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(57) An air flowmeter (50) is arranged in an intake
passage (12). An air-fuel ratio sensor (56) is arranged
downstream of an addition valve (26) in an exhaust pas-
sage (20). An exhaust temperature sensor (52) is ar-
ranged downstream of a catalyst (22). An air amount es-
timating process calculates an estimated air amount
(Gae) based on the air-fuel ratio (Af) detected by the
air-fuel ratio sensor (56) and the fuel amount (Q) injected
by a fuel injection valve (18). An upward displacement
anomaly determining process determines that there is

an anomaly in which a detected value (Ga) of the air
flowmeter (50) is greater than an actual value if a logical
conjunction is true of the condition that the detected value
(Ga) of the air flowmeter (50) is greater than the estimated
air amount (Gae) by a margin greater than or equal to a
specified amount (ΔGa1) and the condition that an
amount by which a detected value (Tex) of the exhaust
temperature sensor (52) exceeds a reference value
(Texe) is smaller than or equal to a predetermined
amount (ΔTe).
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Description

BACKGROUND

[0001] The present disclosure relates to an anomaly
diagnosing apparatus and an anomaly diagnosing meth-
od for an air flowmeter. An air flowmeter is arranged in
the intake passage of an internal combustion engine and
detects the amount of air. The engine includes a catalyst
and an addition valve. The catalyst is arranged in an ex-
haust passage and has an oxidizing function. The addi-
tion valve is arranged upstream of the catalyst in the ex-
haust passage and adds fuel to exhaust gas. The engine
also includes an air-fuel ratio sensor, an exhaust tem-
perature sensor, and a fuel injection valve. The air-fuel
ratio sensor is arranged downstream of the addition valve
in the exhaust passage. The exhaust temperature sensor
is arranged downstream of the catalyst in the exhaust
passage. The fuel injection valve supplies fuel into a com-
bustion chamber.
[0002] For example, International Publication No.
2011/132678 describes a diagnosing apparatus that de-
termines a deviation rate, which is the deviation between
an estimated intake air amount, or an estimated value of
the intake air amount, and an intake air amount detected
by an air flowmeter. The disclosed diagnosing method
determines that there is an anomaly in the air flowmeter
if the deviation rate is greater than a reference failure
determination value, which is determined in correspond-
ence with the rotation speed of the engine. As described
in Paragraph 0038 of the aforementioned document, the
estimated intake air amount is calculated based on the
rotation speed of the engine and the opening degree of
the throttle valve.

SUMMARY

[0003] Examples of the present disclosure will now be
described.
[0004] Example 1: An anomaly diagnosing apparatus
for an air flowmeter is provided. The air flowmeter is ar-
ranged in an intake passage of an internal combustion
engine and detects an air amount. The engine includes
a catalyst, which is arranged in an exhaust passage and
has an oxidizing function, an addition valve, which is ar-
ranged upstream of the catalyst in the exhaust passage
and adds fuel to exhaust gas, an air-fuel ratio sensor,
which is arranged downstream of the addition valve in
the exhaust passage, an exhaust temperature sensor,
which is arranged downstream of the catalyst in the ex-
haust passage, and a fuel injection valve, which supplies
fuel into a combustion chamber. The anomaly diagnosing
apparatus is configured to execute:

an air amount estimating process of calculating an
estimated air amount, which is an estimated value
of an air amount, based on an air-fuel ratio detected
by the air-fuel ratio sensor and an injection amount

injected by the fuel injection valve; and
an upward displacement anomaly determining proc-
ess of determining that there is an anomaly in which
a detected value of the air flowmeter is greater than
an actual value if a logical conjunction is true of the
condition that the detected value of the air flowmeter
is greater than the estimated air amount by a margin
greater than or equal to a specified amount and the
condition that an amount by which a detected value
of the exhaust temperature sensor exceeds a refer-
ence value is smaller than or equal to a predeter-
mined amount.

[0005] Factors that may cause the detected value of
the air flowmeter to become greater than the estimated
air amount by a margin greater than or equal to the spec-
ified amount include not only an anomaly in the air flow-
meter but also a stuck-open anomaly of the addition
valve, in which the addition valve is stuck open. At the
time of a stuck-open anomaly, the fuel added by the ad-
dition valve is oxidized by the catalyst and raises the ex-
haust temperature downstream of the catalyst as com-
pared to a case without a stuck-open anomaly. There-
fore, the above-described configuration requires a con-
dition that the extent by which the detected value of the
exhaust temperature sensor exceeds the reference val-
ue must be smaller than or equal to the predetermined
amount. For example, by setting the reference value to
the exhaust temperature downstream or upstream of the
catalyst in a case without a stuck-open anomaly, errone-
ous determination of an anomaly in the air flowmeter is
restrained in a case with a stuck-open anomaly.
[0006] Assume a mode in which an estimated air
amount is calculated based on a detected value of an
air-fuel ratio sensor arranged in the exhaust passage,
and the calculated estimated air amount is employed in
an internal combustion engine having an addition valve
in the exhaust passage, which addition valve adds fuel
to exhaust gas. In this mode, if a stuck-open anomaly
occurs in the addition valve, the calculated estimated air
amount tends to become smaller than the actual value.
This may cause erroneous determination that there is an
anomaly in which the intake air amount detected by the
air flowmeter becomes smaller than the actual intake air
amount. The above-described configuration restrains
such erroneous determination.
[0007] Example 2: In the anomaly diagnosing appara-
tus for an air flowmeter of Example 1, the upward dis-
placement anomaly determining process is a process of
determining that there is an anomaly in which the detect-
ed value of the air flowmeter is greater than an actual
value if the logical conjunction remains true for a prede-
termined period.
[0008] In the above-described configuration, it is de-
termined that there is an anomaly if the logical conjunc-
tion remains true for a predetermined period. This im-
proves the tolerance to noise of such determination, thus
enhancing the accuracy of the determination.
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[0009] Example 3: In the anomaly diagnosing appara-
tus for an air flowmeter of Example 1 or 2, the upward
displacement anomaly determining process is a process
of determining that there is the anomaly based on the
estimated air amount, which is calculated through the air
amount estimating process, when an adding process of
the fuel by the addition valve is not being executed.
[0010] In the above-described configuration, it is de-
termined that an anomaly has occurred based on the
estimated air amount calculated through the air amount
estimating process when the adding process is not being
executed. It is thus unnecessary to consider the fuel add-
ed through the adding process in the air amount estimat-
ing process. This decreases the number of parameters
that should be considered in the setting of the specified
amount. The lowering of the setting accuracy of the spec-
ified amount is thus easily restrained.
[0011] Example 4: In the anomaly diagnosing appara-
tus for an air flowmeter of Example 1 or 2, the air amount
estimating process is a process of calculating the esti-
mated air amount based on a fuel amount added to the
exhaust gas by the addition valve in addition to the air-
fuel ratio detected by the air-fuel ratio sensor and the fuel
amount injected by the fuel injection valve. The upward
displacement anomaly determining process includes a
process of determining that there is the anomaly based
on the estimated air amount calculated through the air
amount estimating process when the adding process of
the fuel is being executed by the addition valve.
[0012] In the above-described configuration, the esti-
mated air amount is calculated based on the fuel amount
added to exhaust gas by the addition valve. Therefore,
even when the adding process is being executed, wheth-
er there is an anomaly is determined with high accuracy.
[0013] Example 5: In the anomaly diagnosing appara-
tus for an air flowmeter of any one of Examples 1 to 4,
the anomaly diagnosing apparatus is configured to exe-
cute an exhaust temperature estimating process of cal-
culating an estimated exhaust temperature, which is an
estimated value of an exhaust temperature downstream
of the catalyst, based on an operating point of the engine.
The reference value is the estimated exhaust tempera-
ture.
[0014] If the addition valve has a stuck-open anomaly,
the addition valve leaks fuel and the fuel reacts with ox-
ygen in the catalyst. The exhaust temperature down-
stream of the catalyst thus tends to rise. A detected value
of the exhaust temperature upstream of the catalyst may
be used as the "reference value," with which a detected
value of the exhaust temperature detected by the exhaust
temperature sensor is compared. However, when, for ex-
ample, the engine is in a transient operating state, there
may be a temperature difference between the upstream
side and the downstream side of the catalyst even without
a stuck-open anomaly. Therefore, when the temperature
upstream of the catalyst is the "reference value," the tem-
perature difference between the reference value and the
downstream exhaust temperature may hamper highly

accurate determination that there is no stuck-open anom-
aly. To solve this problem, the above-described config-
uration employs the estimated exhaust temperature as
the "reference value."
[0015] Example 6: The anomaly diagnosing apparatus
according to any one of Examples 1 to 5 is configured to
execute the upward displacement anomaly determining
process if a condition is met that the change amount of
the air-fuel ratio is smaller than or equal to a predeter-
mined amount.
[0016] In the above-described configuration, the up-
ward displacement anomaly determining process is ex-
ecuted when the condition is met that the change amount
of the air-fuel ratio is smaller than or equal to a predeter-
mined amount. This maximally restrains the factor of
noise involved in the determination regarding anomalies.
[0017] Example 7: An anomaly diagnosing method for
an air flowmeter is provided that executes the processes
according to Examples 1 to 6.
[0018] Example 8: A non-transitory computer readable
memory medium is provided that stores a program that
causes a processing device to execute the processes
described in Examples 1 to 6.
[0019] Other aspects and advantages of the present
disclosure will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The disclosure may be understood by reference
to the following description together with the accompa-
nying drawings:

Fig. 1 is a diagram showing an anomaly diagnosing
apparatus and an internal combustion engine ac-
cording to a first embodiment;
Fig. 2 is a block diagram showing part of processes
executed by the controller in the internal combustion
engine of Fig. 1;
Fig. 3 is a flowchart representing the procedure of a
diagnosing process in the engine of Fig. 1;
Fig. 4 is a timing diagram showing advantages in the
engine of Fig. 1; and
Fig. 5 is a flowchart representing the procedure of a
diagnosing process according to a second embodi-
ment.

DETAILED DESCRIPTION

[0021] A first embodiment of an anomaly diagnosing
apparatus for an air flowmeter will now be described with
reference to Figs. 1 to 4.
[0022] As shown in Fig. 1, an internal combustion en-
gine 10 is a vehicle-mounted prime mover. The engine
10 draws air through an intake passage 12, supplying
the air into combustion chambers 16 of respective cylin-
ders through a forced induction device 14. Fuel injection
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valves 18 inject fuel, such as diesel oil. In each of the
combustion chambers 16, the air-fuel mixture of the air
drawn through the intake passage 12 and the fuel is com-
pressed and ignited to be burned. The burned air-fuel
mixture is discharged into an exhaust passage 20 as ex-
haust gas. In the exhaust passage 20, an oxidation cat-
alyst 22 and a diesel particulate filter (DPF 24) are ar-
ranged downstream of a forced induction device 14 in
this order sequentially from the upstream side. An addi-
tion valve 26 is arranged between the forced induction
device 14 and the oxidation catalyst 22 to add fuel to the
exhaust gas.
[0023] A fuel pump 30 supplies fuel to the addition
valve 26 and a pressure accumulating pipe 32. The fuel
injection valves 18 inject the fuel stored in the pressure
accumulating pipe 32 into the combustion chambers 16.
The intake passage 12 and the exhaust passage 20 are
connected to each other through an EGR passage 34.
An EGR valve 36 is arranged in the EGR passage 34 to
regulate the communication area of the EGR passage 34.
[0024] A controller 40 controls the engine 10 and op-
erates operated portions of the engine 10, including the
fuel injection valves 18, the addition valve 26, and the
EGR valve 36, to control torque and exhaust gas com-
ponents, which are controlled amounts of the engine 10.
To control the controlled amounts, the controller 40 refers
to an intake air amount Ga, an exhaust temperature Tex
between the oxidation catalyst 22 and the DPF 24, and
a differential pressure ΔP between the upstream side and
the downstream side of the DPF 24. The intake air
amount Ga is detected by an air flowmeter 50. The ex-
haust temperature Tex is detected by an exhaust tem-
perature sensor 52. The differential pressure ΔP is de-
tected by a differential pressure sensor 54. The controller
40 also refers to an air-fuel ratio Af detected by an air-
fuel ratio sensor 56, an output signal Scr from a crank
angle sensor 58, and an intake manifold pressure Pm
detected by an intake manifold pressure sensor 60. The
air-fuel ratio sensor 56 is arranged downstream of the
DPF 24. The intake manifold pressure Pm is the pressure
in a section of the intake passage 12 downstream of the
forced induction device 14. The controller 40 further re-
fers to an intake manifold temperature Tin detected by
an intake manifold temperature sensor 62 and an accel-
erator operation amount ACCP. The intake manifold tem-
perature Tin is the temperature in a section of the intake
passage 12 downstream of the forced induction device
14. The accelerator operation amount ACCP is the de-
pression amount of the accelerator pedal and detected
by an accelerator sensor 64.
[0025] The controller 40 includes a CPU 42, a ROM
44, and a RAM 46 and controls the aforementioned con-
trolled amounts by executing programs memorized in the
ROM 44 by means of the CPU 42.
[0026] Fig. 2 shows part of processes executed by the
controller 40. The processes illustrated in Fig. 2 are im-
plemented by executing programs memorized in the
ROM 44 by means of the CPU 42.

[0027] An injection amount calculating process M10 is
a process of calculating an injection amount Q injected
by each fuel injection valve 18 based on the rotation
speed NE and the accelerator operation amount ACCP.
An injection valve operating process M12 is a process of
outputting an operating signal MS1 to each fuel injection
valve 18 to operate the fuel injection valve 18 such that
the injection amount injected by the fuel injection valve
18 becomes equal to the injection amount Q.
[0028] A target EGR rate calculating process M14 is a
process of calculating a target EGR rate Regr* as the
target of an EGR rate Regr based on the rotation speed
NE and the injection amount Q. The EGR rate Regr is a
value obtained by dividing the amount of the exhaust gas
flowing from the exhaust passage 20 into the intake pas-
sage 12 through the EGR passage 34 by the intake air
amount Ga. An EGR rate calculating process M16 is a
process of calculating the EGR rate Regr based on the
intake air amount Ga, the intake manifold pressure Pm,
and the intake manifold temperature Tin. A feedback
process M18 is a process of calculating a command value
θegr* for the opening degree of the EGR valve 36 as an
operation amount for feedback-controlling the EGR rate
Regr to the target EGR rate Regr*. An EGR valve oper-
ating process M20 is a process of outputting an operating
signal MS3 to the EGR valve 36 to operate the EGR valve
36 such that the opening degree θegr of the EGR valve
36 becomes equal to the command value θegr*.
[0029] An accumulation amount estimating process
M22 is a process of calculating an accumulation amount
DPM, which is the amount of particulate matter trapped
by the DPF 24, based on the differential pressure ΔP and
the intake air amount Ga. An addition valve operating
process M24 is a process of outputting an operating sig-
nal MS2 to the addition valve 26 to operate the addition
valve 26 to add fuel to exhaust gas when the accumula-
tion amount DPM becomes greater than or equal to a
predetermined amount, as a PM regenerating process
for removing the particulate matter that has been trapped
by the DPF 24.
[0030] An exhaust temperature estimating process
M26 is a process of calculating an estimated exhaust
temperature Texe, which is an estimated value of the
exhaust temperature downstream of the oxidation cata-
lyst 22, based on the rotation speed NE and the injection
amount Q, which define the operating point of the engine
10. The estimated exhaust temperature Texe is deter-
mined without considering whether the addition valve 26
has added fuel. That is, if the addition valve 26 adds fuel,
the temperature of the exhaust gas downstream of the
oxidation catalyst 22 may become higher than the tem-
perature of the exhaust gas discharged from the com-
bustion chambers 16. Even in this case, the temperature
of the exhaust gas downstream of the oxidation catalyst
22 that has become higher is not included in calculation
of the estimated exhaust temperature Texe. Specifically,
the exhaust temperature estimating process M26 calcu-
lates a greater estimated exhaust temperature Texe
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when the injection amount Q is great than when the in-
jection amount Q is small.
[0031] More specifically, the exhaust temperature es-
timating process M26 includes a process of setting a base
temperature based on the rotation speed NE and the
injection amount Q, which define the operating point of
the engine 10, and a process of causing the estimated
exhaust temperature Texe to converge to the base tem-
perature. Specifically, map data having the rotation
speed NE and the injection amount Q as input variables
and the base temperature as an output variable is stored
in the ROM 44, and the CPU 42 performs map calculation
to obtain the base temperature. The map data refers to
a data set of discrete values of the input variable and
values of the output variable each corresponding to a
value of the input variable. When the value of an input
variable matches any of the values of the input variable
on the map data, the map calculation uses the value of
the corresponding output variable on the map data as
the calculation result. When the value of the input variable
does not match any of the values of the input variable on
the map data, the map calculation uses a value obtained
by interpolation of multiple values of the output variable
included in the map data set as the calculation result.
The process of causing the base temperature to con-
verge to the estimated exhaust temperature Texe is a
process of updating the estimated exhaust temperature
Texe using, for example, an exponential moving average
of a current estimated exhaust temperature Texe and a
corrected base temperature.
[0032] A diagnosing process M28 is a process of di-
agnosing whether there is an anomaly in the air flowmeter
50 based on the rotation speed NE, the intake air amount
Ga, the air-fuel ratio Af, and the estimated exhaust tem-
perature Texe.
[0033] Fig. 3 shows the procedure of the diagnosing
process M28. The process of Fig. 3 is implemented by
executing a program memorized in the ROM 44 by means
of the CPU 42 repeatedly, for example, at predetermined
cycles. In the following description, the number of each
step is represented by the letter S followed by a numeral.
[0034] In the series of processes shown in Fig. 3, the
CPU 42 determines whether a condition for executing
anomaly diagnosis for the air flowmeter 50 is met (S10).
The diagnosis executing condition includes a condition
that the logical conjunction of a condition (i) and a con-
dition (ii) is true. The condition (i) is that the adding proc-
ess of fuel by the addition valve 26 is not being executed.
The condition (ii) is that the change amount ΔAf of the
air-fuel ratio Af is smaller than or equal to a specified
amount Δth. Specifically, the condition (i) is met when
the PM regenerating process is not being executed. The
change amount ΔAf is an amount calculated by the CPU
42 based on time-series data representing the air-fuel
ratio Af and also the change amount of the air-fuel ratio
Af per unit time. The change amount may be, for example,
the value obtained by subtracting the air-fuel ratio Af that
has been obtained in the previous control cycle from the

air-fuel ratio Af obtained in the current control cycle. Spe-
cifically, the air-fuel ratio Af may change when the EGR
rate Regr changes, the intake air amount Ga changes
due to the change of the EGR rate Regr, or the injection
amount Q changes.
[0035] If the CPU 42 determines that the diagnosis ex-
ecuting condition is met (S10: YES), the CPU 42 calcu-
lates an estimated air amount Gae based on the air-fuel
ratio Af and the injection amount Q (S12). Specifically,
the CPU 42 determines a greater estimated air amount
Gae when the air-fuel ratio Af is great than when the air-
fuel ratio Af is small. The CPU 42 also determines a great-
er estimated air amount Gae when the injection amount
Q is great than when the injection amount Q is small.
Such calculation may be implemented by a process of
substituting the product of the integrated value of the in-
jection amount Q in a predetermined period and the air-
fuel ratio Af for the estimated air amount Gae. Specifi-
cally, the intake air amount Ga is determined in corre-
spondence with the aforementioned predetermined pe-
riod. In other words, the intake air amount Ga is the
amount of the air drawn into the intake passage 12 in the
predetermined period.
[0036] Subsequently, the CPU 42 determines whether
the value obtained by subtracting the estimated air
amount Gae from the intake air amount Ga is greater
than or equal to a specified amount ΔGa1 (S14). This
process is a process of determining whether the intake
air amount Ga detected by the air flowmeter 50 is exces-
sively greater than the actual air amount. When the CPU
42 determines that the value obtained by subtracting the
estimated air amount Gae from the intake air amount Ga
is smaller than the specified amount ΔGa1 (S14: NO),
the CPU 42 initializes an upward displacement determin-
ing counter C1 (S16). The upward displacement deter-
mining counter C1 counts the duration in which tempo-
rary determination that there is an anomaly in which the
intake air amount Ga is excessively greater than the ac-
tual air amount is maintained.
[0037] Then, the CPU 42 determines whether the value
obtained by adding a specified amount ΔGa2 to the intake
air amount Ga is smaller than or equal to the estimated
air amount Gae (S18). This is a process of determining
whether the intake air amount Ga is excessively smaller
than the actual air amount. If the CPU 42 determines that
the value obtained by adding the specified amount ΔGa2
to the intake air amount Ga is smaller than or equal to
the estimated air amount Gae (S18: YES), the CPU 42
increments a downward displacement determining coun-
ter C2 (S20). The downward displacement determining
counter C2 counts the duration in which temporary de-
termination that there is an anomaly in which the intake
air amount Ga is excessively smaller than the actual air
amount is maintained. The CPU 42 then determines
whether the downward displacement determining coun-
ter C2 is greater than or equal to a predetermined value
C2th (S22). If the CPU 42 determines that the downward
displacement determining counter C2 is greater than or
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equal to the predetermined value C2th (S22: YES), the
CPU 42 determines that there is a downward displace-
ment anomaly (S24). The downward displacement
anomaly refers to an anomaly in which the intake air
amount Ga is excessively smaller than the actual air
amount. Then, the CPU 42 operates a warning light 66,
as shown in Fig. 1, to execute a notification process of
urging the user of the vehicle to order repair service
(S26).
[0038] In contrast, if the CPU 42 determines that the
value obtained by subtracting the estimated air amount
Gae from the intake air amount Ga is greater than or
equal to the specified amount ΔGa1 (S14: YES), the CPU
42 initializes the downward displacement determining
counter C2 (S27). The CPU 42 then determines whether
the value obtained by subtracting a predetermined
amount ΔTe from the exhaust temperature Tex is smaller
than or equal to the estimated exhaust temperature Texe
(S28). This is a process of ascertaining that the cause
that has brought about a positive determination in S14
is not a stuck-open anomaly of the addition valve 26. The
stuck-open anomaly refers to a state in which, despite
the fact that fuel addition by the addition valve 26 is not
being executed, fuel flows from the addition valve 26 into
the exhaust gas. In other words, when there is a stuck-
open anomaly in the addition valve 26, fuel flows into
exhaust gas from the addition valve 26. However, such
fuel flowing out of the addition valve 26 is not taken into
consideration in S12. That is, the estimated air amount
Gae is calculated in S12 using the injection amount Q,
which is a fuel amount smaller than the total fuel amount
(Q + addition amount Ad), which affects the exhaust gas
components sensed by the air-fuel ratio sensor 56. The
estimated air amount Gae is thus smaller than the actual
value. On the other hand, in the case of a stuck-open
anomaly, the fuel from the addition valve 26 reacts with
oxygen in the oxidation catalyst 22. The exhaust temper-
ature downstream of the oxidation catalyst 22 thus be-
comes high as compared to a case without a stuck-open
anomaly. As a result, the exhaust temperature Tex be-
comes higher than the estimated exhaust temperature
Texe, which is obtained assuming that fuel addition by
the addition valve 26 is not being executed. Therefore,
the predetermined amount ΔTe is set to an assumed up-
per limit of the amount by which the exhaust temperature
Tex exceeds the estimated exhaust temperature Texe
due to a calculation error in the estimated exhaust tem-
perature Texe caused by noise or the like, despite the
fact that the addition valve 26 operates normally.
[0039] If the CPU 42 determines that the value ob-
tained by subtracting the predetermined amount ΔTe
from the exhaust temperature Tex is smaller than or equal
to the estimated exhaust temperature Texe (S28: YES),
the CPU 42 increments the upward displacement deter-
mining counter C1 (S30). The CPU 42 then determines
whether the upward displacement determining counter
C1 is greater than or equal to a predetermined value C1th
(S32). If the CPU 42 determines that the upward dis-

placement determining counter C1 is greater than or
equal to the predetermined value C1th (S32: YES), the
CPU 42 determines that there is an upward displacement
anomaly (S34) and carries out S26.
[0040] In contract, if the CPU 42 makes a negative de-
termination in S18 or S28, the CPU 42 initializes the up-
ward displacement determining counter C1 and a down-
ward displacement determining counter C2 (S36). The
CPU 42 suspends the series of processes shown in Fig.
3 when S26 or S36 is completed or a negative determi-
nation is made in S10, S22, or S32.
[0041] The operation and advantages of the present
embodiment will now be described.
[0042] Fig. 4 represents changes of the intake air
amount Ga, the value obtained by subtracting the esti-
mated air amount Gae from the intake air amount Ga,
the value obtained by subtracting the estimated exhaust
temperature Texe from the exhaust temperature Tex,
and the upward displacement determining counter C1.
[0043] In the period from a point in time t1 to a point in
time t2, the intake air amount Ga is greater than the es-
timated air amount Gae by a margin greater than or equal
to the specified amount ΔGa1. Also, in this period, the
absolute value of the difference between the exhaust
temperature Tex and the estimated exhaust temperature
Texe is small. Therefore, the CPU 42 increments the up-
ward displacement determining counter C1. However, at
the point in time t2, the exhaust temperature Tex be-
comes higher than the estimated exhaust temperature
Texe by a margin greater than or equal to the predeter-
mined amount ΔTe. This causes the CPU 42 to initialize
the upward displacement determining counter C1. Then,
continuously following a point in time t3, the intake air
amount Ga remains greater than the estimated air
amount Gae by a margin greater than or equal to the
specified amount ΔGa1. Also, the absolute value of the
difference between the exhaust temperature Tex and the
estimated exhaust temperature Texe remains small.
Therefore, the CPU 42 continuously increments the up-
ward displacement determining counter C1. At a point in
time t4, the upward displacement determining counter
C1 reaches the predetermined value C1th, thus causing
the CPU 42 to determine that an upward displacement
anomaly has occurred.
[0044] Fig. 4 illustrates a case without a stuck-open
anomaly. In a case with a stuck-open anomaly, even
when the intake air amount Ga is excessively greater
than the estimated air amount Gae, the exhaust temper-
ature Tex is higher than the estimated exhaust temper-
ature Texe by a margin greater than or equal to the pre-
determined amount ΔTe. The upward displacement de-
termining counter C1 is thus maintained without being
incremented.
[0045] As has been described, in the present embod-
iment, not only the difference between the intake air
amount Ga and the estimated air amount Gae but also
the difference between the exhaust temperature Tex and
the estimated exhaust temperature Texe is taken into
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consideration. This ensures accurate determination re-
garding the upward displacement anomaly in the air flow-
meter 50, while restraining erroneous determination that
there is an upward displacement anomaly due to a stuck-
open anomaly.
[0046] The present embodiment described above fur-
ther has the following advantages.

(1) The condition that the amount by which the ex-
haust temperature Tex exceeds the estimated ex-
haust temperature Texe is smaller than or equal to
the predetermined amount ΔTe is set as a condition
for determining that there is an upward displacement
anomaly. This ensures effective determination re-
garding the upward displacement anomaly while re-
straining influence by a temperature difference be-
tween the upstream side and the downstream side
of the oxidation catalyst 22 due to, for example, tran-
sient operation of the engine 10, compared to a case
that sets a condition that the difference between the
upstream side and the downstream side of the oxi-
dation catalyst 22 is smaller than or equal to a pre-
determined amount.
(2) The diagnosis executing condition includes the
condition that the adding process of fuel by the ad-
dition valve 26 is not being executed. This makes it
unnecessary to consider errors in the addition
amount added by the addition valve 26 as a factor
of errors in the estimated air amount Gae. The spec-
ified amounts ΔGa1, ΔGa2 are thus minimized. Also,
since it is unnecessary to consider errors in the ad-
dition amount added by the addition valve 26 as a
factor of errors in the estimated exhaust temperature
Texe, the predetermined amount ΔTe is minimized.
(3) The diagnosis executing condition includes the
condition that the change amount ΔAf of the air-fuel
ratio Af is smaller than or equal to the predetermined
amount Δth. This maximally restrains a factor of
noise involved in anomaly determination.

<Second Embodiment>

[0047] A second embodiment will now be described
with reference to Fig. 5. The differences from the first
embodiment will mainly be discussed.
[0048] In the second embodiment, during the execu-
tion of the adding process, the exhaust temperature es-
timating process M26 takes the increasing amount of the
exhaust temperature Tex downstream of the oxidation
catalyst 22 caused by the fuel addition by the addition
valve 26 into consideration in calculation of the estimated
exhaust temperature Texe. Such calculation is imple-
mented by correcting, by means of the CPU 42, the afore-
mentioned base temperature to increase in correspond-
ence with the addition amount Ad added by the addition
valve 26. Specifically, the CPU 42 may determine a great-
er increasing-correction amount when the addition
amount Ad is great than when the addition amount Ad is

small. Specifically, the increasing-correction amount
may be map-calculated by the CPU 42 with reference to
map data in which the addition amount Ad is an input
variable and the increasing-correction amount is an out-
put variable. The map data is memorized by the ROM 44
in advance.
[0049] Fig. 5 represents the procedure of the diagnos-
ing process M28. The process shown in Fig. 3 is imple-
mented by executing a program memorized in the ROM
44 by means of the CPU 42 repeatedly at, for example,
predetermined cycles. In Fig. 5, the steps that are iden-
tical with the corresponding steps shown in Fig. 3 are
given identical step numbers as those given to the cor-
responding steps of Fig. 3.
[0050] In the series of processes shown in Fig. 5, the
CPU 42 first determines whether a diagnosis executing
condition is met (S10a). The diagnosis executing condi-
tion does not include the aforementioned condition (i). If
the CPU 42 determines that the diagnosis executing con-
dition is met (S10a: YES), the CPU 42 calculates the
estimated air amount Gae based on the intake air amount
Ga, the addition amount Ad, and the injection amount Q
(S12a). Specifically, the CPU 42 determines a greater
estimated air amount Gae when the air-fuel ratio Af is
great than when the air-fuel ratio Af is small, when the
injection amount Q is great than when the injection
amount Q is small, and when the addition amount Ad is
great than when the addition amount Ad is small. Such
calculation may be implemented by, for example, a proc-
ess of substituting, for the estimated air amount Gae, the
product of the sum of the integrated value of the injection
amount Q in a predetermined period and the integrated
value of the addition amount Ad in the predetermined
period and the air-fuel ratio Af. If the addition amount Ad
is zero, the same processing as that of S12 of Fig. 3 is
performed.
[0051] After completing S12a, the CPU 42 performs
S14. If the CPU 42 makes a negative determination in
S10a, the CPU 42 suspends the process shown in Fig.
5. Specifically, in the second embodiment, the predeter-
mined amount ΔTe is set to an assumed upper limit of
the amount by which the actual exhaust temperature Tex
exceeds the estimated exhaust temperature Texe when
the adding process is being executed. As a result, a neg-
ative determination is made in S28 if there is a stuck-
open anomaly in the addition valve 26 and the addition
amount in this state is greater than the addition amount
at the time of the adding process. This restrains errone-
ous determination that there is an upward displacement
anomaly at the time of a stuck-open anomaly.

<Correspondence>

[0052] The correspondence between the items in the
above-described embodiments and the items described
in the above SUMMARY is as follows. Below, the corre-
spondence is shown for each of the numbers in the ex-
amples described in the above SUMMARY.
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[1] The "catalyst" corresponds to the oxidation cat-
alyst 22. The "anomaly diagnosing apparatus" cor-
responds to the controller 40. The "air amount esti-
mating process" corresponds to S12 and S12a. The
"upward displacement anomaly determining proc-
ess" corresponds to S14 and S28 to S34. The "ref-
erence value" corresponds to the estimated exhaust
temperature Texe.
[2] The "predetermined period" corresponds to the
period that lasts for the time equal to the value ob-
tained by multiplying the control cycle of the proc-
esses of Figs. 3 and 5 by the predetermined value
C1th.
[3] Example 3 corresponds to the fact that the diag-
nosis executing condition of S10 includes a condition
that "the adding process is in an interrupted state".
[4] The "air amount estimating process" corresponds
to S12a.
[5] The "exhaust temperature estimating process"
corresponds to M26.
[6] Example 6 corresponds to the fact that the diag-
nosis executing condition of S10 includes a condition
that the change amount ΔAf of the air-fuel ratio Af is
smaller than or equal to the predetermined amount
Δth.

<Other Embodiments>

[0053] The above-described embodiments may be
modified as follows. The above-described embodiments
and the following modifications can be combined as long
as the combined modifications remain technically con-
sistent with each other.

Regarding Exhaust Temperature Estimating Process

[0054] In the above-described embodiments, the esti-
mated exhaust temperature Texe is calculated based on
the rotation speed NE and the injection amount Q, which
define the operating point of the internal combustion en-
gine 10. However, the invention is not restricted to this.
For example, the accelerator operation amount ACCP
may be used instead of the injection amount Q as load.
Alternatively, for example, the estimated exhaust tem-
perature Texe may be calculated based on the air-fuel
ratio Af in addition to the rotation speed NE and the load.
Such calculation is implemented by, for example, a proc-
ess of correcting the base temperature, which is deter-
mined in correspondence with the rotation speed NE and
the load, by a correction amount determined in corre-
spondence with the air-fuel ratio and then causing the
estimated exhaust temperature Texe to converge to the
corrected base temperature. Specifically, the correction
amount may be map-calculated by the CPU 42 with ref-
erence to map data in which the air-fuel ratio is an input
variable and the correction amount is an output variable.
The map data is memorized in the ROM 44 in advance.
[0055] The process of causing the estimated exhaust

temperature Texe to converge to the base temperature,
which is determined in correspondence with the operat-
ing point, is not restricted to the exponential moving av-
erage process. The process may be, for example, a proc-
ess of setting an output value of a low-pass filter, such
as a first-order lag filter or a second-order lag filter, in
which the base temperature is an input may be set as
the estimated exhaust temperature Texe.

Regarding Reference Value

[0056] For example, as will be described in the section
"Regarding Exhaust System," an exhaust temperature
sensor may be arranged upstream of the oxidation cat-
alyst 22, and, in S28, a detected value obtained by the
upstream exhaust temperature sensor may be used in-
stead of the estimated exhaust temperature Texe. Spe-
cifically, in this case, the predetermined amount ΔTe may
be set to the upper limit of the amount by which the down-
stream exhaust temperature exceeds the upstream ex-
haust temperature in a case without a stuck-open anom-
aly of the addition valve 26. Alternatively, instead of the
detected value of the upstream exhaust temperature sen-
sor, an estimated upstream exhaust temperature based
on the operating point of the engine 10 may be used to
calculate the "reference value".

Regarding Upward Displacement Anomaly Determining 
Process

[0057] In the above-described embodiments, it is de-
termined that there is an upward displacement anomaly
if the logical conjunction of the condition that the intake
air amount Ga is greater than the estimated air amount
Gae by a margin greater than or equal to the specified
amount ΔGa and the condition that the amount by which
the exhaust temperature Tex exceeds the estimated ex-
haust temperature Texe is smaller than or equal to the
predetermined amount ΔTe remains true continuously
for a predetermined period. However, the invention is not
restricted to this. For example, it may be determined that
there is an upward displacement anomaly if the above-
described logical conjunction remains true for a prede-
termined accumulated time or longer in a specified peri-
od. Alternatively, for example, it may be determined that
there is an upward displacement anomaly immediately
after the logical conjunction becomes true.

Regarding Downward Displacement Anomaly Determin-
ing Process

[0058] In the above-described embodiments, it is de-
termined that there is a downward displacement anomaly
if the intake air amount Ga remains smaller than the es-
timated air amount Gae by a margin greater than or equal
to the specified amount ΔGa2 continuously for a prede-
termined time. However, the invention is not restricted to
this. For example, it may be determined that there is a
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downward displacement anomaly if the intake air amount
Ga remains smaller than the estimated air amount Gae
by a margin greater than or equal to the specified amount
ΔGa2 continuously for a predetermined accumulated
time or longer in a specified period. Alternatively, it may
be determined that there is a downward displacement
anomaly immediately after the intake air amount Ga be-
comes smaller than the estimated air amount Gae by a
margin greater than or equal to the specified amount
ΔGa2.

Regarding Diagnosis Executing Condition

[0059] Although the diagnosis executing condition of
the first embodiment includes the condition that the add-
ing process is in an interrupted state, the invention is not
restricted to this. For example, exclusively for the down-
ward displacement anomaly determining process, the di-
agnosis executing condition may include a condition that
the adding process is in an interrupted state. Also, in the
above-described embodiments, it is not essential to use,
as a condition, the condition that the change amount ΔAf
of the air-fuel ratio Af is smaller than or equal to the pre-
determined amount Δth.

Regarding Notification Process

[0060] In the above-described embodiments, the proc-
ess of operating a device that outputs visual information
(the warning light 66) is used, by way of example, as the
notification process of issuing a notification about the ex-
istence of an anomaly. However, the invention is not re-
stricted to this. For example, the notification process may
be a process of operating a device that outputs auditory
information, such as warning sound. In other words, any
suitable notifying device may be employed as long as
the notifying device outputs at least either auditory or
visual information.

Regarding Exhaust System

[0061] In the above-described embodiments, the ad-
dition valve 26 is provided upstream of the oxidation cat-
alyst 22, while the exhaust temperature sensor 52 and
the air-fuel ratio sensor 56 are provided downstream of
the oxidation catalyst 22. However, the invention is not
restricted to this. For example, the oxidation catalyst 22
may be omitted and replaced by an oxidation catalyst
arranged in the DPF 24. In this configuration, the addition
valve 26 may be provided upstream of the DPF 24 while
the exhaust temperature sensor 52 and the air-fuel ratio
sensor 56 may be provided downstream of the DPF 24.
Alternatively, the air-fuel ratio sensor 56 may be arranged
downstream of the addition valve 26 and upstream of the
oxidation catalyst 22.

Regarding Anomaly Diagnosing Apparatus

[0062] The anomaly diagnosing apparatus is not limit-
ed to an apparatus that includes the CPU 42 and the
ROM 44 and executes software processing. For exam-
ple, at least part of the processes executed by the soft-
ware in the above-described embodiment may be exe-
cuted by hardware circuits dedicated to execution of
these processes (such as ASIC). That is, the anomaly
diagnosing apparatus may be modified as long as it has
any one of the following configurations (a) to (c). (a) A
configuration including a processor that executes all of
the above-described processes according to programs
and a program storage device such as a ROM (including
a non-transitory computer readable medium) that stores
the programs, (b) A configuration including a processor
and a program storage device that execute part of the
above-described processes according to the programs
and a dedicated hardware circuit that executes the re-
maining processes. (c) A configuration including a ded-
icated hardware circuit that executes all of the above-
described processes. A plurality of software processing
circuits each including a processor and a program stor-
age device and a plurality of dedicated hardware circuits
may be provided. That is, the above processes may be
executed in any manner as long as the processes are
executed by processing circuitry that includes at least
one of a set of one or more software processing circuits
and a set of one or more dedicated hardware circuits.

Other Embodiments

[0063] The internal combustion engine is not limited to
a four-cylinder engine. For example, an in-line six-cylin-
der engine may be used. The execution of the downward
displacement anomaly determining process based on
comparison between the estimated air amount Gae and
the intake air amount Ga is not always necessary. Also,
the adding process is not restricted to the PM regener-
ating process.

Claims

1. An anomaly diagnosing apparatus (40) for an air
flowmeter (50), wherein
the air flowmeter (50) is arranged in an intake pas-
sage (12) of an internal combustion engine (10) and
is configured to detect an air amount (Ga),
the engine (10) includes a catalyst (22), which is ar-
ranged in an exhaust passage (20) and has an oxi-
dizing function, an addition valve (26), which is ar-
ranged upstream of the catalyst (22) in the exhaust
passage (20) and is configured to add fuel to exhaust
gas, an air-fuel ratio sensor (56), which is arranged
downstream of the addition valve (26) in the exhaust
passage (20), an exhaust temperature sensor (52),
which is arranged downstream of the catalyst (22)
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in the exhaust passage (20), and a fuel injection
valve (18), which is configured to supply fuel into a
combustion chamber (16), and
the anomaly diagnosing apparatus (40) is charac-
terized by comprising processing means configured
to execute:

an air amount estimating process of calculating
an estimated air amount (Gae), which is an es-
timated value of an air amount, based on an air-
fuel ratio (Af) detected by the air-fuel ratio sensor
(56) and an injection amount (Q) injected by the
fuel injection valve (18); and
an upward displacement anomaly determining
process of determining that there is an anomaly
in which a detected value (Ga) of the air flowm-
eter (50) is greater than an actual value if a log-
ical conjunction is true of the condition that the
detected value (Ga) of the air flowmeter (50) is
greater than the estimated air amount (Gae) by
a margin greater than or equal to a specified
amount (ΔGa1) and the condition that an amount
by which a detected value (Tex) of the exhaust
temperature sensor (52) exceeds a reference
value (Texe) is smaller than or equal to a pre-
determined amount (ΔTe).

2. The anomaly diagnosing apparatus (40) for an air
flowmeter (50) according to claim 1, characterized
in that the upward displacement anomaly determin-
ing process is a process of determining that there is
an anomaly in which the detected value (Ga) of the
air flowmeter (50) is greater than an actual value if
the logical conjunction remains true for a predeter-
mined period (C1th).

3. The anomaly diagnosing apparatus (40) for an air
flowmeter (50) according to claim 1 or 2, character-
ized in that the upward displacement anomaly de-
termining process is a process of determining that
there is the anomaly based on the estimated air
amount (Gae), which is calculated through the air
amount estimating process, when an adding process
of the fuel by the addition valve (26) is not being
executed.

4. The anomaly diagnosing apparatus (40) for an air
flowmeter (50) according to claim 1 or 2, character-
ized in that
the air amount estimating process is a process of
calculating the estimated air amount (Gae) based on
a fuel amount (Ad) added to the exhaust gas by the
addition valve (26) in addition to the air-fuel ratio (Af)
detected by the air-fuel ratio sensor (56) and the fuel
amount (Q) injected by the fuel injection valve (18),
and
the upward displacement anomaly determining proc-
ess includes a process of determining that there is

the anomaly based on the estimated air amount
(Gae) calculated through the air amount estimating
process when the adding process of the fuel is being
executed by the addition valve (26).

5. The anomaly diagnosing apparatus (40) for an air
flowmeter (50) according to any one of claims 1 to
4, characterized in that
the processing means is configured to execute an
exhaust temperature estimating process of calculat-
ing an estimated exhaust temperature (Texe), which
is an estimated value of an exhaust temperature
downstream of the catalyst (22), based on an oper-
ating point of the engine (10), and
the reference value (Texe) is the estimated exhaust
temperature (Texe).

6. The anomaly diagnosing apparatus (40) for an air
flowmeter (50) according to any one of claims 1 to
5, characterized in that the processing means is
configured to execute the upward displacement
anomaly determining process when a change
amount (ΔAf) of the air-fuel ratio (Af) is smaller than
or equal to a predetermined amount (Δth).

7. An anomaly diagnosing method for an air flowmeter
(50), wherein
the air flowmeter (50) is arranged in an intake pas-
sage (12) of an internal combustion engine (10) and
detects an air amount (Ga),
the engine (10) includes a catalyst (22), which is ar-
ranged in an exhaust passage (20) and has an oxi-
dizing function, an addition valve (26), which is ar-
ranged upstream of the catalyst (22) in the exhaust
passage (20) and adds fuel to exhaust gas, an air-
fuel ratio sensor (56), which is arranged downstream
of the addition valve (26) in the exhaust passage
(20), an exhaust temperature sensor (52), which is
arranged downstream of the catalyst (22) in the ex-
haust passage (20), and a fuel injection valve (18),
which supplies fuel into a combustion chamber (16),
the anomaly diagnosing method being character-
ized by comprising:

calculating an estimated air amount (Gae),
which is an estimated value of an air amount,
based on an air-fuel ratio (Af) detected by the
air-fuel ratio sensor (56) and an injection amount
(Q) injected by the fuel injection valve (18); and
determining that there is an anomaly in which a
detected value (Ga) of the air flowmeter (50) is
greater than an actual value if a logical conjunc-
tion is true of the condition that the detected val-
ue (Ga) of the air flowmeter (50) is greater than
the estimated air amount (Gae) by a margin
greater than or equal to a specified amount
(ΔGa1) and the condition that an amount by
which a detected value (Tex) of the exhaust tem-
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perature sensor (52) exceeds a reference value
(Texe) is smaller than or equal to a predeter-
mined amount (ΔTe).

8. A non-transitory computer readable medium that
stores a program for causing a processor (42) to ex-
ecute an anomaly diagnosing process for an air flow-
meter (50), wherein
the air flowmeter (50) is arranged in an intake pas-
sage (12) of an internal combustion engine (10) and
detects an air amount (Ga),
the engine (10) includes a catalyst (22), which is ar-
ranged in an exhaust passage (20) and has an oxi-
dizing function, an addition valve (26), which is ar-
ranged upstream of the catalyst (22) in the exhaust
passage (20) and adds fuel to exhaust gas, an air-
fuel ratio sensor (56), which is arranged downstream
of the addition valve (26) in the exhaust passage
(20), an exhaust temperature sensor (52), which is
arranged downstream of the catalyst (22) in the ex-
haust passage (20), and a fuel injection valve (18),
which supplies fuel into a combustion chamber (16),
the non-transitory computer readable medium being
characterized in that the anomaly diagnosing proc-
ess includes
calculating an estimated air amount (Gae), which is
an estimated value of an air amount, based on an
air-fuel ratio (Af) detected by the air-fuel ratio sensor
(56) and an injection amount (Q) injected by the fuel
injection valve (18), and
determining that there is an anomaly in which a de-
tected value (Ga) of the air flowmeter (50) is greater
than an actual value if a logical conjunction is true
of the condition that the detected value (Ga) of the
air flowmeter (50) is greater than the estimated air
amount (Gae) by a margin greater than or equal to
a specified amount (ΔGa1) and the condition that an
amount by which a detected value (Tex) of the ex-
haust temperature sensor (52) exceeds a reference
value (Texe) is smaller than or equal to a predeter-
mined amount (ΔTe).
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