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(54) VEHICLE CONTROL DEVICE

(57) A vehicle control apparatus (100) is mounted on
a vehicle (1) provided with: an engine (10) which can use
a first fuel and a second fuel in which emission is lower
than that of the first fuel; a fuel changing device (21, 23,
31) capable of changing between the first fuel and the
second fuel and supplying it to the engine; and a catalyst
(13) placed in an exhaust system (12) of the engine. The
vehicle control apparatus is provided with: a catalyst de-
terioration detecting device (31) capable of performing
detection of deterioration of the catalyst; and a controlling
device (31) for controlling the catalyst deterioration de-
tecting device to perform the detection of the deteriora-
tion when an operating range of the vehicle corresponds
to an operating range suitable for the detection of the
deterioration and when the first fuel is supplied to the
engine by the fuel changing device.
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Description

Technical Field

[0001] The present invention relates to a control appa-
ratus for a vehicle, such as an automobile, and particu-
larly relates to a control apparatus for a vehicle equipped
with an engine which can use two types of fuel such as
liquid fuel and gaseous fuel (i.e. a bifuel engine).

Background Art

[0002] In a vehicle equipped with this type of appara-
tus, detection of degradation of a catalyst, such as a
three-way catalyst, disposed in an exhaust passage of
the engine is performed in many cases. As a method of
detecting the deterioration of the catalyst, for example,
there has been suggested a method in which feedback
control is performed on an air-fuel ratio according to an
output of an O2 sensor disposed on the downstream side
of the catalyst installed in an exhaust system of the en-
gine using natural gas as fuel, in which a judgment pa-
rameter is calculated on the basis of an inversion cycle
of the sensor output which is being subject to the feed-
back control, and in which it is judged that the catalyst is
deteriorated when the calculated judgment parameter is
less than a judgment reference value (refer to a patent
document 1).
[0003] Alternatively, there has been suggested a meth-
od in which oxygen concentration in an exhaust gas is
measured by using a sub oxygen sensor disposed on
the downstream side of the three-way catalyst placed in
an exhaust tube of a gas engine, in which it is judged
from an output of the sub oxygen sensor whether it is in
a gas-rich state or a gas-lean state, in which NOx con-
centration in the exhaust gas is determined by using an
NOx sensor placed on the downstream of the three-way
catalyst only if it is judged that it is in the gas-rich state
or only if it is judged from an output voltage of the sub
oxygen sensor that it is close to a control target, and in
which it is judged whether or not there is the deterioration
of the catalyst from the NOx concentration (refer to a pat-
ent document 2).

Prior Art Document

Patent Document

[0004]

Patent document 1: Japanese Patent Application
Laid Open No. Hei 11-159375
Patent document 2: Japanese Patent Application
Laid Open No. Hei 9-125937

Disclosure of Invention

Subject to be Solved by the Invention

[0005] However, the aforementioned patent document
has such a technical problem that it does not disclose a
method of detecting the deterioration of the catalyst in a
vehicle equipped with the bifuel engine (hereinafter re-
ferred to as a "bifuel vehicle" as occasion demands).
Here, in particular, there is also such a technical problem
that emission becomes worse depending on the fuel used
in performing the detection of the deterioration of the cat-
alyst.
[0006] In view of the aforementioned problems, it is
therefore an object of the present invention to provide a
vehicle control apparatus capable of appropriately per-
forming the detection of the deterioration of the catalyst
while suppressing the emission deterioration in the bifuel
vehicle.

Means for Solving the Subject

[0007] The above object of the present invention can
be achieved by a vehicle control apparatus mounted on
a vehicle provided with: an engine which can use a first
fuel and a second fuel in which emission is lower
than_that of the first fuel; a fuel changing device capable
of changing between the first fuel and the second fuel
and supplying it to the engine; and a catalyst placed in
an exhaust system of the engine, the vehicle control ap-
paratus provided with: a catalyst deterioration detecting
device capable of performing detection of deterioration
of the catalyst; and a controlling device for controlling the
catalyst deterioration detecting device to perform the de-
tection of the deterioration when an operating range of
the vehicle corresponds to an operating range suitable
for the detection of the deterioration and when the first
fuel is supplied to the engine by the fuel changing device.
[0008] According to the vehicle control apparatus of
the present invention, the vehicle control apparatus is
mounted on a vehicle provided with: an engine which can
use a first fuel such as a compressed natural gas (CNG)
and a second fuel such as gasoline in which emission is
lower than_that of the first fuel; a fuel changing device
capable of changing between the first fuel and the second
fuel and supplying it to the engine; and a catalyst such
as a three-way catalyst placed in an exhaust system of
the engine.
[0009] The catalyst deterioration detecting device
which is provided with, for example, a memory, a proc-
essor, and the like can perform detection of deterioration
of the catalyst. Incidentally, to the "detection of deterio-
ration of the catalyst", various known aspects can be ap-
plied, such as a Cmax method in which the air-fuel ratio
is changed alternately to be rich and lean in an operating
range where a purification capacity of the catalyst can
be accurately recognized, in which oxygen is adsorbed
to or desorbed from the catalyst, and in which an O2
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storage capacity (OSC) is calculated.
[0010] The controlling device which is provided with,
for example, a memory, a processor, and the like controls
the catalyst deterioration detecting device to perform the
detection of the deterioration when an operating range
of the vehicle corresponds to an operating range suitable
for the detection of the deterioration and when the first
fuel is supplied to the engine by the fuel changing device.
Here, the "operating range suitable for the detection of
the deterioration" means an operating range which is not
influenced by or is within an allowable range of a driving
state of the vehicle with respect to the detection of the
catalyst deterioration, which satisfies conditions such as,
for example, that the catalyst is completely warmed up,
that the air-fuel ratio is stable, and that an intake air
amount is within a specified range.
[0011] The expression "when the first fuel is supplied
to the engine by the fuel changing device" is not limited
to when the first engine is actually supplied to the engine
but may include a period (or mode) in which the first fuel
is supplied to the engine, regularly or irregularly.
[0012] According to a study by the present inventors,
the following matter has been found; namely, in a bifuel
vehicle, the detection of the deterioration of the catalyst
is performed in many cases when the bifuel vehicle drives
with the liquid fuel such as gasoline. Then, due to the
detection of the deterioration of the catalyst, the emission
possibly becomes worse. Thus, this possibly prevents
the super low emission of the vehicle.
[0013] However, in the present invention, as described
above, by the controlling device, the catalyst deteriora-
tion detecting device is controlled to perform the detec-
tion of the deterioration when the operating range of the
vehicle corresponds to the operating range suitable for
the detection of the deterioration and when the first fuel
is supplied to the engine by the fuel changing device. In
other words, in the present invention, since the detection
of the deterioration is performed by the catalyst deterio-
ration detecting device when the first fuel in which the
emission is better than that of the second fuel is supplied
to the engine, it is possible to prevent that the emission
becomes worse beyond an allowable range due to the
detection of the deterioration of the catalyst. Therefore,
according to the vehicle control apparatus of the present
invention, it is possible to appropriately perform the de-
tection of the deterioration of the catalyst while suppress-
ing the emission deterioration in the bifuel vehicle.
[0014] In one aspect of the vehicle control apparatus
of the present invention, the controlling device controls
the fuel changing device to supply the first fuel to the
engine and controls the catalyst deterioration detecting
device to perform the detection of the deterioration after
the operating range of the vehicle corresponds to the
operating range suitable for the detection of the deterio-
ration when the second fuel is supplied to the engine by
the fuel changing device.
[0015] According to this aspect, in the vehicle control
apparatus, if the operating range of the vehicle corre-

sponds to the operating range suitable for the detection
of the deterioration when the second fuel is supplied to
the engine, the detection of the deterioration is not per-
formed as it is, but the fuel supplied to the engine is
changed from the second fuel to the first fuel, and then,
the detection of the deterioration is performed. Therefore,
it is possible to suppress the emission deterioration.
[0016] Incidentally, the expression "when the second
fuel is supplied to the engine by the fuel changing device"
is not limited to when the second fuel is actually supplied
to the engine but may include a period (or mode) in which
the second fuel is supplied to the engine, regularly or
irregularly.
[0017] In another aspect of the vehicle control appa-
ratus of the present invention, the controlling device con-
trols the fuel changing device to keep supplying the first
fuel to the engine even after the operating range of the
vehicle corresponds to an operating range in which the
second fuel is to be supplied to the engine, controls the
catalyst deterioration detecting device to perform the de-
tection of the deterioration after the operating range of
the vehicle corresponds to the operating range suitable
for the detection of the deterioration, and controls the fuel
changing device to supply the second fuel to the engine
after the detection of the deterioration is performed by
the catalyst deterioration detecting device.
[0018] According to this aspect, in the vehicle control
apparatus, a period in which the vehicle drives with the
first fuel (i.e. a period in which the first fuel is supplied to
the engine) is extended, and the detection of the deteri-
oration is performed after the operating range of the ve-
hicle corresponds to the operating range suitable for the
detection of the deterioration. Then, after the detection
of the deterioration is performed, the fuel changing device
is controlled by the controlling device to supply the sec-
ond fuel to the engine.
[0019] According to the study by the present inventors,
the following matter has been found; namely, in the bifuel
vehicle, in many cases, the first fuel in which the emission
is relatively good is used to start the engine, and for ex-
ample, after the catalyst is sufficiently warmed up, the
fuel supplied to the engine is changed from the first fuel
to the second fuel. Thus, if the fuel is changed again to
the first fuel in order to detect the deterioration after the
fuel is changed to the second fuel, the emission and/or
drivability possibly becomes worse due to the fuel
change.
[0020] However, in the present invention, as described
above, by the controlling deice, the fuel changing device
is controlled to keep supplying the first fuel to the engine
even after the operating range of the vehicle corresponds
to the operating range in which the second fuel is to be
supplied to the engine, and the catalyst deterioration de-
tecting device is controlled to perform the detection of
the deterioration after the operating range of the vehicle
corresponds to the operating range suitable for the de-
tection of the deterioration. Therefore, since the number
of times to change the fuel can be suppressed, it is pos-
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sible to suppress the emission and/or drivability deterio-
ration due to the fuel change.
[0021] Incidentally, the expression "the operating
range in which the second fuel is to be supplied to the
engine" means an operating range in which the emission
of the first fuel and the emission of the second fuel are
substantially equal after the catalyst is warmed up.
[0022] In this aspect, the controlling device may control
the fuel changing device to supply the second fuel to the
engine when a time length for supplying the first fuel to
the engine elapses a predetermined time if the fuel
changing device is controlled by the controlling device to
keep supplying the first fuel to the engine even after the
operating range of the vehicle corresponds to the oper-
ating range in which the second fuel is to be supplied to
the engine.
[0023] By virtue of such a configuration, it is possible
to prevent that the first fuel is used, for example, more
than intended by a manufacturer or the like, which is ex-
tremely useful in practice. In particular, in a case where
the first fuel is gaseous fuel such as a CNG, since a facility
or equipment capable of supplying the gaseous fuel is
limited, it is possible to reduce a user’s load or burden,
such as refilling the first fuel, by suppressing the amount
of the first fuel used
[0024] The "predetermined time" of the present inven-
tion is a value for determining whether or not the fuel
supplied to the engine is changed from the first fuel to
the second fuel, and it is a value set as a fixed value or
a variable value according to some physical quantity or
parameter in advance. Such a "predetermined time" may
be set as a time for consuming the first fuel corresponding
to a maximum value in an allowable range of the first fuel
which can be used at the start of the engine, wherein the
allowable range is obtained in accordance with a maxi-
mum capacity of a fuel tank for storing the first fuel, by
experiments, experiences, or simulations.
[0025] In another aspect of the vehicle control appa-
ratus of the present invention, the controlling device con-
trols the fuel changing device to supply the second fuel
to the engine and controls the catalyst deterioration de-
tecting device to perform the detection of the deteriora-
tion after the detection of the deterioration is performed
by the catalyst deterioration detecting device.
[0026] According to this aspect, in the vehicle control
apparatus, the detection of the deterioration of the cata-
lyst is performed on each of the first fuel and the second
fuel.
[0027] According to the study by the present inventors,
the following matter has been found; namely, in a region
such as US and Europe, the detection of the deterioration
of the catalyst is regulated by an on board diagnosis
(OBD) regulation. Depending on a regulatory trend, there
is a possibility that it will be obliged to perform the detec-
tion of the deterioration of the catalyst in both the two
types of fuel in the bifuel vehicle in the future. In this case,
due to the fuel change associated with the detection of
the deterioration of the catalyst, the drivability and/or

emission possibly becomes worse.
[0028] However, in the present invention, as described
above, by the controlling device, the fuel changing device
is controlled to supply the second fuel to the engine, and
the catalyst deterioration detecting device is controlled
to perform the detection of the deterioration after the de-
tection of the deterioration is performed by the catalyst
deterioration detecting device. Therefore, even if it is
obliged to perform the detection of the deterioration of
the catalyst in both the two types of fuel in the future, it
is possible to appropriately perform the detection of the
deterioration of the catalyst. In addition, since the number
of times to change the fuel can be suppressed, it is pos-
sible to suppress the drivability and/or emission deterio-
ration due to the fuel change.
[0029] In an aspect in which the fuel changing device
is controlled to keep supplying the first fuel to the engine
even after the operating range corresponds to the oper-
ating range in which the second fuel is to be supplied to
the engine, the controlling device may control the fuel
changing device to supply the second fuel to the engine
and controls the catalyst deterioration detecting device
to perform the detection of the deterioration after the de-
tection of the deterioration is performed by the catalyst
deterioration detecting device.
[0030] By virtue of such a configuration, the detection
of the deterioration of the catalyst can be performed on
each of the first fuel and the second fuel. Thus, even if it
is obliged to perform the detection of the deterioration of
the catalyst in both the two types of fuel in the future, it
is possible to appropriately perform the detection of the
deterioration of the catalyst. In addition, since the number
of times to change the fuel can be suppressed, it is pos-
sible to suppress the drivability and/or emission deterio-
ration due to the fuel change.
[0031] In another aspect of the vehicle control appa-
ratus of the present invention, the controlling device con-
trols the catalyst deterioration detecting device to perform
the detection of the deterioration, subsequently controls
the fuel changing device to supply the first fuel to the
engine, and controls the catalyst deterioration detecting
device to perform the detection of the deterioration, after
the operating range of the vehicle corresponds to the
operating range suitable for the detection of the deterio-
ration when the second fuel is supplied to the engine by
the fuel changing device.
[0032] According to this aspect, in the vehicle control
apparatus, the detection of the deterioration of the cata-
lyst is performed on each of the first fuel and the second
fuel. In addition, before the fuel supplied to the engine is
changed from the second fuel to the first fuel, the detec-
tion of the deterioration of the catalyst is performed on
the second fuel. Thus, it is possible to suppress the
number of times to change the fuel due to the detection
of the deterioration.
[0033] By the way, if the driving state of the vehicle
changes, the detection of the deterioration of the catalyst
is stopped in some cases. Here, in a case where the fuel
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supplied to the engine is the liquid fuel, if the detection
of the deterioration is stopped many times, the emission
becomes worse. On the other hand, for example, in the
CNG or the like, the emission is relatively good. Thus,
even if the detection of the deterioration is stopped, the
emission hardly becomes worse, which has been found
from the study by the present inventors.
[0034] As in this aspect, firstly, by performing the de-
tection of the deterioration of the catalyst on the second
fuel in which the emission is relatively low, it is possible
to suppress the possibility that the detection of the dete-
rioration is stopped. Therefore, according to this aspect,
it is possible to suppress the emission deterioration due
to the stop of the detection of the deterioration.
[0035] In another aspect of the vehicle control appa-
ratus of the present invention, the first fuel is gaseous
fuel and the second fuel is liquid fuel.
[0036] For example, until the catalyst is warmed up
and can perform a predetermined purification function,
the first fuel which is the gaseous fuel is supplied to the
engine. This can improve the emission of the vehicle,
which is extremely useful in practice. On the other hand,
after the catalyst can perform the predetermined purifi-
cation function, the second fuel which is the liquid fuel is
supplied to the engine. This can suppress the number of
refill the fuel, which is extremely useful in practice.
[0037] The operation and other advantages of the
present invention will become more apparent from Mode
for Carrying Out the Invention explained below.

Brief Description of Drawings

[0038]

[FIG. 1] FIG. 1 is a block diagram showing a config-
uration of a vehicle equipped with a vehicle control
apparatus in an embodiment of the present invention
[FIG. 2] FIG. 2 is a table showing one example of
amount of CO2 generated in a well-to-wheel for each
fuel.
[FIG. 3] FIG. 3 is a flowchart showing a catalyst de-
terioration detecting process performed by an ECU
in the embodiment of the present invention.
[FIG. 4] FIG. 4 is a flowchart showing a catalyst de-
terioration detecting process performed by an ECU
in a modified example of the present invention.

Mode for Carrying Out the Invention

[0039] Hereinafter, an embodiment of the vehicle con-
trol apparatus of the present invention will be explained
with reference to the drawings.
[0040] Firstly, a configuration of a vehicle equipped
with the vehicle control apparatus in the embodiment will
be explained with reference to FIG. 1. FIG. 1 is a block
diagram showing the configuration of the vehicle
equipped with the vehicle control apparatus in the em-
bodiment. Incidentally, for convenience of explanation,

FIG. 1 shows only members directly related to the em-
bodiment, and the illustration of other members is omitted
as occasion demands.
[0041] In FIG. 1, a vehicle 1 is provided with: an engine
10; an intake passage 11 and an exhaust passage 12
connected to a combustion chamber of the engine 10; a
three-way catalyst 13 placed in the exhaust passage; a
liquid fuel tank 22 for storing liquid fuel such as gasoline
and ethanol; a CNG tank 24 for storing a CNG; and an
electronic control unit (ECU) 31. Incidentally, for exam-
ple, on the downstream side of the three-way catalyst
13, a hydrocarbon (HC) absorbent or the like may be
placed.
[0042] The liquid fuel stored in the liquid fuel tank 22
is supplied to the engine 10 via a delivery pipe and an
injector 21 disposed in the intake passage 11. On the
other hand, the CNG stored in the CNG tank 24 is sup-
plied to the engine 10 via a delivery pipe and an injector
23 disposed in the intake passage 11. Incidentally, the
delivery pipe disposed between the CNG tank 24 and
the injector 23 is provided with, for example, a filter-oil
separator 25, a shutoff valve 26, a regulator 27, and the
like.
[0043] In the vehicle 1 configured as described above,
the ECU 31 changes between the liquid fuel and the
CNG, for example, in the following manner and supplies
it to the engine 10.
[0044] Namely, until the passage of a predetermined
time from the start of the engine 10, the ECU 31 controls
the injector 23 to supply the CNG to the engine 10 and
controls the injector 21 not to supply the liquid fuel to the
engine 10. On the other hand, after the passage of the
predetermined time, the ECU 31 controls the injector 21
to supply the liquid fuel to the engine 10 and controls the
injector 23 not to supply the CNG to the engine 10.
[0045] In other words, if a driving distance of the vehicle
1 is relatively short, the ECU 31 controls each of the in-
jectors 21 and 23 such that only the CNG is supplied to
the engine 10. On the other hand, if the driving distance
of the vehicle 1 is relatively long, the ECU 31 controls
each of the injectors 21 and 23 such that the fuel supplied
to the engine 10 is changed from the CNG to the liquid
fuel and such that the vehicle 1 mainly uses the liquid
fuel to drive.
[0046] By virtue of such a configuration, it is possible
to make a range of the vehicle 1 relatively long while
making a capacity of the CNG tank 24 relatively small.
In addition, with the miniaturization of the CNG tank 24,
it is also possible to reduce the weight and size of the
vehicle 1, or to expand a cabin space.
[0047] Alternatively, until the three-way catalyst 13 is
warmed up (i.e. until the three-way catalyst 13 can per-
form a predetermined purification function), the ECU 31
controls the injector 23 to supply the CNG to the engine
10 and controls the injector 21 not to supply the liquid
fuel to the engine 10. On the other hand, after the
three-way catalyst 13 is warmed up (i.e. after the three-
way catalyst 13 can perform the predetermined purifica-
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tion function), the ECU 31 controls the injector 21 to sup-
ply the liquid fuel to the engine 10 and controls the injector
23 not to supply the CNG to the engine 10.
[0048] In other words, until the three-way catalyst 13
is warmed up, the ECU 31 controls each of the injectors
21 and 23 such that only the CNG in which emission is
relatively good is supplied to the engine 10. On the other
hand, after the three-way catalyst 13 is warmed up, the
ECU 31 controls each of the injectors 21 and 23 such
that the fuel used in the engine 10 is changed from the
CNG from the liquid fuel and such that the vehicle 1 main-
ly uses the liquid fuel to drive.
[0049] By virtue of such a configuration, it is possible
to reduce amount of emissions before the three-way cat-
alyst 13 is warmed up. In addition, if the liquid fuel is, for
example, ethanol, as shown in FIG. 2 (refer to "E100"),
it is possible to significantly reduce CO2 emitted after the
three-way catalyst 13 is warmed up. FIG. 2 is a table
showing one example of amount of CO2 generated in a
well-to-wheel for each fuel.
[0050] Moreover, at the cold start at low temperatures,
such as an outside air temperature of below zero, diffi-
culty in vaporizing the liquid fuel (which becomes more
notable particularly with an increase in concentration of
ethanol or the like included in the liquid fuel) possibly
reduces the startability of the engine 10; however, the
use of the CNG can suppress the reduction in the start-
ability of the engine 10.
[0051] Incidentally, the three-way catalyst 13 may be
an electrically-heating type three-way catalyst. By virtue
of such a configuration, the three-way catalyst 13 can be
warmed up at a relatively early stage, and thus the
amount of the CNG used can be suppressed.
[0052] During the driving of the vehicle 1, as described
above, the liquid fuel and the CNG are mutually changed
and supplied to the engine 10. By this, it is possible to
reduce the emission of the vehicle 1 and to reduce CO2.
[0053] The "CNG" and the "liquid fuel" in the embodi-
ment are one example of the "first fuel" and the "second
fuel", respectively, and the "injectors 21 and 23" and the
"ECU 31" are one example of the "fuel changing device"
of the present invention.
[0054] In FIG. 1, a vehicle control apparatus 100 is
provided with: the ECU 31, an engine speed sensor 32;
a knock sensor 33; a water temperature sensor 34; an
air-fuel ratio sensor 35; a cam angle sensor 36; a throttle
position sensor 37; a gas temperature sensor 38; and a
gas pressure sensor 39.
[0055] Here, the ECU 31 can perform predetermined
deterioration detection such as, for example, a Cmax
method. Moreover, the ECU 31 performs the predeter-
mined deterioration detection when the operating range
of the vehicle 1 corresponds to an operating range in
which the detection of the deterioration of the three-way
catalyst 13 can be accurately performed and when the
CNG is supplied to the engine 10. Incidentally, the ECU
31 may also perform the predetermined deterioration de-
tection when the liquid fuel is supplied to the engine 10

in addition to when the CNG is supplied to the engine 10.
[0056] The "ECU 31" in the embodiment is one exam-
ple of the "catalyst deterioration detecting device" and
the "controlling device" of the present invention. In the
embodiment, one portion of the functions of the ECU 31
for various electronic controls of the vehicle 1 is used as
one portion of the vehicle control apparatus 10.
[0057] With reference to a flowchart in FIG. 3, an ex-
planation will be given to a catalyst deterioration detect-
ing process performed by the ECU 31 as one portion of
the vehicle control apparatus 100, mainly during the driv-
ing of the vehicle 1 equipped with the vehicle control ap-
paratus 100 as configured above.
[0058] In FIG. 3, firstly, the ECU 31 judges whether or
not it is during CNG driving (i.e. whether or not the vehicle
1 drives with the CNG as the fuel) (step S101). If it is
judged to be during the CNG driving (the step S101: Yes),
the ECU 31 judges whether or not the operating range
of the vehicle 1 corresponds to a liquid fuel operating
range (step S102).
[0059] Here, whether or not the operating range of the
vehicle 1 is the liquid fuel operating range may be judged
by obtaining, for example, an engine water temperature,
the number of revolutions of the engine, a load factor and
the like on the basis of signals outputted from the various
sensors and by judging whether or not it is in an operating
range in which the amount of emissions is small even if
the liquid fuel is used. Alternatively, whether or not the
operating range of the vehicle 1 is the liquid fuel operating
range may be judged, for example, on the basis of a map
for defining a CNG operating range and the liquid fuel
operating range or the like.
[0060] If it is judged that the operating range of the
vehicle 1 does not correspond to the liquid fuel operating
range (the step S102: No), the process is returned and
stopped to be in a standby state. In other words, until
reaching next process start timing uniquely determined
by a predetermined cycle, the implementation of the proc-
ess in the step S101 is stopped to be in the standby state.
[0061]  On the other hand, if it is judged that the oper-
ating range of the vehicle 1 corresponds to the liquid fuel
operating range (the step S102: Yes), the ECU 31 con-
trols each of the injectors 21 and 23 to continue the CNG
driving (i.e. to supply the CNG to the engine 10 and not
to supply the liquid fuel to the engine 10) (step S103).
[0062] Then, the ECU 31 judges whether or not the
operating range of the vehicle 1 corresponds to the op-
erating range in which the detection of the deterioration
of the three-way catalyst 13 can be accurately performed
(step S104). Here, whether or not the operating range of
the vehicle 1 corresponds to the operating range in which
the detection of the deterioration can be accurately per-
formed may be judged by judging whether it is after the
three-way catalyst 13 is completely warmed up, whether
the air-fuel ratio is stable, whether an intake air mount is
within a specified range, or the like, on the basis of the
signals outputted from the various sensors.
[0063] If it is judged that the operating range of the
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vehicle 1 does not correspond to the operating range in
which the detection of the deterioration of the three-way
catalyst 13 can be accurately performed (the step S 104:
No), the process is returned and stopped to be in the
standby state. On the other hand, if it is judged that the
operating range of the vehicle 1 corresponds to the op-
erating range in which the detection of the deterioration
of the three-way catalyst 13 can be accurately performed
(the step S104: Yes), the ECU 31 performs the prede-
termined deterioration detection (step S105).
[0064] After ending the predetermined deterioration,
the ECU 31 controls each of the injectors 21 and 23 such
that the fuel supplied to the engine 10 is changed from
the CNG to the liquid fuel (step S106).
[0065] Then, the ECU 31 judges whether or not it is
necessary to perform the detection of the deterioration
of the three-way catalyst 13 in the both fuel (i.e. the CNG
and the liquid fuel) (step S107). Here, whether or not it
is necessary to perform the detection of the deterioration
of the three-way catalyst 13 in the both fuel may be
judged, for example, with reference to a flag indicating
whether or not to be necessary. The flag is set in advance
by a manufacturer or the like, for example, in view of a
regulatory trend of the OBD regulation.
[0066] If it is judged that it is not necessary to perform
the detection of the deterioration of the three-way catalyst
13 in the both fuel (the step S107: No), the process is
returned and stopped to be in the standby state. On the
other hand, if it is judged that it is necessary to perform
the detection of the deterioration of the three-way catalyst
13 in the both fuel (the step S107: Yes), the ECU 31
performs the predetermined deterioration detection (step
S108).
[0067] In the process in the step S101 described
above, if it is judged not to be during the CNG driving (i.e.
the vehicle 1 drives with the liquid fuel as the fuel) (the
step S101: No), the ECU 31 judges whether or not the
operating range of the vehicle 1 corresponds to the op-
erating range in which the detection of the deterioration
of the three-way catalyst 13 can be accurately performed
(step S109).
[0068] If it is judged that the operating range of the
vehicle 1 does not correspond to the operating range in
which the detection of the deterioration of the three-way
catalyst 13 can be accurately performed (the step S109:
No), the process is returned and stopped to be in the
standby state. On the other hand, if it is judged that the
operating range of the vehicle 1 corresponds to the op-
erating range in which the detection of the deterioration
of the three-way catalyst 13 can be accurately performed
(the step S 109: Yes), the ECU 31 judges whether or not
it is necessary to perform the detection of the deteriora-
tion of the three-way catalyst 13 in the both fuel (step S
110).
[0069] If it is judged that it is not necessary to perform
the detection of the deterioration of the three-way catalyst
13 in the both fuel (the step S110: No), the ECU 31 per-
forms the process in a step S112 described later. On the

other hand, if it is judged that it is necessary to perform
the detection of the deterioration of the three-way catalyst
13 in the both fuel (the step S110: Yes), the ECU 31
performs the predetermined deterioration detection (step
S111).
[0070] Then, the ECU 31 controls each of the injectors
21 and 23 such that the fuel supplied to the engine 10 is
changed from the liquid fuel to the CNG (step S 112).
Then, the ECU 31 performs the predetermined deterio-
ration detection (step S113).

<Modified Example>

[0071] Next, a modified example of the vehicle control
apparatus 100 in the embodiment will be explained with
reference to a flowchart in FIG. 4.
[0072] In FIG. 4, the ECU 31 as one portion of the ve-
hicle control apparatus 100 in the modified example judg-
es whether or not a CNG driving time elapses a prede-
termined time or more after the process in the step S103
described above (refer to FIG. 3) (step S201).
[0073] If it is judged that CNG driving time is less than
the predetermined time (the step S201: No), the ECU 31
performs the process in the step S104 described above
(refer to FIG. 3). On the other hand, if it is judged that
CNG driving time elapses the predetermined time or
more (the step S201: Yes), the ECU 31 controls each of
the injectors 21 and 23 such that the fuel supplied to the
engine 10 is changed from the CNG to the liquid fuel
(step S202).
[0074] By virtue of such a configuration, it is possible
to prevent that the CNG is used, for example, more than
intended by a manufacturer or the like, which is extremely
useful in practice.
[0075] The present invention is not limited to the afore-
mentioned embodiments, but various changes may be
made, if desired, without departing from the essence or
spirit of the invention which can be read from the claims
and the entire specification. A vehicle control apparatus,
which involves such changes, is also intended to be with-
in the technical scope of the present invention.

Description of Reference Codes

[0076]

1 hybrid vehicle
10 engine
11 intake passage
12 exhaust passage
13 three-way catalyst
21, 23 injector
22 liquid fuel tank
24 CNG tank
31 ECU
100 vehicle control apparatus
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Claims

1. A vehicle control apparatus mounted on a vehicle
comprising: an engine which can use a first fuel and
a second fuel in which emission is lower than that of
the first fuel; a fuel changing device capable of
changing between the first fuel and the second fuel
and supplying it to the engine; and a catalyst placed
in an exhaust system of the engine, said vehicle con-
trol apparatus comprising:

a catalyst deterioration detecting device capable
of performing detection of deterioration of the
catalyst; and
a controlling device for controlling said catalyst
deterioration detecting device to perform the de-
tection of the deterioration when an operating
range of the vehicle corresponds to an operating
range suitable for the detection of the deteriora-
tion and when the first fuel is supplied to the
engine by the fuel changing device.

2. The vehicle control apparatus according to claim 1,
wherein said controlling device controls the fuel
changing device to supply the first fuel to the engine
and controls said catalyst deterioration detecting de-
vice to perform the detection of the deterioration after
the operating range of the vehicle corresponds to
the operating range suitable for the detection of the
deterioration when the second fuel is supplied to the
engine by the fuel changing device.

3. The vehicle control apparatus according to claim 1,
wherein said controlling device controls the fuel
changing device to keep supplying the first fuel to
the engine even after the operating range of the ve-
hicle corresponds to an operating range in which the
second fuel is to be supplied to the engine, controls
said catalyst deterioration detecting device to per-
form the detection of the deterioration after the op-
erating range of the vehicle corresponds to the op-
erating range suitable for the detection of the dete-
rioration, and controls the fuel changing device to
supply the second fuel to the engine after the detec-
tion of the deterioration is performed by said catalyst
deterioration detecting device.

4. The vehicle control apparatus according to claim 3,
wherein said controlling device controls the fuel
changing device to supply the second fuel to the en-
gine when a time length for supplying the first fuel to
the engine elapses a predetermined time if the fuel
changing device is controlled by said controlling de-
vice to keep supplying the first fuel to the engine
even after the operating range of the vehicle corre-
sponds to the operating range in which the second
fuel is to be supplied to the engine.

5. The vehicle control apparatus according to claim 1,
wherein said controlling device controls, the fuel
changing device to supply the second fuel to the en-
gine and controls said catalyst deterioration detect-
ing device to perform the detection of the deteriora-
tion after the detection of the deterioration is per-
formed by said catalyst deterioration detecting de-
vice.

6. The vehicle control apparatus according to claim 3,
wherein said controlling device controls the fuel
changing device to supply the second fuel to the en-
gine and controls said catalyst deterioration detect-
ing device to perform the detection of the deteriora-
tion after the detection of the deterioration is per-
formed by said catalyst deterioration detecting de-
vice.

7. The vehicle control apparatus according to claim 1,
wherein said controlling device controls said catalyst
deterioration detecting device to perform the detec-
tion of the deterioration, subsequently controls the
fuel changing device to supply the first fuel to the
engine, and controls said catalyst deterioration de-
tecting device to perform the detection of the dete-
rioration, after the operating range of the vehicle cor-
responds to the operating range suitable for the de-
tection of the deterioration when the second fuel is
supplied to the engine by the fuel changing device.

8. The vehicle control apparatus according to claim 1,
wherein the first fuel is gaseous fuel and the second
fuel is liquid fuel.
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