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(57) The invention has an object to provide an intra-
cylinder pressure sensor fault diagnostic device that en-
sures an opportunity for fault diagnosis in a wide opera-
tion region, and can accurately detect an intra-cylinder
pressure with a high S/N ratio. The fault diagnostic device
for an intra-cylinder pressure sensor (16), which outputs
a value corresponding to an intra-cylinder pressure of an
internal combustion engine delays ignition timing so that
firing timing comes after a compression top dead center
to generate peaks of the intra-cylinder pressure before
firing and after firing respectively (S 100). When the ig-
nition timing is delayed, at least one of an output value
of the intra-cylinder pressure sensor in the peak of the
intra-cylinder pressure before firing (hereinafter, called a
pre-firing output peak value) and a crank angle thereof
is detected (S110). A fault of the intra-cylinder pressure
sensor (16) is determined by using at least one of the
pre-firing output peak value and the crank angle thereof
(S 140).
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Description

Technical Field

[0001] The present invention relates to an intra-cylin-
der pressure sensor fault diagnostic device that diag-
noses whether or not a sensitivity fault occurs to an intra-
cylinder pressure sensor that detects an intra-cylinder
pressure of an internal combustion engine, and an intra-
cylinder pressure sensor sensitivity correction device
provided with the same.

Background Art

[0002] There has been conventionally known an inter-
nal combustion engine provided with an intra-cylinder
pressure sensor, as disclosed in Patent Literature 1, for
example. Further, Patent Literature 1 discloses detecting
a deviation amount of the detected pressure character-
istic, which occurs due to hysteresis of the intra-cylinder
pressure sensor, with respect to the reference pressure
characteristic in the cylinder during fuel cut. More spe-
cifically, the deviation amount of the detected pressure
characteristic with respect to the reference pressure
characteristic is detected by comparing the detected
pressures in the symmetrical angle positions in the de-
tected pressure characteristic with the top dead center
between the compression stroke and the expansion
stroke (hereinafter, called the compression top dead
center) as the center. According to the art like this, a
sensitivity fault of an intra-cylinder pressure sensor can
be diagnosed from the deviation amount that is detected.

Citation List

Patent Literatures

[0003]

Patent Literature 1: Japanese Patent Laid-Open No.
2010-127172
Patent Literature 2: Japanese Patent Laid-Open No.
2009-024553
Patent Literature 3: Japanese Patent Laid-Open No.
2010-174705

Summary of Invention

Technical Problem

[0004] However, the art of Patent Literature 1 is limited
to the time during fuel cut, and therefore, has the problem
of less opportunities for fault diagnosis during one trip.
Further, since the intra-cylinder pressure during fuel cut
is an extremely low pressure, there is the problem of a
low S/N ratio (signal-to-noise ratio) and low detection ac-
curacy of the intra-cylinder pressure.
[0005] The present invention is made to solve the prob-

lems described above, and has an object to provide an
intra-cylinder pressure sensor fault diagnostic device that
can ensure an opportunity for fault diagnosis in a wide
operation region, and accurately detect an intra-cylinder
pressure with a high S/N ratio. Further, the invention has
an object to provide an intra-cylinder pressure sensor
sensitivity correction device provided with the same.

Solution to Problem

[0006] A first invention is a fault diagnostic device for
intra-cylinder pressure sensor that outputs a value cor-
responding to an intra-cylinder pressure of an internal
combustion engine, the device comprising:

ignition timing delaying means for delaying ignition
timing so that firing timing comes after a compression
top dead center to generate peaks of the intra-cylin-
der pressure before firing and after firing respective-
ly;
detection means for detecting at least one of an out-
put value of the intra-cylinder pressure sensor in the
peak of the intra-cylinder pressure before firing
(hereinafter, called a pre-firing output peak value)
and a crank angle thereof, when the ignition timing
is delayed by the ignition timing delaying means; and
determination means for determining a fault of the
intra-cylinder pressure sensor by using at least one
of the pre-firing output peak value and the crank an-
gle thereof.

[0007] A second invention is the intra-cylinder pres-
sure sensor fault diagnostic device according to the first
invention,
wherein the detection means detects at least the pre-
firing output peak value, and
the determination means determines that a fault is
present in the intra-cylinder pressure sensor, when a dif-
ference between the pre-firing output peak value and a
determination value is at a predetermined value or larger.
[0008] A third invention is the intra-cylinder pressure
sensor fault diagnostic device according to the second
invention, further comprising:

storage means for storing a relation between a load
factor and a maximum intra-cylinder pressure of a
motoring waveform in advance; and
determination value setting means for acquiring the
maximum intra-cylinder pressure of the motoring
waveform corresponding to a present load factor
from the relation, and setting the maximum intra-cyl-
inder pressure as the determination value.

[0009] A fourth invention is an intra-cylinder pressure
sensor sensitivity correction device, comprising:

the intra-cylinder pressure sensor fault diagnostic
device according to the second or the third inven-
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tions; and
correction means for correcting an intra-cylinder
pressure so that the difference between the pre-firing
output peak value and the determination value be-
comes small, when it is determined that a fault is
present in the intra-cylinder pressure sensor.

[0010] A fifth invention is the intra-cylinder pressure
sensor fault diagnostic device according to the first in-
vention,
wherein the detection means detects at least a crank
angle at which the pre-firing output peak value is detect-
ed, and
the determination means determines that a fault is
present in the intra-cylinder pressure sensor, when a dif-
ference between the crank angle at which the pre-firing
output peak value is detected and the compression top
dead center is at a predetermined value or larger.
[0011] A sixth invention is an intra-cylinder pressure
sensor sensitivity correction device, comprising:

the intra-cylinder pressure sensor fault diagnostic
device according to the fifth invention; and
correction means for correcting a phase of an intra-
cylinder pressure waveform so that the difference
between the crank angle at which the pre-firing out-
put peak value is detected and the compression top
dead center becomes small, when it is determined
that a fault is present in the intra-cylinder pressure
sensor.

Advantageous Effects of Invention

[0012] According to the first to the third inventions, fault
diagnosis of the intra-cylinder pressure sensor can be
performed based on the pre-firing output peak value that
is detected by delaying the ignition timing, during a nor-
mal operation involving fuel injection. Since it is during a
normal operation, an opportunity for fault diagnosis can
be ensured in a wide operation region. Further, since the
charged air amount is larger during a normal operation
as compared with that during fuel cut, the pre-firing output
peak value can accurately be detected with a high S/N
ratio. Therefore, fault diagnosis can accurately be per-
formed.
[0013] According to the fourth invention, when it is de-
termined that a fault is present in the intra-cylinder pres-
sure sensor, the intra-cylinder pressure is corrected so
that the difference between the pre-firing output peak val-
ue and the determination value becomes small, whereby
a proper intra-cylinder pressure can be acquired.
[0014] According to the fifth invention, the phase shift
of the intra-cylinder pressure waveform can be diag-
nosed based on the difference between the crank angle
of the pre-firing output peak value that is detected during
a normal operation involving combustion and the com-
pression top dead center. Since it is during a normal op-
eration, an opportunity for fault diagnosis can be ensured

in a wide operation region. Further, since the charged air
amount is larger during a normal operation as compared
with that during fuel cut, the intra-cylinder pressure can
accurately be detected with a high S/N ratio, and there-
fore, the peak position can accurately be detected.
Therefore, fault diagnosis can accurately be performed.
[0015] According to the sixth invention, when it is de-
termined that a fault is present in the intra-cylinder pres-
sure sensor, the phase of the intra-cylinder pressure
waveform is corrected so that the difference between the
crank angle at which the pre-firing output peak value is
detected and the compression top dead center becomes
small, whereby a proper intra-cylinder pressure can be
acquired.

Brief Description of Drawings

[0016]

Figure 1 is a schematic configuration diagram for
explaining a system configuration of embodiment 1
of the present invention.
Figure 2 is a diagram showing an intra-cylinder pres-
sure waveform from a compression stroke to an ex-
pansion stroke according to embodiment 1 of the
present invention.
Figure 3 is a diagram showing a change amount ΔP
of the intra-cylinder pressures that are detected at
predetermined crank angle intervals.
Figure 4 is a flowchart of a control routine executed
by the ECU 50 to provide the aforementioned oper-
ation according to embodiment 1 of the present in-
vention.
Figure 5 is a diagram showing an intra-cylinder pres-
sure waveform from the compression stroke to the
expansion stroke according to embodiment 2 of the
present invention.
Figure 6 is a flowchart of a control routine that is
executed by the ECU 50 to provide the aforemen-
tioned operation according to embodiment 2 of the
present invention.

Description of Embodiments

[0017] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the draw-
ings. Note that common elements in the respective draw-
ings are assigned with the same reference signs and
redundant explanation will be omitted.

Embodiment 1

[System Configuration of Embodiment 1]

[0018] Figure 1 is a schematic configuration diagram
for explaining a system configuration of embodiment 1
of the present invention. The system shown in Figure 1
includes an internal combustion engine (hereinafter, sim-
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ply called an engine) 10 that is a four-stroke engine. The
engine 10 includes a plurality of cylinders 11, and only
one cylinder 11 among them is illustrated in Figure 1.
[0019] To each of the cylinders 11, an ignition plug 12
that ignites an air-fuel mixture in the cylinder in response
to ignition timing SA, a fuel injection valve 14 that directly
injects fuel into the cylinder, and an intra-cylinder pres-
sure sensor (CPS) 16 for detecting an intra-cylinder pres-
sure (fuel pressure) P are mounted. Further, to the engine
10, a crank angle sensor 18 for detecting a rotation angle
(hereinafter, called a crank angle CA) of a crankshaft,
and a knock sensor 19 for detecting knocking are mount-
ed.
[0020] An intake system of the engine 10 is provided
with an intake passage 20 that is connected to each of
the cylinders 11. An air cleaner 22 is provided upstream
of the intake passage 20. An air flow meter 24 for detect-
ing a flow rate of air that is taken into the intake passage
20 (hereinafter, called an intake air amount GA) is mount-
ed downstream of the air cleaner 22. An electronically
controlled type throttle valve 26 is provided downstream
of the air flow meter 24. A throttle opening sensor 28 for
detecting an opening (hereinafter, called a throttle open-
ing TA) of the throttle valve 26 is mounted to a vicinity of
the throttle valve 26. An intake pressure sensor 30 for
detecting an intake pressure Pim is mounted down-
stream of the throttle valve 26. An intake valve 32 that
opens and closes a space between the intake passage
20 and a combustion chamber of the cylinder 11 is pro-
vided at a downstream end of the intake passage 20.
[0021] An exhaust system of the engine 10 is provided
with an exhaust passage 34 that is connected to each of
the cylinders. An exhaust valve 35 that opens and closes
a space between the exhaust passage 34 and the com-
bustion chamber of the cylinder 11 is provided at an up-
stream end of the exhaust passage 34. A catalyst 36 is
provided downstream of the exhaust valve 35. For the
catalyst 36, for example, a three-way catalyst is used.
Further, the exhaust passage 34 upstream of the catalyst
36 is provided with an EGR passage 38 that is connected
to the intake passage 20. The EGR passage 38 is pro-
vided with an EGR cooler 40. A temperature sensor 42
is provided in the vicinity of the EGR cooler 40. An EGR
valve 44 is provided downstream of the EGR cooler 40.
[0022] A control system of the engine 10 is provided
with an ECU (Electronic Control Unit) 50. Various sen-
sors for detecting an operating state, such as the intra-
cylinder pressure sensor 16, the crank angle sensor 18,
the knock sensor 19, the air flow meter 24, the throttle
opening sensor 28, the intake pressure sensor 30, and
the temperature sensor 42 that are described above are
connected to an input section of the ECU 50. For exam-
ple, the ECU 50 calculates an engine speed NE based
on the crank angle CA. The ECU 50 acquires an output
value of the intra-cylinder pressure sensor 16 at every
predetermined angle (for example, every several de-
grees). The ECU 50 stores a relation between the output
value of the intra-cylinder pressure sensor 16 and the

intra-cylinder pressure, which is set by an experiment or
the like in advance, and calculates the intra-cylinder pres-
sure corresponding to the output value from the relation.
[0023] Further, various actuators for controlling the op-
erating state, such as the ignition plug 12, the fuel injec-
tion valve 14, the throttle valve 26 and the EGR valve 44
that are described above are connected to an output sec-
tion of the ECU 50. The ECU 50 controls the operating
state of the engine 10 by operating the various actuators
in accordance with a predetermined program based on
the outputs of the various sensors described above. For
example, the ECU 50 can optionally change the ignition
timing SA. The ECU 50 can detect torque down from a
reduction amount of the engine speed NE by delay of the
ignition timing SA.

[Characteristic Processing in Embodiment 1]

[0024] Next, a method for diagnosing a sensitivity fault
of the intra-cylinder pressure sensor 16 in the aforemen-
tioned system will be described. Figure 2 is a diagram
showing an intra-cylinder pressure waveform from a
compression stroke to an expansion stroke. A line 60 in
Figure 2 shows an intra-cylinder pressure waveform at
a time of normal combustion. A line 62 shows an intra-
cylinder pressure waveform at a time of fuel cut. A line
64 shows an intra-cylinder pressure waveform in a case
of delaying the ignition timing SA during a normal oper-
ation involving fuel injection.
[0025] As shown by the line 64, when the ignition timing
SA is delayed so that firing timing comes after a com-
pression top dead center, a pre-firing output peak value
that is a peak of the output value of the intra-cylinder
pressure sensor 16 before firing is obtained at the com-
pression top dead center at which an intra-cylinder vol-
ume becomes minimum. Thereafter, with increase in the
intra-cylinder volume, the output value decreases, but
after firing, an output peak value by combustion of the
air-fuel mixture is obtained. Namely, two peaks occur dur-
ing one cycle. When the output value of the intra-cylinder
pressure sensor 16 is normal, an intra-cylinder waveform
before firing is the same shape as a motoring waveform
without involving combustion. By comparing the pre-fir-
ing output peak value and the maximum intra-cylinder
pressure of the motoring waveform that is stored in ad-
vance, a sensitivity fault of the intra-cylinder pressure
sensor 16 can be diagnosed during a normal operation.
Therefore, many opportunities for fault diagnosis in one
trip can be ensured.
[0026] Further, since at the time of a normal operation,
a charged air amount is larger as compared with that at
the time of fuel cut, the intra-cylinder pressure of the mo-
toring waveform portion becomes higher as compared
with that at the time of fuel cut. Figure 3 is a diagram
showing a change amount ΔP of the intra-cylinder pres-
sures that are detected at predetermined crank angle
intervals. The change amount ΔP at the time of a normal
operation shown in (B) of Figure 3 is larger as compared
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with the change amount ΔP at the time of fuel cut shown
in (A). Therefore, the S/N ratio is more excellent at the
time of a normal operation as compared with that at the
time of fuel cut. Therefore, the output value of the intra-
cylinder pressure sensor 16 can accurately be detected,
with a high S/N ratio.
[0027] Thus, in the system of the present embodiment,
the pre-firing output peak value is acquired by delaying
the ignition timing so that the firing timing comes after
the compression top dead center, within a range in which
torque down by delay in the ignition timing is allowed.
Subsequently, the pre-firing output peak value, and the
peak value of the motoring waveform in the same load
condition are compared, whereby a sensitivity fault of the
intra-cylinder pressure sensor 16 is diagnosed.

(Control Routine)

[0028] Figure 4 is a flowchart of a control routine exe-
cuted by the ECU 50 to provide the aforementioned op-
eration. The ECU 50 executes the present routine at pre-
determined timing during an operation involving fuel in-
jection. The ECU 50 detects and stores the output value
of the intra-cylinder pressure sensor 16 at every prede-
termined crank angle (for example, every several de-
grees).
[0029] In the routine shown in Figure 4, the ECU 50
first delays the ignition timing SA so that the firing timing
comes after the compression top dead center (step
S100). Delay of the ignition timing SA is executed within
the range in which torque down is allowed. For example,
the ECU 50 increases a delay amount of the ignition tim-
ing SA step by step, and delays the ignition timing within
the range in which the reduction amount of the engine
speed NE does not exceed an allowable value. Note that
the delay amount may be set and stored for each oper-
ation condition in advance.
[0030] By delaying the ignition timing SA as above, the
peak of the intra-cylinder pressure also occurs before
firing. The ECU 50 acquires the peak of the output value
of the intra-cylinder pressure sensor 16 before firing as
a pre-firing output peak value P1 (step S 110).
[0031] The ECU 50 acquires a maximum value P2 of
the intra-cylinder pressure of the motoring waveform cor-
responding to a present load factor KL at which the pre-
firing output peak value P1 is acquired (step S120). More
specifically, the ECU 50 stores in advance a relational
table that sets the relation between the load factor KL
and the maximum value P2 based on an experiment or
the like. The load factor KL is calculated based on the
intake air amount GA, the engine speed NE and the like.
The ECU 50 acquires the maximum value P2 corre-
sponding to the load factor KL from the relational table.
[0032] The detected pre-firing output peak value P1
and the maximum value P2 of the intra-cylinder pressure
of the motoring waveform in the same operation condition
are compared (step S130). The ECU 50 determines
whether or not |P2-P1| is smaller than a predetermined

value (step S 140). When the condition of step S 140 is
established, namely, when |P2-P1| is smaller than the
predetermined value, it is determined that the sensitivity
of the intra-cylinder pressure sensor 16 is normal (step
S 150).
[0033] Meanwhile, when the condition of step S140 is
not established, namely, when |P2-P1| is the predeter-
mined value or more, the ECU 50 determines that a fault
occurs to the sensitivity of the intra-cylinder pressure sen-
sor 16 (step S160). In this case, the output value of the
intra-cylinder pressure sensor is corrected so that |P2-
P1| becomes smaller than the predetermined value (step
S 170). For example, with respect to the entire intra-cyl-
inder pressure waveform, correction of multiplying the
output value of the intra-cylinder pressure sensor 16 by
P2/P1 as a correction coefficient is performed.
[0034] As described above, according to the routine
shown in Figure 4, the sensitivity fault of the intra-cylinder
pressure sensor 16 can be diagnosed under all operation
conditions, within the range in which torque down is al-
lowed. Further, since the charged air amount is larger at
the time of a normal operation as compared with that at
the time of fuel cut, the S/N ratio is excellent, and the pre-
firing output peak value can accurately be detected.
Therefore, according to the system of the present em-
bodiment, the opportunity for fault diagnosis can be en-
sured in a wide operation region, and accurate fault di-
agnosis can be carried out with a high S/N ratio. Further-
more, when a fault is present, the intra-cylinder pressure
can be corrected properly.
[0035] The engine to which the present invention is
applied is not limited to an intra-cylinder direct injection
engine as in the aforementioned embodiment. The
present invention also can be applied to a port-injection
type engine.
[0036] Note that in embodiment 1 described above,
the intra-cylinder pressure sensor 16 corresponds to the
"intra-cylinder pressure sensor" in the aforesaid first in-
vention, and the ECU 50 corresponds to the "storage
means" in the aforesaid third invention, respectively.
[0037] Further, in this case, the ECU 50 executes the
processing of the above described step S100, whereby
the "ignition timing delaying means" in the aforesaid first
invention is realized. The ECU 50 executes the process-
ing of the above described step S110, whereby the "de-
tection means" in the aforesaid first invention is realized.
The ECU 50 executes the processing of the above de-
scribed step S120, whereby the "determination value set-
ting means" in the aforesaid third invention is realized.
The ECU 50 executes the processing of the above de-
scribed step S140, whereby the "determination means"
in the aforesaid first invention is realized. The ECU 50
executes the processing of the above described step S
170, whereby the "correction means" in the aforesaid
fourth invention is realized.
[0038] Furthermore, in embodiment 1, the pre-firing
output peak value P1 that is acquired in the above de-
scribed step S110 corresponds to the "pre-firing output
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peak value" in the aforesaid first invention, and the max-
imum value P2 that is acquired in the above described
step S120 corresponds to the "determination value" in
the aforesaid second invention, respectively.

Embodiment 2

[0039] Next, embodiment 2 of the present invention
will be described with reference to Figure 5 to Figure 6.
A system of the present embodiment can be realized by
causing the ECU 50 to carry out a routine of Figure 6 that
will be described later in the configuration shown in Figure
1.

[Characteristic Processing in Embodiment 2]

[0040] In the aforementioned embodiment 1, in the
compression top dead center before firing, the output val-
ue of the intra-cylinder pressure sensor 16 is detected.
The pre-firing output peak value described in embodi-
ment 1 is detected in the compression top dead center
at a normal time, but this does not apply when a phase
shift occurs. Thus, in embodiment 2 of the present inven-
tion, the ignition timing SA is delayed similarly to embod-
iment 1, a crank angle at which the pre-firing output peak
value is detected is acquired, and based on a difference
between the crank angle and the compression top dead
center, the phase shift of the intra-cylinder pressure
waveform is detected and corrected.
[0041] Figure 5 is a diagram showing an intra-cylinder
pressure waveform from the compression stroke to the
expansion stroke. A line 70 in Figure 5 shows an intra-
cylinder pressure waveform in the case of the ignition
timing SA being delayed at the time of a normal operation
involving combustion. The waveform is the same as that
of the line 64 in Figure 2, and therefore, explanation will
be omitted. A line 72 shows an intra-cylinder pressure
waveform in a case in which a phase shift occurs.
[0042] As described above, at the time of normal op-
eration, the S/N ratio is more excellent as compared with
that at the time of fuel cut (the line 62 of Figure 2), and
the pre-firing output peak value can accurately be detect-
ed. Similarly, the crank angle at which the pre-firing out-
put peak value is detected also can accurately be detect-
ed. Therefore, the phase shift of the intra-cylinder pres-
sure waveform can accurately be calculated from the dif-
ference between the aforementioned crank angle and
the compression top dead center.

(Control Routine)

[0043] Figure 6 is a flowchart of a control routine that
is executed by the ECU 50 to provide the aforementioned
operation. The ECU 50 executes the present routine at
predetermined timing during an operation involving fuel
injection. The ECU 50 detects/stores the output value of
the intra-cylinder pressure sensor 16 at every predeter-
mined crank angle (for example, every several degrees).

[0044] In the routine shown in Figure 6, the ECU 50
first delays the ignition timing SA so that the firing timing
comes after the compression top dead center (step
S200). Delay of the ignition timing SA is executed within
the range in which torque down is allowed. This is similar
to step S100 of Figure 4, and therefore, explanation
thereof will be omitted.
[0045] By delaying the ignition timing SA as above, a
peak of the intra-cylinder pressure also occurs before
firing. The intra-cylinder pressure waveform before fifing
becomes the same shape as the motoring waveform
without involving combustion. The ECU 50 detects the
peak of the output value of the intra-cylinder pressure
sensor 16 before firing (pre-firing output peak value). Fur-
thermore, the ECU 50 acquires a crank angle θ1 at which
the pre-firing output peak value is detected (step S210).
[0046] The ECU 50 determines whether or not the
crank angle θ1 corresponds to the compression top dead
center (step S220). When the condition of step S220 is
established, namely, when the crank angle θ1 corre-
sponds to the compression top dead center, it is deter-
mined that the phase of the intra-cylinder pressure wave-
form is normal (step S230).
[0047] Meanwhile, when the condition of step S220 is
not established, namely, when the crank angle θ1 shifts
from the compression top dead center, the ECU 50 de-
termines that a phase shift occurs to the intra-cylinder
pressure waveform that is detected by the intra-cylinder
pressure sensor 16 (step S240). In this case, the phase
of the intra-cylinder pressure waveform is corrected so
that the crank angle θ1 corresponds to the compression
top dead center (step S250).
[0048] As described above, according to the routine
shown in Figure 6, the phase shift of the intra-cylinder
pressure sensor 16 can be diagnosed in all operation
conditions, within the range in which torque down is al-
lowed. Since the charged air amount is larger at the time
of a normal operation as compared with that at the time
of fuel cut, the S/N ratio is excellent, and the pre-firing
output peak value and the crank angle thereof can accu-
rately be detected. Therefore, according to the system
of the present embodiment, the opportunity for fault di-
agnosis can be ensured in a wide operation region, and
accurate fault diagnosis can be carried out with a high
S/N ratio. Further, when a fault is present, the phase shift
of the intra-cylinder pressure waveform can be properly
corrected.
[0049] Sensitivity correction and phase shift correction
of the intra-cylinder pressure sensor 16 may be per-
formed by combining the processing routine (Figure 6)
of embodiment 2 with the processing routine (Figure 4)
described in embodiment 1.
[0050] Note that in embodiment 2 described above,
the ECU 50 executes the processing of the above de-
scribed step S220, whereby the "determination means"
in the aforesaid fifth invention is realized, and the ECU
50 executes the processing of the above described step
S250, whereby the "correction means" in the aforesaid
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sixth invention is realized, respectively. Further, in em-
bodiment 2, the crank angle θ1 that is acquired in the
above described step S210 corresponds to the "crank
angle" in the aforesaid fifth invention.

Reference Signs List

[0051]

10 engine
11 cylinder
12 ignition plug
14 fuel injection valve
16 intra-cylinder pressure sensor
18 crank angle sensor
19 knock sensor
20 intake passage
22 air cleaner
24 air flow meter
26 throttle valve
28 throttle opening sensor
30 intake pressure sensor
36 catalyst

Claims

1. A fault diagnostic device for intra-cylinder pressure
sensor that outputs a value corresponding to an in-
tra-cylinder pressure of an internal combustion en-
gine, the device comprising:

ignition timing delaying means for delaying igni-
tion timing so that firing timing comes after a
compression top dead center to generate peaks
of the intra-cylinder pressure before firing and
after firing respectively;
detection means for detecting at least one of an
output value of the intra-cylinder pressure sen-
sor in the peak of the intra-cylinder pressure be-
fore firing (hereinafter, called a pre-firing output
peak value) and a crank angle thereof, when the
ignition timing is delayed by the ignition timing
delaying means; and
determination means for determining a fault of
the intra-cylinder pressure sensor by using at
least one of the pre-firing output peak value and
the crank angle thereof.

2. The intra-cylinder pressure sensor fault diagnostic
device according to claim 1,
wherein the detection means detects at least the pre-
firing output peak value, and
the determination means determines that a fault is
present in the intra-cylinder pressure sensor, when
a difference between the pre-firing output peak value
and a determination value is at a predetermined val-
ue or larger.

3. The intra-cylinder pressure sensor fault diagnostic
device according to claim 2, further comprising:

storage means for storing a relation between a
load factor and a maximum intra-cylinder pres-
sure of a motoring waveform in advance; and
determination value setting means for acquiring
the maximum intra-cylinder pressure of the mo-
toring waveform corresponding to a present load
factor from the relation, and setting the maxi-
mum intra-cylinder pressure as the determina-
tion value.

4. An intra-cylinder pressure sensor sensitivity correc-
tion device, comprising:

the intra-cylinder pressure sensor fault diagnos-
tic device according to claim 2 or 3; and
correction means for correcting an intra-cylinder
pressure so that the difference between the pre-
firing output peak value and the determination
value becomes small, when it is determined that
a fault is present in the intra-cylinder pressure
sensor.

5. The intra-cylinder pressure sensor fault diagnostic
device according to claim 1,
wherein the detection means detects at least a crank
angle at which the pre-firing output peak value is
detected, and
the determination means determines that a fault is
present in the intra-cylinder pressure sensor, when
a difference between the crank angle at which the
pre-firing output peak value is detected and the com-
pression top dead center is at a predetermined value
or larger.

6. An intra-cylinder pressure sensor sensitivity correc-
tion device, comprising:

the intra-cylinder pressure sensor fault diagnos-
tic device according to claim 5; and
correction means for correcting a phase of an
intra-cylinder pressure waveform so that the dif-
ference between the crank angle at which the
pre-firing output peak value is detected and the
compression top dead center becomes small,
when it is determined that a fault is present in
the intra-cylinder pressure sensor.
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