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(67)  Amalfunction detection device for an engine de-
tects whether a pressure reducing valve (6) thatdischarg-
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pressure in the fuel system is stuck closed. The malfunc-
tion detection device is configured to provide a valve
opening command to open the pressure reducing valve
(6) after the engine is stopped, detect an amount of re-
duction in the fuel pressure per unit time before the valve
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opening command is provided and an amount of reduc-
tionin the fuel pressure per unit time after the valve open-
ing command is provided, and determine whether the
pressure reducing valve (6) is stuck closed based on the
detected amount of reduction in the fuel pressure per unit
time before the valve opening command is provided and
the detected amount of reduction in the fuel pressure per
unit time after the valve opening command is provided.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a malfunction detection
device for an engine and a malfunction detection method
for an engine, which detect a state where a pressure
reducing valve that discharges fuel from a fuel system of
an engine to reduce fuel pressure in the fuel system is
stuck closed, as a malfunction.

2. Description of Related Art

[0002] A common rail diesel engine that is provided
with a common rail in which high-pressure fuel is accu-
mulated has been placed into practical use, as is well
known. The fuel supplied through the common rail is in-
jected into combustion chambers of the engine. In recent
years, raising of fuel pressure has been promoted to im-
prove injection response and promote atomization of
sprayed fuel in the above-described common rail diesel
engine. The raising of fuel pressure has caused a de-
mand for improvement in the accuracy of control on the
pressure of fuel accumulated in the common rail (rail
pressure). The rail pressure is controlled through control
on an amount of fuel that is pressurized and supplied to
the common rail by a high-pressure fuel pump, and con-
trol on a pressure reducing valve that discharges the fuel
from the common rail.

[0003] Asapressurereducingvalve,thereisemployed
anormally-closed valve that provides communication be-
tween the inside of a common rail and a relief passage
with the use of an electromagnetic attraction force that
is generated by the passage of electric current through
a solenoid, for example. In the pressure reducing valve,
a valve closing operation failure occurs, that is, the pres-
sure reducing valve is not fully closed even when the
passage of electric current through the solenoid is inter-
rupted, in some cases. As a malfunction detection device
for an engine, which detects a valve closing operation
failure of a pressure reducing valve as described above,
a device described in Japanese Patent Application Pub-
lication No. 2006-257883 (JP 2006-257883 A) is known.
In the malfunction detection device described in JP
2006-257883 A, a reference pressure reduction amount
is set to the sum of a pressure reduction amount that is
estimated from an upper limit of a fuel release amount,
which is defined in a performance standard of the pres-
sure reducing valve, and a pressure reduction amount
that is estimated from an upper limit of a fuel leakage
amount, which is defined in a performance standard of
the injectors. If an amount of reduction in rail pressure
after the pressure reducing valve is opened after the en-
gine is stopped is equal to or larger than the reference
pressure reduction amount, it is determined that a valve
closing operation failure has occurred in the pressure
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reducing valve.

[0004] Malfunctions of the pressure reducing valve in-
clude not only the valve closing operation failure de-
scribed above but also a malfunction that the pressure
reducing valve is stuck closed and does not open, due
to a stuck valve element, even when electric current is
passed through the solenoid. It is possible to detect a
state where the pressure reducing valve is stuck closed
by detecting a fact that the rail pressure is not reduced
even when a command to open the pressure reducing
valve is provided after the engine is stopped. However,
the factors causing increases in the amount of reduction
in rail pressure include not only opening of the pressure
reducing valve but also fuel leakage from the fuel system
due to foreign matter caught in a valve portion of an in-
jector and foreign matter caught in a spill valve of a high-
pressure fuel pump. Therefore, if foreign matter is caught
in the valve portion of the injector or the spill valve of the
high-pressure fuel pump, the rail pressure is reduced
even though the pressure reducing valve is not opened.
Therefore, itis not possible to appropriately detect wheth-
er the pressure reducing valve is stuck closed, when the
pressure reducing valve is stuck closed and, in addition,
a failure that increases an amount of reduction in rail
pressure has occurred.

SUMMARY OF THE INVENTION

[0005] The invention provides a malfunction detection
device for an engine and a malfunction detection method
foran engine, which are able to more appropriately detect
whether a pressure reducing valve is stuck closed.
[0006] A first aspect of the invention relates to a mal-
function detection device for an engine, which detects
whether a pressure reducing valve that discharges fuel
from a fuel system of an engine to reduce fuel pressure
in the fuel system is stuck closed. The malfunction de-
tection device is configured to provide a valve opening
command to open the pressure reducing valve after the
engine is stopped, detect an amount of reduction in the
fuel pressure per unit time before the valve opening com-
mand is provided and an amount of reduction in the fuel
pressure per unit time after the valve opening command
is provided, and determine whether the pressure reduc-
ing valve is stuck closed based on the detected amount
of reduction in the fuel pressure per unit time before the
valve opening command is provided and the detected
amount of reduction in the fuel pressure per unit time
after the valve opening command is provided.

[0007] If fuel leakage from the fuel system has oc-
curred due to foreign matter caught in a valve portion of
an injector or foreign matter caught in a spill valve of a
high-pressure fuel pump, the fuel pressure in the fuel
system is reduced regardless of whether the pressure
reducing valve is opened or closed. In this case, reduction
in the fuel pressure due to the fuel leakage occurs before
the pressure reducing valve is opened, and both reduc-
tion in the fuel pressure due to the fuel leakage and re-
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duction in the fuel pressure due to opening of the pres-
sure reducing valve occur after the pressure reducing
valve is opened. Therefore, even when the fuel pressure
is reduced due to a factor other than opening of the pres-
sure reducing valve, it is possible to determine whether
the amount of reduction in the fuel pressure is increased
due to opening of the pressure reducing valve, that is,
whether the pressure reducing valve is actually opened
in response to the valve opening command, by compar-
ing the amount of reduction in the fuel pressure per unit
time before the valve opening command for the pressure
reducing valve is provided with the amount of reduction
in the fuel pressure per unit time after the valve opening
command is provided. Therefore, with the above config-
uration, it is possible to more appropriately detect wheth-
er the pressure reducing valve is stuck closed.

[0008] In the above aspect, the malfunction detection
device may be configured to determine that the pressure
reducing valve is stuck closed when there is no change
between the detected amount of reduction in the fuel
pressure per unit time before the valve opening com-
mand for the pressure reducing valve is provided and the
detected amount of reductionin the fuel pressure per unit
time after the valve opening command for the pressure
reducing valve is provided.

[0009] If fuel leakage from the fuel system has oc-
curred due to, for example, foreign matter caught in the
valve portion of the injector or foreign matter caught in
the spill valve of the high-pressure fuel pump, the fuel
pressure in the fuel system is reduced regardless of
whetherthe pressure reducing valve is opened or closed.
In this case as well, if the pressure reducing valve is ac-
tually opened in response to the command, the rate of
reduction in the fuel pressure, that is, the amount of re-
ductionin the fuel pressure per unit time should increase.
Accordingly, if the amount of reduction in the fuel pres-
sure per unit time is not changed even though the com-
mand to open the pressure reducing valve is provided,
it is determined that the pressure reducing valve is not
opened despite provision of the valve opening command,
that is, the pressure reducing valve is stuck closed.
Therefore, with the above configuration, it is possible to
more appropriately detect whether the pressure reducing
valve is stuck closed.

[0010] In the above aspect, the malfunction detection
device may be configured to determine whether the pres-
sure reducing valve is stuck closed based on a difference
between the detected amount of reduction in the fuel
pressure per unit time before the valve opening com-
mand is provided and the detected amount of reduction
in the fuel pressure per unit time after the valve opening
command is provided.

[0011] If fuel leakage from the fuel system has oc-
curred due to, for example, foreign matter caught in the
valve portion of the injector or foreign matter caught in
the spill valve of the high-pressure fuel pump, the fuel
pressure in the fuel system is reduced regardless of
whetherthe pressure reducing valve is opened or closed.
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In this case as well, if the pressure reducing valve is ac-
tually opened in response to the command, the rate of
reduction in the fuel pressure, that is, the amount of re-
duction in the fuel pressure per unit time should be larger
than that before the command is provided. Accordingly,
if the difference between the amount of reduction in the
fuel pressure per unit time before the valve opening com-
mand is provided and the amount of reduction in the fuel
pressure per unit time after the valve opening command
is provided is approximately zero, it is determined that
the pressure reducing valve is not opened despite pro-
vision of the valve opening command, that is, the pres-
sure reducing valve is stuck closed. Therefore, with the
above configuration, it is possible to more appropriately
detect whether the pressure reducing valve is stuck
closed.

[0012] In the above aspect, the malfunction detection
device may be configured to determine whether the pres-
sure reducing valve is stuck closed based on a ratio of
the detected amount of reduction in the fuel pressure per
unit time after the valve opening command is provided
to the detected amount of reduction in the fuel pressure
per unit time before the valve opening command is pro-
vided.

[0013] If fuel leakage from the fuel system has oc-
curred due to, for example, foreign matter caught in the
valve portion of the injector or foreign matter caught in
the spill valve of the high-pressure fuel pump, the fuel
pressure in the fuel system is reduced regardless of
whether the pressure reducing valve is opened or closed.
In this case as well, if the pressure reducing valve is ac-
tually opened in response to the command, the amount
of reduction in the fuel pressure per unit time should be
larger than that before the command is provided. Accord-
ingly, if the ratio of the amount of reduction in the fuel
pressure per unit time after the valve opening command
is provided to the amount of reduction in the fuel pressure
per unit time before the valve opening command is pro-
vided is approximately one, itis determined that the pres-
sure reducing valve is not opened despite provision of
the valve opening command, that is, the pressure reduc-
ing valve is stuck closed. Therefore, with the above con-
figuration, it is possible to more appropriately detect
whether the pressure reducing valve is stuck closed.
[0014] The malfunction detection device for an engine
according to the above aspect may be applied to a com-
mon rail diesel engine in which a pressure reducing valve
is configured as a valve that discharges fuel from a com-
mon rail.

[0015] A second aspect of the invention relates to a
malfunction detection method for an engine, for detecting
whether a pressure reducing valve that discharges fuel
from a fuel system of an engine to reduce fuel pressure
in the fuel system is stuck closed. The malfunction de-
tection method includes: detecting an amount of reduc-
tion in the fuel pressure per unit time after the engine is
stopped; providing a valve opening command to open
the pressure reducing valve; detecting an amount of re-
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duction in the fuel pressure per unit time after the valve
opening command is provided; and determining whether
the pressure reducing valve is stuck closed based on the
detected amount of reductionin the fuel pressure per unit
time before the valve opening command is provided and
the detected amount of reduction in the fuel pressure per
unit time after the valve opening command is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features, advantages, and technical andindus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a schematic view showing the structure of
afuel system of a common rail diesel engine to which
a malfunction detection device for an engine accord-
ing to an embodiment of the invention is applied;
FIG. 2 is a flowchart showing the process of a routine
for determining whether a valve is stuck closed ac-
cording to the embodiment;

FIG. 3isatime chart showing an example of a control
mode for determining whether the valve is stuck
closed according to the embodiment when there is
no fuel leakage; and

FIG. 4is atime chart showing an example of a control
mode for determining whether the valve is stuck
closed according to the embodiment when there is
fuel

leakage.
DETAILED DESCRIPTION OF EMBODIMENTS

[0017] Hereafter, a malfunction detection device for an
engine according to an embodiment of the invention will
be described in detail with reference to FIG. 1 to FIG. 4.
The malfunction detection device according to the em-
bodiment is applied to a common rail diesel engine.
[0018] First, the structure of a common rail diesel en-
gine to which the malfunction detection device according
to the embodiment is applied will be described with ref-
erence to FIG. 1. The fuel stored in a fuel tank 1 is drawn
up by a high-pressure fuel pump 2. The high-pressure
fuel pump 2 that is driven by a crankshaft pressurizes
the fuel drawn up from the fuel tank 1 and then discharges
the pressurized fuel. The high-pressure fuel discharged
from the high-pressure fuel pump 2 is delivered to a com-
mon rail 4. The high-pressure fuel pump 2 is provided
with a spill valve by which excess fuel is returned to the
fuel tank 1 through a check valve 3.

[0019] The common rail 4, which is an accumulator
pipe, is provided with a rail pressure sensor 5 that detects
a fuel pressure inside the common rail 4, that is, a rail
pressure. Further, the common rail 4 is provided with a
pressure reducing valve 6. The fuel discharged from the
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common rail 4 upon opening of the pressure reducing
valve 6 is returned to the fuel tank 1 through the check
valve 3.

[0020] Injectors 7 for respective cylinders are connect-
ed to the common rail 4. The high-pressure fuel accumu-
lated inside the common rail 4 is distributed to the injec-
tors 7 for the respective cylinders. Then, the fuel is in-
jected from the injectors 7 to combustion chambers of
the diesel engine. The excess fuel, that is, the fuel that
is supplied to the injectors 7 but is not injected from the
injectors 7, isreturned to the fuel tank 1 through the check
valve 3.

[0021] The common rail diesel engine that has the
above-described fuel system is controlled by an electron-
ic control unit 8 for engine control. The electronic control
unit 8 includes a central processing unit (CPU) that ex-
ecutes various calculations related to engine control, a
read-only memory (ROM) that stores programs and data
for the engine control, and a random access memory
(RAM) that temporarily stores, for example, calculation
results obtained by the CPU and detection results ob-
tained by sensors provided at various portions of the en-
gine. The electronic control unit 8 adjusts an amount of
fuel that is pumped from the high-pressure fuel pump 2
and an amount of fuel that is discharged from the com-
mon rail 4 through the pressure reducing valve 6, based
on the detection results obtained by the rail pressure sen-
sor 5. In this way, the electronic control unit 8 controls
the rail pressure so that a target value of the rail pressure
is achieved. In addition, the electronic control unit 8 trans-
mits command signals to solenoid valves of the injectors
7 to control fuel injection timing and a fuel injection
amount.

[0022] In the common rail diesel engine configured as
described above, the electronic control unit 8 determines
whether the pressure reducing valve 6 is stuck closed
when the engine is stopped. The determination is made
through the process of a routine for determining whether
the valve is stuck closed as shown in FIG. 2. The process
of the routine is started by the electronic control unit 8
when an ignition switch is turned off. When the ignition
switch is turned off, the pressure reducing valve 6 is
closed.

[0023] When the process of the routine is started, first,
an amount of reduction in fuel pressure (rail pressure)
per unit time, that is, a rate of reduction in fuel pressure
is detected in step S101. When the detection is complet-
ed, a valve opening command is output to the pressure
reducing valve 6 (i.e., a valve opening command for the
pressure reducing valve 6 is provided ) in step S102.
Then, after the output of the valve opening command, an
amount of reduction in fuel pressure (rail pressure) per
unit time, that is, a rate of reduction in fuel pressure is
detected again in step S103.

[0024] After detection of the rate of reduction in fuel
pressure before the output of the valve opening com-
mand and detection of the rate of reduction in fuel pres-
sure after the output of the valve opening command are
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completed, it is determined in step S104 whether there
is a change in rate of reduction in fuel pressure between
before and after the output of the valve opening com-
mand. Whether there is a change in rate of reduction in
fuel pressure between before and after the output of the
valve opening command is determined, for example, by
determining whether a difference in rate of reduction in
fuel pressure between before and after the output of the
valve opening command is equal to or larger than a pre-
determined reference value, or by determining whether
a ratio of the rate of reduction in fuel pressure after the
output of the valve opening command to the rate of re-
duction in fuel pressure before the output of the valve
opening command is equal to or higher than a predeter-
mined reference value.

[0025] If a condition that there is no change in rate of
reduction in fuel pressure between before and after the
output of the valve opening command is satisfied (YES
in S104), it is determined in step S105 that the pressure
reducing valve 106 is stuck closed, and then the process
of the routine ends. On the other hand, if there is a sig-
nificant change in rate of reduction in fuel pressure be-
tween before and after the output of the valve opening
command, in other words, if the condition that there is no
change in rate of reduction in fuel pressure between be-
fore and after the output of the valve opening command
is not satisfied (NO in S104), it is determined in step S106
that the pressure reducing valve 6 is not stuck closed
and then the process of the routine ends.

[0026] Next, operations of the thus configured mal-
function detection device for an engine according to the
embodiment will be described. First, with reference to
FIG. 3, description will be provided regarding a control
mode when there has not occurred fuel leakage from the
fuel system due to foreign matter caughtin a valve portion
of the solenoid valve of the injector 7 or foreign matter
caught in the spill valve of the high-pressure fuel pump 2.
[0027] At time tO in FIG. 3, the ignition switch (IG
switch) is turned off. Then, based on a reduction amount
APref of the fuel pressure (rail pressure), that is, an
amount by which the fuel pressure (rail pressure) is re-
duced until a lapse of a predetermined period TA after
the ignition switch is turned off at time t0, an amount of
reduction in fuel pressure per unittime, thatis, areduction
rate APref/TA is calculated. When the ignition switch is
turned off, the pressure reducing valve 6 is closed. If there
is no fuel leakage, the fuel pressure inside the common
rail 4 is maintained. Therefore, in this case, the fuel pres-
sure reduction amount APref and the fuel pressure re-
duction rate APref/TA are both zero.

[0028] Attime t1 at which the calculation is completed,
a valve opening command is output to the pressure re-
ducing valve 6. Then, based on a reduction amount AP,
that is, an amount by which the fuel pressure (rail pres-
sure) is reduced until a lapse of a predetermined period
TB after the valve opening command is output at time t1,
an amount of reduction in fuel pressure per unit time, that
is, a reduction rate AP/TB is calculated.
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[0029] If there is no malfunction in the pressure reduc-
ing valve 6 and the pressure reducing valve 6 is opened
in response to the above-described valve opening com-
mand, the fuel is discharged from the common rail 4 and
the fuel pressure (rail pressure) inside the common rail
4 isreduced. In this case, there is a significant difference
in rate of reduction in fuel pressure between before and
after the output of the valve opening command. As a re-
sult, the electronic control unit 8 determines thatthe pres-
sure reducing valve 6 is not stuck closed.

[0030] Ifthe pressure reducing valve 6 is stuck closed,
the pressure reducing valve 6 remains closed even if the
valve opening command is output. The fuel is not dis-
charged from the common rail 4, and the fuel pressure
inside the common rail 4 (rail pressure) remains un-
changed. Therefore, in this case, the rate of reduction in
fuel pressure remains at zero even after the valve open-
ing command is output, and there is no significant differ-
ence in rate of reduction in fuel pressure between before
and after the output of the valve opening command. As
a result, the electronic control unit 8 determines that the
pressure reducing valve 6 is stuck closed.

[0031] Next, with reference to FIG. 4, description will
be provided regarding a control mode when there has
occurred fuel leakage from the fuel system due to foreign
matter caught in the valve portion of the solenoid valve
of the injector 7 or foreign matter caught in the spill valve
of the high-pressure fuel pump 2.

[0032] At time tO in FIG. 4, the ignition switch (IG
switch) is turned off. In this case as well, based on a
reduction amount APref of the fuel pressure (rail pres-
sure), that is, an amount by which the fuel pressure (rail
pressure) is reduced until a lapse of a predetermined
period TA after the ignition switch is turned off at time t0,
an amount of reduction in fuel pressure per unit time, that
is, a reduction rate APref/TA is calculated. In this case,
the fuel pressure (rail pressure) inside the common rail
4 is reduced over time due to the fuel leakage at the
injector 7 or at the high-pressure fuel pump 2. Therefore,
the fuel pressure reduction rate APref/TA in this case is
a positive value.

[0033] Attime t1 at which the calculation is completed,
a valve opening command is output to the pressure re-
ducing valve 6. Then, based on a reduction amount AP,
that is, an amount by which the fuel pressure (rail pres-
sure) is reduced until a lapse of a predetermined period
TB after the valve opening command is output at time t1,
an amount of reduction in fuel pressure per unit time, that
is, a reduction rate AP/TB is calculated.

[0034] If there is no malfunction in the pressure reduc-
ing valve 6 and the pressure reducing valve 6 is opened
in response to the above valve opening command, the
fuel is discharged from the common rail 4. In this case,
because the fuel is discharged from the pressure reduc-
ing valve 6 when fuel leakage has occurred at the injector
7 or atthe high-pressure fuel pump 2, the rate of reduction
in fuel pressure is higher than that before the output of
the valve opening command to the pressure reducing
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valve 6. Accordingly, in this case, there is a significant
difference in rate of reduction in fuel pressure between
before and after the output of the valve opening com-
mand. As a result, the electronic control unit 8 determines
that the pressure reducing valve 6 is not stuck closed.
[0035] On the other hand, if the pressure reducing
valve 6 is stuck closed, the pressure reducing valve 6
remains closed even if the valve opening command is
output, and the fuel is not discharged from the common
rail4. Therefore, in this case, the fuel pressure is reduced
due to only the fuel leakage at the injector 7 or at the
high-pressure fuel pump 2, and the rate of reduction in
fuel pressure after the output of the valve opening com-
mand is unchanged from that before the output of the
valve opening command. Therefore, in this case, there
is no significant difference in rate of reduction in fuel pres-
sure between before and after the output of the valve
opening command. As a result, the electronic control unit
8 determines that the pressure reducing valve 6 is stuck
closed.

[0036] With the malfunction detection device for an en-
gine according to the embodiment described above, it is
possible to produce the following advantageous effect.
In the embodiment, the command (the valve opening
command) to open the pressure reducing valve 6 is out-
put after the engine is stopped. Then, the amount of re-
duction in fuel pressure per unit time before the output
of the valve opening command and the amount of reduc-
tion in fuel pressure per unit time after the output of the
valve opening command are detected. Based on the de-
tection results, whether the pressure reducing valve 6 is
stuck closedis determined. More specifically, the amount
of reduction in fuel pressure per unit time before the out-
put of the valve opening command and the amount of
reduction in fuel pressure per unit time after the output
of the valve opening command are detected, and then,
if there is no change in amount of reduction in fuel pres-
sure per unit time between before and after the output of
the valve opening command, it is determined that the
pressure reducing valve 6 is stuck closed. This makes it
possible to accurately determine whether the pressure
reducing valve 6 is stuck closed, regardless of whether
there has occurred fuel leakage from the fuel system due
to, for example, foreign matter caught in the valve portion
of the solenoid valve in the injector 7 or foreign matter
caught in the spill valve of the high-pressure fuel pump
2. Therefore, according to the embodiment, it is possible
to more accurately detect whether the pressure reducing
valve 6 is stuck closed.

[0037] The following modifications may be made to the
above embodiment. In the above embodiment, the rate
of reduction in fuel pressure is calculated based on the
amount of reduction in fuel pressure. Alternatively, it is
possible to determine whether the pressure reducing
valve 6 is stuck closed, by measuring amounts of reduc-
tion in the fuel pressure over the same period of time
before and after an output of the valve opening command
and directly comparing the reduction amounts with each
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other. In other words, if the period TA and the period TB
in FIG. 3 and FIG. 4 are set to the same length of period,
it is possible to use the amounts of reduction in the fuel
pressure during the period TA and the period TB as the
amounts of reduction in the fuel pressure per unit time,
and calculations for obtaining the rates of reduction in
the fuel pressure are omitted.

[0038] In the above embodiment, the rail pressure is
used as the fuel pressure in the fuel system. However,
even if the fuel pressure at another portion of the fuel
system such as the fuel pressure inside the injector 7 is
used, it is possible to determine whether the pressure
reducing valve 6 is stuck closed in a manner similar to
that described above.

[0039] In the above embodiment, the malfunction de-
tection device according to the invention is applied to the
common rail diesel engine provided with the pressure
reducing valve 6 which is configured as a valve that dis-
charges fuel from the common rail 4. However, the mal-
function detection device according to the invention is
applicable to an engine provided with a pressure reduc-
ing valve that is provided at a portion other than a com-
mon rail in a fuel system and that discharges fuel from
the fuel system to reduce the fuel pressure in the fuel
system.

[0040] In the above embodiment, the malfunction de-
tection device according to the invention is applied to the
common rail diesel engine. However, the invention may
be applied also to engines other than the common rail
diesel engine as long as the engines have a fuel system
that includes a pressure reducing valve that discharges
fuel from the fuel system to reduce the fuel pressure of
the fuel system.

Claims

1. A malfunction detection device for an engine, which
detects whether a pressure reducing valve (6) that
discharges fuel from a fuel system of an engine to
reduce fuel pressure in the fuel system is stuck
closed, characterized in that
the malfunction detection device is configured to pro-
vide a valve opening command to open the pressure
reducing valve (6) after the engine is stopped, detect
an amount of reduction in the fuel pressure per unit
time before the valve opening command is provided
and an amount of reduction in the fuel pressure per
unit time after the valve opening command is provid-
ed, and determine whether the pressure reducing
valve (6) is stuck closed based on the detected
amount of reduction in the fuel pressure per unittime
before the valve opening command is provided and
the detected amount of reduction in the fuel pressure
per unit time after the valve opening command is
provided.

2. The malfunction detection device according to claim
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1, wherein the malfunction detection device is con-
figured to determine thatthe pressure reducing valve
(6) is stuck closed when there is no change between
the detected amount of reduction in the fuel pressure
per unit time before the valve opening command for
the pressure reducing valve (6) is provided and the
detected amount of reduction in the fuel pressure
per unit time after the valve opening command for
the pressure reducing valve (6) is provided.

The malfunction detection device according to claim
1, wherein the malfunction detection device is con-
figured to determine whether the pressure reducing
valve (6) is stuck closed based on a difference be-
tween the detected amount of reduction in the fuel
pressure per unittime before the valve opening com-
mand is provided and the detected amount of reduc-
tion in the fuel pressure per unit time after the valve
opening command is provided.

The malfunction detection device according to claim
1, wherein the malfunction detection device is con-
figured to determine whether the pressure reducing
valve (6) is stuck closed based on a ratio of the de-
tected amount of reduction in the fuel pressure per
unit time after the valve opening command is provid-
ed to the detected amount of reduction in the fuel
pressure per unittime before the valve opening com-
mand is provided.

The malfunction detection device according to any
one of claims 1 to 4, wherein the pressure reducing
valve (6) is configured as a valve which discharges
fuel from a common rail (4) of a common rail diesel
engine.

A malfunction detection method for an engine, for
detecting whether a pressure reducing valve (6) that
discharges fuel from a fuel system of an engine to
reduce fuel pressure in the fuel system is stuck
closed, characterized by comprising:

detecting an amountof reduction in the fuel pres-
sure per unit time after the engine is stopped;
providing a valve opening command to open the
pressure reducing valve (6);

detecting an amount of reduction in the fuel pres-
sure per unit time after the valve opening com-
mand is provided; and

determining whether the pressure reducing
valve (6) is stuck closed based on the detected
amount of reduction in the fuel pressure per unit
time before the valve opening command is pro-
vided and the detected amount of reduction in
the fuel pressure per unit time after the valve
opening command is provided.

The malfunction detection method according to
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claim 6, wherein it is determined that the pressure
reducing valve (6) is stuck closed when there is no
change between the detected amount of reduction
in the fuel pressure per unit time before the valve
opening command for the pressure reducing valve
(6) is provided and the detected amount of reduction
inthe fuel pressure per unittime after the valve open-
ing command for the pressure reducing valve (6) is
provided.

The malfunction detection method according to
claim 6, wherein whether the pressure reducing
valve (6) is stuck closed is determined based on a
difference between the detected amount of reduction
in the fuel pressure per unit time before the valve
opening command is provided and the detected
amount of reduction in the fuel pressure per unittime
after the valve opening command is provided.

The malfunction detection method according to
claim 6, wherein whether the pressure reducing
valve (6) is stuck closed is determined based on a
ratio of the detected amount of reduction in the fuel
pressure per unit time after the valve opening com-
mand is provided to the detected amount of reduction
in the fuel pressure per unit time before the valve
opening command is provided.
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