in which three fuel pressure sensors or more are
used and the detected values thereof are used as con-
trolling parameters to carry out controlling operations.
In this case, when, for example, fuel pressures, set by
predetermined two fuel pressure sensors, are each in
normally-possible ranges, and when the deviation
APCR is smaller than the determination value X, the
higher fuel pressure is set as the final fuel pressure
PCR.

[0070] Not limited to diesel engines, the present in-
vention is applicable to engines in which the injection
amount and injection pressure of fuel are controlled
based upon a fuel pressure inside a fuel distribution
pipe, for example, gasoline engines of a direct-injection
type in which fuel is directly injected into a combustion
chamber.

[0071] The presentinvention may be applied to a fuel
injection control device in which detected values from a
plurality of fuel pressure sensors are used for controlling
only the fuel injection amount, or for controlling only the
fuel pressure.

[0072] In the above-mentioned embodiment, fuel
pressure sensors 44 and 45, which output voltages that
are different from each other by a predetermined
amount AV with respect to the same pressure are used.
Therefore, when both fuel pressure sensors 44 and 45
are normal, a constant deviation is supposed to occur
between the two voltages. Based on this fact, the devi-
ation between A/D-converted values VPC1 and VPC2
is obtained, and when the deviation is smaller than a
predetermined value, the A/D converter 47 may be de-
termined to be abnormal. With this arrangement, it is
possible to detect if there is any abnormality in the A/D
converter 47.

[0073] The fuel pressure sensors 44 and 45 may be
replaced by fuel pressure sensors that output the same
voltage when the same pressure is applied.

Claims
1. A fuel injection control device comprising:

a plurality of fuel pressure sensors, wherein the
fuel pressure sensors are installed in fuel dis-
tribution pipes that distribute pressurized fuel
to a plurality of fuel injection valves of an en-
gine, and individually detect pressures of the
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fuel in the fuel distribution pipes;

fuel pressure setting means which sets a fuel
pressure to be used as a controlling parameter
based upon the detected value of each of the
fuel pressure sensors; and

fuel injection control means which obtains an
injection period based upon a fuel injection
amount that is set in accordance with an oper-
ating state of the engine and the fuel pressure
set by the fuel pressure setting means, and
wherein the fuel injection control means con-
trols the fuel injection valves so as to inject the
fuel during the injection period,

wherein, when detected values of predeter-
mined two fuel pressure sensors are each in a nor-
mally-possible range and when the deviation of the
two detected values is smaller than a given deter-
mination value, the fuel pressure setting means
sets the higher detected value as the fuel pressure
used for calculating the injection period by the fuel
injection control means.

A fuel injection control device comprising:

a plurality of fuel pressure sensors, wherein the
fuel pressure sensors are installed in fuel dis-
tribution pipes that distribute pressurized fuel
supplied from a fuel pump to a plurality of fuel
injection valves of an engine, and individually
detect pressures of the fuel in the fuel distribu-
tion pipes;

fuel pressure setting means which sets a fuel
pressure to be used as a controlling parameter
based upon the detected value of each of the
fuel pressure sensors; and

fuel injection control means which controls the
fuel pump so that the fuel pressure set by the
fuel pressure setting means is converged to a
target pressure that is set in accordance with
an operating state of the engine,

wherein, when respective detected values of
predetermined two fuel pressure sensors are each
in a normally-possible range and when the devia-
tion of the two detected values is smaller than a giv-
en determination value, the fuel pressure setting
means sets the higher detected value as the fuel
pressure to be used by the fuel injection control
means to control the fuel pump.

The fuel injection control device according to Claim
1 or 2, wherein, when only one of the detected val-
ues of predetermined two fuel pressure sensors is
out of the range, the fuel pressure setting means
sets the other detected value of the fuel pressure
sensors as the fuel pressure.
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The fuel injection control device according to Claim
1 or 2, wherein, when both detected values of the
predetermined two fuel pressure sensors are out of
the range, the fuel pressure setting means sets a
value in accordance with an operating state of the
engine as the fuel pressure.

The fuel injection control device according to Claim
1 or 2, wherein, when both detected values of the
predetermined two fuel pressure sensors are in the
range, and when the deviation of the two detected
values is equal to or greater than the determination
value, the fuel pressure setting means sets a value
determined in accordance with an operating state
of the engine as the fuel pressure.

A fuel injection control method comprising the steps
of:

detecting pressures of fuel in fuel distribution
pipes that distribute pressurized fuel to a plu-
rality of fuel injection valves of an engine by us-
ing a plurality of fuel pressure sensors;

setting a fuel pressure to be used as a control-
ling parameter based upon the detected value
of each of the fuel pressure sensors; and
obtaining an injection period based upon a fuel
injection amount set in accordance with an op-
erating state of the engine and the fuel pressure
set in the fuel pressure setting step and control-
ling the fuel injection valves so as to inject the
fuel during the injection period,

wherein in the fuel pressure setting step,
when detected values of predetermined two fuel
pressure sensors are each in a normally-possible
range and when the deviation of the two detected
values is smaller than a given determination value,
the higher detected value is set as a fuel pressure
used for calculating the injection period.

The fuel injection control method according to Claim
6, wherein, when only one of the detected values of
predetermined two fuel pressure sensors is out of
the range, the other detected value of the fuel pres-
sure sensors is set as the fuel pressure in the fuel
pressure setting step.

The fuelinjection control method according to Claim
6, wherein, when both detected values of the pre-
determined two fuel pressure sensors are out of the
range, a value determined in accordance with an
operating state of the engine is set as the fuel pres-
sure in the fuel pressure setting step.

The fuelinjection control method according to Claim
6, wherein, when both detected values of predeter-
mined two fuel pressure sensors are in the range,
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10.

20

and when the deviation of the two detected values
is equal to or greater than the determination value,
a value determined in accordance with an operating
state of the engine is set as the fuel pressure in the
fuel pressure setting step.

The fuel injection control method according to Claim
6, wherein the pressure of fuel in each fuel distribu-
tion pipe is detected by two fuel pressure sensors.
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