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(54) Control apparatus for a vehicle

(57)  The present invention relates to a control ap-
paratus for a vehicle equipped with an electronic throttle
control unit (drive by wire) as electronic throttle control
means and an automatic transmission, and the object
of the invention is to provide a control apparatus for a
vehicle which is capable of ensuring stable travel even
in the case where a throttle valve is stuck by a failure of
an electronic throttle control unit. In a control apparatus
for a vehicle equipped with electronic throttle control
means (150) for electrically driving a throttle valve (15)

by drive means (154) and an automatic transmission
(170) having a plurality of speed change gear stages,
the control apparatus is provided with sticking judgment
means (70) for judging whether or not the throttle valve
(15) has been stuck, and speed change regulation
means (171A) for inhibiting use of a predetermined gear
stage among the speed change gear stages of the au-
tomatic transmission (170) in the case where the throttle
valve (15) is judged to have been stuck by the sticking
judgment means (70).
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a control apparatus
for a vehicle equipped with an electronic throttle control
unit (also called a drive by wire) and an automatic trans-
mission, and more particularly to a vehicle control ap-
paratus adapted to be employed when the electronic
throttle control unit has failed.

2. Description of Related Art

In engines such as automobile engines, a drive by
wire (hereinafter referred to as a DBW) connecting an
accel pedal and a throttle valve together by an electrical
signal has hitherto been developed. In a DBW such as
this, the accel pedal and the throttle valve are not me-
chanically connected, and based on a variety of param-
eters in addition to an operational quantity of the accel
pedal (accel opening angle), a virtual accel opening an-
gle ("pseudo” accel opening angle) is set by a computer.
In correspondence with this, the throttle valve can be
controlled, and the DBW is also referred to as an elec-
tronic throttle control unit.

Therefore, for example, during idling where the ac-
cel pedal has not been operated (i.e., the accel opening
angle is less than a small predetermined value), idling
engine speed can be controlled, while the throttle valve
is being adjusted finely. Also, in accordance with the
traveling state of the vehicle and the operating state of
the engine, the accel opening angle (driver's operation)
is corrected in order to set a pseudo accel opening an-
gle. With the control of the throttle valve based on this,
engine running with a feeling of smoothness is realiza-
ble.

On the other hand, a spark ignition type in-cylinder
injection internal combustion engine (hereinafter re-
ferred to as an engine), which is an internal combustion
engine igniting sparks by spark plugs (generally, a gaso-
line engine) and injects fuel directly into cylinders, has
been put to practical use in recent years. In such an en-
gine, an enhancement in the engine fuel consumption
performance and an enhancement in the output per-
formance are compatible with each other by making use
of the characteristic that fuel injection timing can be free-
ly performed and also the formed state of an air-fuel mix-
ture can be freely controlled.

In other words, in this spark ignition type in-cylinder
injection engine, fuel is injected on the compression
stroke, and with this, an operation in a state in which
fuel is extremely lean (i.e., a super-lean combustion op-
eration in which an air-fuel ratio is extremely higher than
a stoichiometric air-fuel ratio) can be performed by strat-
ified-charge combustion. The engine is provided with a
super lean operating mode (compression stroke injec-
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tion mode or lean compression operating mode) as the
combustion form and can realize a considerable en-
hancement in the fuel consumption ratio.

Of course, the spark ignition type in-cylinder injec-
tion engine can also perform a premixed combustion op-
eration in which fuel is injected primarily on the intake
stroke. In this case, fuel is injected directly into the com-
bustion chamber (cylinder), whereby the greater part of
fuel injected at each combustion cycle can be burned
with reliability within the combustion cycle. The engine,
therefore, can also enhance the engine output.

A premixed combustion operation such as this can
also set as combustion form a lean operating mode
(lean intake operating mode) which performs operation
in a fuel-leaned state which is not so lean as the super
lean operating mode (i.e., in a state in which an air-fuel
ratio is higher than a stoichiometric air-fuel ratio), a sto-
ichiometric operating mode (stoichiometric feedback
operating mode) which performs feedback control on
the basis of O,-sensor information so that an air-fuel ra-
tio reaches a stoichiometric air-fuel ratio, and an en-
riched operating mode (open-loop operating mode)
which performs operation in a fuel-enriched state (i.e.,
in a state in which an air-fuel ratio is lower than a stoi-
chiometric air-fuel ratio).

In general, if a requested output to the engine is
small, i.e., if the revolution speed of the engine is low
and also the engine load is low, the lean compression
operating mode will be selected in order to enhance fuel
consumption. As the engine revolution speed and the
engine load increase further, the lean intake operating
mode, the stoichiometric operating mode, and the en-
riched operating mode are selected in the recited order.

Inthe case of the supper lean combustion operating
mode (lean compression operating mode), incidentally,
there is a need to supply more air to the combustion
chamber in order to make an air-fuel ratio high. Howev-
er, in this lean compression operating mode, since op-
eration is performed in an area where engine load is low,
i.e., in an area where the stepping-on quantity of the ac-
cel pedal (accel opening angle) is small, the opening an-
gle of the throttle valve corresponding to the accel open-
ing angle cannot satisfy a required air-fuel ratio.

Hence, a technique where an electronically control-
led valve (air bypass valve) is arranged in an air bypass
passage bypassing an intake-air passage equipped
with the throttle valve has been developed. In this tech-
nique, when intake air is insufficient at the opening angle
of the throttle valve corresponding to the accel opening
angle, the air bypass valve is opened in correspondence
with a required air volume, thereby performing air sup-
ply.

Incidentally, applying the aforementioned DBW to
the above-mentioned spark ignition type in-cylinder in-
jection engine is also considered. In other words, in the
DBW, since the opening angle of the throttle valve can
be controlled without corresponding to the accel open-
ing angle, more air than a quantity corresponding to the
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accel opening angle can be supplied to the combustion
chamber. Therefore, for example, in the lean compres-
sion operating mode of the spark ignition type in-cylinder
injection engine, even if the accel opening angle is
small, a necessary quantity of air can be supplied to the
combustion chamber.

However, inthe case where such a DBW is adopted,
it is desirable to prepare a counter plan against an un-
likely failure of the DBW as well.

As failure causes of this DBW, it is considered that
the throttle valve which is controlled by the DBW is stuck
by catching foreign material, such as dust, contained in
blow-by gas or exhaust gas recirculated by an exhaust
gas recirculation (EGR) system, etc.

For example, if the throttle valve is stuck in a nearly
fully opened state, the opening angle of the throttle valve
cannot be controlled by the DBW. Consequently, even
in the case where the driver does not request engine
output, i.e., even in the case where the stepping-on
quantity of the accel pedal is small, the engine output
torque is not reduced. For this reason, in this case, if a
low speed gear stage is selected, the vehicle driving
torque will not be reduced and therefore engine output
against the driver's intention will be produced, resulting
in a problem that stable travel cannot be ensured.

In such a case, if a high speed gear stage is select-
ed, the vehicle driving torque will be considerably re-
duced and therefore the engine output will be insufficient
when the vehicle is started. Likewise, there is a problem
that stable travel cannot be ensured.

On the other hand, if the throttle valve is stuck in a
nearly fully closed state, the opening angle of the throttle
valve cannot be controlled by the DBW. Consequently,
even in the case where the driver is requesting engine
output, i.e., even in the case where the stepping-on
quantity of the accel pedal is great, the engine output
torque is not raised. For this reason, in this case, if a
high speed gear stage is selected, the vehicle driving
torque will be considerably reduced and therefore there
will be a problem that stable travel corresponding to the
driver's request cannot be ensured.

In Japanese Laid-Open Patent Publication No. HEI
2-195070, there is disclosed a technique which controls
the speed change stages of an automatic transmission
in the case where the operaling state of a throttle valve
is judged to be abnormal.

However, this technique is one which adjusts the
speed change stage of the automatic transmission to a
predetermined speed change stage corresponding to
either vehicle speed or engine revolution speed in the
case where the operating state of a throttle valve is
judged to be abnormal, and no consideration has been
given to the failure state of the throttle valve.

Japanese Laid-Open Patent Publication No, HEI
6-249332 discloses a technique which controls the po-
sition of the speed change gear stage of the automatic
transmission in consideration of the failure state of the
throttle valve. In this technique, in order to obtain suffi-
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cient driving force when the throttle control unit is in a
state which cannot open the throttle valve, the highest
stage position of an allowed speed change gear stage
is decided based on the acceleration intention of the
driver, and from among speed change gear stage posi-
tions equal to or less than this highest stage position of
the speed change gear, a speed change gear stage po-
sition is selected so that the maximum driving force is
obtained. However, this technique has taken neither an
enhancement in safety nor an ensurance of stable travel
into consideration.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-mentioned problems. An object of the present in-
vention is to provide a control apparatus for a vehicle
which is capable of ensuring stable travel even in the
case where a throttle valve is stuck by a failure of an
electronic throttle control unit as electronic throttle con-
trol means.

To achieve this end, in a control apparatus for a ve-
hicle equipped with electronic throttle control means for
electrically driving a throttle valve by drive means and
an automatic transmission having a plurality of speed
change gear stages, the vehicle control apparatus ac-
cording to the present invention comprises: sticking
judgment means for judging whether or not the throttle
valve has been stuck; and speed change regulation
means for inhibiting use of a predetermined gear stage
among the speed change gear stages of the automatic
transmission in the case where the throttle valve is
judged to have been stuck by the sticking judgment
means.

With this constitution, even in the case where the
throttle valve is stuck, there is an advantage that stable
travel corresponding to a driver's request can be en-
sured.

In this case it is preferable that the speed change
regulation means be constituted so as to inhibit use of
a low speed side gear stage among the speed change
gear stages of the automatic transmission in the case
where the throtile valve is judged to have been stuck by
the sticking judgment means.

Also, preferably the low speed side gear stage in-
cludes at least the lowest speed change gear stage
among the speed change gear stages and is constituted
by a plurality of gear stages from the lowest speed
change gear stage to a predetermined gear stage fo-
ward a high speed side.

Also, it is preferable that the speed change regula-
tion means be constituted so as to inhibit the use of the
low speed side gear stage among the speed change
gear stages of the automatic transmission in the case
where the throttle valve is judged to have been stuck at
an opening angle position equal to or greater than a first
predetermined opening angle by the sticking judgment
means.
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With this constitution, a vehicle driving torque is re-
duced. Therefore, even in the case where the throttle
valve is stuck, there is an advantage that stable travel
corresponding to a driver's request can be ensured.

Also, it is preferable that the speed change regula-
tion means be constituted so as to inhibit the use of the
low speed side gear stage among the speed change
gear stages of the automatic transmission in the case
where the throttle valve is judged to have been stuck at
an opening angle position less than a predetermined
opening angle by the sticking judgment means.

Also, it is preferable that the speed change regula-
tion means be constituted so as to inhibit the use of the
low speed side gear stage among the speed change
gear stages of the automatic transmission in the case
where the throttle valve is judged to have been stuck at
an opening angle position equal to or less than a second
predetermined opening angle smaller than the first pre-
determined opening angle by the sticking judgment
means.

With this constitution, a rise in a vehicle driving
torque is prevented. Therefore, even in the case where
the throttle valve is stuck, there is an advantage that sta-
ble travel corresponding to a driver's request can be en-
sured,

Also, preferably the speed change regulation
means is constituted so that it inhibits use of a high
speed side gear stage among the speed change gear
stages of the automatic transmission in the case where
the throttle valve is judged to have been stuck by the
sticking judgment means.

In this case, preferably the high speed side gear
stage includes at least the highest speed change gear
stage among the speed change gear stages and is con-
stituted by a plurality of gear stages from the highest
speed change gear stage to a predetermined gear stage
toward a low speed side.

Also, it is preferable that the speed change regula-
tion means be constituted so as to inhibit the use of the
high speed side gear stage among the speed change
gear stages of the automatic transmission in the case
where the throttle valve is judged to have been stuck at
an opening angle position equal to or greater than a first
predetermined opening angle by the sticking judgment
means.

With this constitution, a considerable reduction in a
vehicle driving torque is prevented. Therefore, even in
the case where the throttle valve is stuck, there is an
advantage that stable travel corresponding to a driver's
request can be ensured.

Also, it is preferable that the speed change regula-
tion means be constituted so as to inhibit the use of the
high speed side gear stage among the speed change
gear stages of the autornatic transmission in the case
where the throttle valve is judged to have been stuck at
an opening angle position less than a predetermined
opening angle by the sticking judgment means.

Also, it is preferable that the speed change regula-
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tion means be constituted so as to inhibit the use of the
high speed side gear stage among the speed change
gear stages of the automatic transmission in the case
where the throttle valve is judged to have been stuck at
an opening angle position equal to or less than a second
predetermined opening angle smaller than the first pre-
determined opening angle by the sticking judgment
means.

With this constitution, a vehicle driving torque is
raised. Therefore, even in the case where the throttle
valve is stuck, there is an advantage that stable travel
corresponding to a driver's request can be ensured.

The control apparatus for a vehicle according to the
present invention may further comprise: automatic
transmission control means switchable to both an auto-
matic speed change mode which changes each speed
change gear stage of the automatic transmission auto-
matically and a manual speed change mode which se-
lects each speed change gear stage of the automatic
transmission manually; wherein the speed change reg-
ulation means inhibits the use of the low speed side gear
stage in the case where the automatic transmission con-
trol means is in the automatic speed change mode and
wherein the speed change regulation means also
changes a range of the low speed side gear stage to-
ward the low speed side by at least one stage and in-
hibits use of the changed low speed side gear stage, in
the case where the automatic transmission control
means is in the manual speed change mode.

With this constitution, the automatic transmission
control means can allow the selection of more speed
change gear stages when having a manual speed
change mode, so there are advantages that a speed
change gear stage can be selected by driver's speed
change intention, more stable travel can be ensured,
and particularly, traveling performance during limp
home can be stabilized.

Also, the control apparatus for a vehicle according
to the present invention may further comprise: automat-
ic transmission control means switchable to both an au-
tomatic speed change mode which changes each speed
change gear stage of the automatic transmission auto-
matically and a manual speed change mode which se-
lects each speed change gear stage of the automatic
transmission manually; wherein the speed change reg-
ulation means inhibits the use of the high speed side
gear stage in the case where the automatic transmission
control means is in the automatic speed change mode
and wherein the speed change regulation means also
changes a range of the high speed side gear stage to-
ward the high speed side by at least one stage and in-
hibits use of the changed high speed side gear stage,
in the case where the automatic transmission control
means is in the manual speed change mode.

With this constitution, the automatic transmission
control means can allow the selection of more speed
change gear stages when having a manual speed
change mode, so there are advantages that a speed
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change gear stage can be selected by driver's speed
change intention, more stable travel can be ensured,
and particularly, traveling performance during limp
home can be stabilized.

Also, in a control apparatus for a vehicle equipped
with electronic throttle control means for electrically driv-
ing a throttle valve by drive means and an automatic
transmission having a plurality of speed change gear
stages, the vehicle control apparatus according to the
present invention comprises: sticking judgment means
for judging whether or not the throttle valve has been
stuck; and speed change regulation means for selecting
an intermediate speed gear stage among the speed
change gear stages of the automatic transmission in the
case where the throttle valve is judged to have been
stuck by the sticking judgment means.

With this constitution, a considerable reduction in a
vehicle driving torque is prevented while reducing the
vehicle driving torque. Therefore, even in the case
where the throttle valve is stuck, there is an advantage
that stable travel corresponding to a driver's request can
be ensured.

In this case it is preferable that the intermediate
speed gear stage be constituted by the gear stages be-
fween a low speed side gear stage and a high speed
side gear stage. The low speed side gear stage includes
at least the lowest speed change gear stage among the
speed change gear stages and is constituted by a plu-
rality of gear stages from the lowest speed change gear
stage to a predetermined gear stage toward a high
speed side. The high speed side gear stage includes at
least the highest speed change gear stage among the
speed change gear stages and is constituted by a plu-
rality of gear stages from the highest speed change gear
stage to a predetermined gear stage toward a low speed
side.

Also, it is preferable that the speed change regula-
tion means be constituted so as to select the intermedi-
ate speed gear stage among the speed change gear
stages of the automatic transmission in the case where
the throttle valve is judged to have been stuck at an
opening angle position equal to or greater than a first
predetermined opening angle by the sticking judgment
means.

Also, it is preferable that the speed change regula-
tion means be constituted so as to select the intermedi-
ate speed gear stage among the speed change gear
stages of the automatic transmission in the case where
the throttle valve is judged to have been stuck at an
opening angle position less than a predetermined open-
ing angle by the sticking judgment means.

Also, it is preferable that the speed change regula-
tion means be constituted so as to select the intermedi-
ate speed gear stage among the speed change gear
stages of the automatic transmission in the case where
the throttle valve is judged to have been stuck at an
opening angle position equal to or less than a second
predetermined opening angle smaller than the first pre-
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determined opening angle by the sticking judgment
means.

Also, the control apparatus for a vehicle according
to the present invention may further comprise: automat-
ic transmission control means switchable to both an au-
tomatic speed change mode which changes each speed
change gear stage of the automatic transmission auto-
matically and a manual speed change mode which se-
lects each speed change gear stage of the automatic
transmission manually; wherein the speed change reg-
ulation means selects the intermediate speed gear
stage in the case where the automatic transmission con-
trol means is in the automatic speed change mode and
wherein the speed change regulation means also
changes a range of the intermediate speed gear stage
toward the high speed side by at least one stage and
selects the changed intermediate speed gear stage, in
the case where the automatic transmission control
means is in the manual speed change mode.

With this constitution, the automatic transmission
control means can allow the selection of more speed
change gear stages when having a manual speed
change mode, so there are advantages that a speed
change gear stage can be selected by driver's speed
change intention, more stable travel can be ensured,
and particularly, traveling performance during limp
home can be stabilized.

Also, the control apparatus for a vehicle according
to the present invention may further comprise: automat-
ic transmission control means switchable to both an au-
tomatic speed change mode which changes each speed
change gear stage of the automatic transmission auto-
matically and a manual speed change mode which se-
lects each speed change gear stage of the automatic
transmission manually; wherein the speed change reg-
ulation means selects the intermediate speed gear
stage in the case where the automatic transmission con-
trol means is in the automatic speed change mode and
wherein the speed change regulation means also
changes a range of the intermediate speed gear stage
toward the low speed side by at least one stage and se-
lects the changed intermediate speed gear stage, in the
case where the automatic transmission control means
is in the manual speed change mode.

With this constitution, the automatic transmission
control means can allow the selection of more speed
change gear stages when having a manual speed
change mode, so there are advantages that a speed
change gear stage can be selected by driver's speed
change intention, more stable travel can be ensured,
and particularly, traveling performance during limp
home can be stabilized.

Also, the control apparatus for a vehicle according
to the present invention may further comprise: automat-
ic transmission control means switchable to both an au-
tomatic speed change mode which changes each speed
change gear stage of the automatic transmission auto-
matically and a manual speed change mode which se-
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lects each speed change gear stage of the automatic
transmission manually; wherein the speed change reg-
ulation means selects the intermediate speed gear
stage in the case where the automatic transmission con-
trol means is in the automatic speed change mode and
wherein the speed change regulation means also
changes a range of the intermediate speed gear stage
toward the low speed side and/or the high speed side
by at least one stage and selects the changed interme-
diate speed gear stage, in the case where the automatic
transmission control means is in the manual speed
change mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in further
detail with reference to the accompanying drawings
wherein:

FIG. 1 is a schematic constitution diagram showing
the essential parts of a control apparatus for a ve-
hicle according to an embodiment of the present in-
vention;

FIG. 2 is a block diagram showing the vehicle con-
trol apparatus according to the embodiment of the
present invention;

FIG. 3 is a block diagram showing the intake control
system of the internal combustion engine provided
in a vehicle according to the embodiment of the
present invention;

FIG. 4 is a flowchart showing the failure counter
plan process of the intake control system of the in-
ternal combustion engine provided in a vehicle ac-
cording to the embodiment of the present invention;
FIG. 5 is a flowchart showing a limp home process
inthe failure counter plan process of the intake con-
trol system of the internal combustion engine pro-
vided in a vehicle according to the embodiment of
the present invention; and

FIG. 6 is a schematic diagram for describing the au-
tomatic speed change mode and manual speed
change mode of the automatic transmission of a ve-
hicle according to the embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

If a description will hereinafter be made of an em-
bodiment of the present invention, Figs. 1 through 6
show a control apparatus for a vehicle as an embodi-
ment of the present invention, and the embodiment will
be described based on these figures.

Since the control apparatus for a vehicle according
to this embodiment is provided in a vehicle equipped
with a spark-ignition type in-cylinder injection internal
combustion engine (hereinafter also called an in-cylin-
der injection internal engine), a description will first be
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made of the constitution of the in-cylinder injection in-
ternal combustion engine in reference to Fig. 2.

In Fig. 2, 1 is an engine main body. 2 an intake pas-
sage, 3 a throttle valve installation portion, and 4 an air
cleaner. The intake passage 2 is constituted by an intake
pipe 7, a throttle body 5, a surge tank 8, and an intake
manifold 9, connected in this order from the upstream
side.

The throttle body 5 is equipped with an electronical-
ly controlled throttle value (intake air volume regulation
means) 15. An opening angle of the electronically con-
trolled throttle value 15 is controlled through a throttle
control computer (throttle controller, also called an ETV)
160 to be described later. A target opening angle of the
throttle valve (target throttle opening angle) is set ac-
cording to a stepping-on quantity of an accel pedal 50
(accel opening angle) detected with an accel position
sensor (APS1) 51A and an operating state of the engine
by an engine control computer (ECU) 16 to be described
later.

The electronically controlled throttle value 15, the
ECU 186, and the throttle controller 160 constitute an
electronic throttle control unit (i.e., a drive by wire
(DBW)) 150 which serves as electronic throttle control
means (see Fig. 1).

Also, a limp home valve (LHV) 12 is arranged par-
allel with the electronically controlled throttle value 15.
This LHV 12 supplies air so that combustion of the en-
gine is established when the electronically controlled
throttle valve 15 has failed (when closed-valve failure
has occurred). This failure will be described later. The
LHV 12 is constituted by a bypass passage 13 provided
on the upstream side of the surge tank 8 so that it by-
passes the electronically controlled throttle value 15,
and an LHV main body 14 arranged in this bypass pas-
sage 13. The LHV main body 14 is driven with a linear
solenoid (not shown) which is controlled by the engine
control computer (ECU) 16 to be described later.

Also, 17 is an exhaust passage and 18 a combus-
tion chamber. The opening of the intake passage 2 to
the combustion chamber 18 and the opening of the ex-
haust passage 17 to the combustion chamber 18, i.e.,
an intake port 2A and an exhaust port 17A are provided
with an intake valve 19 and an exhaust valve 20, respec-
tively. Furthermore, 21 is a fuel injection valve (injector).
In this embodiment, the injector 21 is arranged so as to
inject fuel directly into the combustion chamber 18.

In addition, 22 is a fuel tank. 23A through 23E fuel
supply paths, 24 a low-pressure fuel pump, 25 a high-
pressure fuel pump, 26 a low-pressure regulator, 27 a
high-pressure regulator, and 28 a delivery pipe. Fuel
within the fuel tank 22 is supplied by the low-pressure
fuel pump 24. Furthermore, the fuel is pressurized with
the high-pressure fuel pump 25 and supplied in a pre-
determined high-pressure state to the injector 21
through the fuel supply paths 23A and 23B and the de-
livery pipe 28. At this time, the fuel pressure discharged
from the low-pressure fuel pump 24 is regulated with the
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low-pressure regulator 26. The fuel pressure, pressu-
rized with the high-pressure fuel pump 25 and guided to
the delivery pipe 28, is regulated with the high-pressure
regulator 27.

Additionally, 29 is an exhaust gas recirculation pas-
sage (EGR passage) which recirculates a portion of the
exhaust gas into the intake passage 2. 30 is an EGR
valve (exhaust gas volume regulation means), which
regulates the recirculation volume of the exhaust gas
that is recirculated into the intake passage 2 through the
EGR passage 29. 32 is a passage for restoring blow-by
gas, 33 a valve for positively ventilating the crank cham-
ber, 34 a canister, and 35 a catalyzer for purifying ex-
haust gas (here, catalytic converter rhodium (CCRO)).

Incidentally, as shown in Fig. 2, the ECU 16 per-
forms the control of the LHV 12 in accordance with an
operating state or failed state of the engine in addition
to the drive control of the injector 21, the drive control
of the spark wire coils (not shown) which operate spark
plugs, the opening angle control of the EGR valve, and
the combustion pressure control by the high-pressure
regulator 27. The throttle controller 160 also performs
the opening and closing control of the electronically con-
trolled throttle valve 15 in accordance with the accel in-
struction of the driver or an operating state or failed state
of the engine.

Hence, as shown in Fig. 2, to the ECU 16 detection
signals are transmitted from a first accel position sensor
(APS1) 51A, an air flow sensor (not shown), an intake-
air temperature sensor 36, a throttle position sensor
(TPS2) 37B for detecting a throttle opening angle, an
idle switch 38, a boost sensor (not shown), an air-con
switch (not shown), a shift position sensor (not shown),
a wheel speed sensor (not shown), a power steering
wheel switch (not shown) for detecting an operating
state of a power steering wheel, a starter switch (not
shown), a first-cylinder sensor 40, a crank angle sensor
41, a water temperature sensor 42 for detecting temper-
ature of engine cooling water, an O, sensor 43 for de-
tecting oxygen concentration in exhaust gas, etc. Note
that since the revolution speed of the engine can be
computed based on the crank angle sensor 41, the
crank angle sensor 41 is also called an engine revolution
speed sensor for convenience sake.

In addition, as shown in Fig. 2, to the throttle con-
troller 160 detection signals are transmitted from an ac-
cel position sensor (APS2) 51B, a throttle position sen-
sor (TPS1) 37A, elc.

The ECU 16 and the throttle controller 160 are con-
stituted so that information can be exchanged therebe-
tween by communication.

Furthermore, this engine is provided with an auto-
matic transmission (AT) 170 and an automatic transmis-
sion controller (AT controller) 171 as automatic trans-
mission control means for controlling the automatic
transmission 170. Similarly, the ECU 16 and the AT con-
troller 171 are constituted so that information can be ex-
changed therebetween by communication.
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This AT 170 is constituted as a five speed automatic
transmission equipped with a plurality of speed change
gear stages from 1st speed to 5th speed. In this embod-
iment, the 1st speed gear stage and 2nd speed gear
stage are referred to as a low speed gear stage. The
3rd speed gear stage is referred to as an intermediate
speed gear stage. The 4th speed gear stage and 5th
speed gear stage are referred to as a high speed gear
stage.

The AT controller 171 is equipped with an automatic
speed change mode which automatically selects an op-
timum speed change gear stage from among the speed
change gear stages of the AT 170 and a manual speed
change mode (sport mode) which can select a speed
change gear stage by the operation of a shift lever (not
shown). The switch between the automatic speed
change mode and the manual speed change mode is
performed with the shift lever (not shown) by driver's op-
eration.

The shift pattern is formed as shown in Fig. 6. In the
figure, if the driver sets the shift lever (not shown) at the
position of a D range (drive range) indicated by "D", the
automatic speed change mode will be set. If the driver
moves the shift lever (not shown) to the UP or DOWN
range side indicated by "UP" and "DOWN", the AT con-
troller 171 will be switched to the manual speed change
mode. In the figure, P denotes a parking range (P
range), N a neutral range (N range), and R a reverse
range (R range).

The automatic speed change mode used herein
changes each speed change gear stage of the automat-
ic transmission automatically, and can automatically
perform speed change control corresponding to vehicle
speed and an accel opening angle on the basis of infor-
mation from various sensors. The manual speed
change mode allows the selection of a speed change
gear stage in accordance with the speed change inten-
tion of the driver, whereby speed change control can be
performed.

This engine is also equipped with an automatic
cruise function, and according to input information rele-
vant to automatic cruising, the throttle opening angle
control by the throttle controller 160 is performed.

Such an engine, incidentally, has as operating
modes a late lean combustion operating mode (com-
pression stroke injection mode), an early lean combus-
tion operating mode, a stoichiometric feedback operat-
ing mode, and an open-loop combustion operating
mode. Any of these modes is selected according to an
operating state of the engine (i.e., engine revolution
speed and engine load) or a traveling state of the vehi-
cle.

Among these modes, the late lean combustion op-
erating mode is a mode in which fuel injection is per-
formed in a stage extremely near ignition timing as in
the latter period of the compression stroke and also
stratified-charge combustion is performed by collecting
fuel near the spark plug in such a manner that the air-
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fuel ratio is partially rich and lean as a whole. The late
leans combustion operating mode is also a super-lean
combustion mode in which economical operation can be
performed ensuring ignitability and combustion stability.
Although this embodiment sets the total air-fuel ratio to
an area of about 24 or higher and can realize the leanest
combustion, the total air-fuel ratio may be set to a lower
area than this embodiment (e.g.. a range in which the
total air-fuel ratio is about 23 or higher) or may be set to
a higher area than this embodiment.

Although the early lean combustion operating mode
is also a lean combustion mode, this mode performs fuel
injection (primarily on the intake stroke) before the late
lean combustion operating mode. The early lean com-
bustion operating mode is a mode in which economical
operation is performed by premixing air and fuel so that
ignitability and combustion stability are ensured and al-
so a certain degree of output is obtained, while causing
the air-fuel ratio to be leaner as a whole than a stoichi-
ometric air-fuel ratio. The area of the early lean combus-
tion operating mode here is set to an area where the
total air-fuel ratio is between a stoichiometric air-fuel ra-
tio and about 24.

Also, the stoichiometric feedback combustion oper-
ating mode is made on the basis of the output of the O,
sensor so that sufficient engine output is efficiently ob-
tained, while the air-fuel ratio is being maintained in a
stoichiometric state. In this mode the premixed combus-
tion based on the fuel injection on the intake stroke is
performed.

In addition, in the open-loop combustion operating
mode, combustion is performed at a stoichiometric or
rich air-fuel ratio by open-loop control so that sufficient
output is obtained when the vehicle is accelerated or
started. In this mode the premixed combustion based
on the fuel injection on the intake stroke is performed.

Each operating mode such as this is selected ac-
cording to engine revolution speed and engine load by
the ECU 16 to be described later. In a low revolution and
low load state, the late lean combustion operating mode
is usually selected. If engine revolution speed or engine
load increases, the operating mode will be switched to
the early lean combustion operating mode and the sto-
ichiometric combustion operating mode in this order. If
engine revolution speed or engine load increases fur-
ther, the operating mode will be switched to the open-
loop mode (enriched combustion operating mode).

The ECU 16 selects the operating modes in this
manner and then performs various controls. However,
in the late lean combustion operating mode, in which
fuel is injected on the compression stroke and also the
air-fuel ratio is extremely high, if attention is paid to throt-
tle value control, air will insufficient at the opening angle
of the throttle value corresponding to the opening angle
of the accel pedal in order to achieve a target air-fuel
ratio. Therefore, a target opening angle ("pseudo’-tar-
get opening angle) considerably greater than the throttle
valve opening angle corresponding to the accel opening
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angle is set, and based on this, the opening angle con-
trol of the throttle value is performed. Also, even in the
stoichiometric feedback combustion operaling mode
and the open-loop combustion operating mode, there
are cases where air becomes insufficient at the throttle
value opening angle corresponding to the accel opening
angle. In this case a target opening angle (pseudo-tar-
get opening angle) suitably greater than the throttle
valve opening angle corresponding to the accel opening
angle is set, and based on this, the opening angle con-
trol of the throltle valve is performed.

Now, if a description is made giving attention to both
the electronic throttle control unit (DBW) 150 and the
control system of the LHV 12 (i.e., limp home valve con-
trol unit) 120 relevant to the control apparatus of the
present invention, these control systems are constituted
as shown in Fig. 1.

In other words, the electronically controlled throttle
valve 15 constituting the DBW 150 is provided with a
butterfly valve 151 arranged in the intake-air passage
5A within the throttle body 5, a return spring 153 ar-
ranged so as to surround a shaft 152 supporting the but-
terfly valve 151 in order to give closing and urging force
to the butterfly valve 151, an electric motor (throttle ac-
tuator) 154 as drive means for electrically rotating the
shaft 152, and a gear mechanism 155 interposed be-
tween the actuator 154 and the shaft 152.

The shaft 152 is provided with a throttle position
sensor 37 for detecting an opening angle of the butterfly
valve 151 (throttle valve opening angle). The throttle po-
sition sensor 37 consists of a first throttle position sensor
(TPS1) 37A and a second throttle position sensor
(TPS2) 37B. Thus, the apparatus of the present inven-
tion is provided with two throttle position sensors (TPS1
and TPS2) 37A and 37B. The two throttle positions sen-
sors 37A and 37B are provided in case of failure.

The DBW 150 is constituted by the electrically con-
trolled throttle valve 15, the ECU 16 for setting a target
openingangle of this electrically controlled throttle valve
15, and the throttle controller 160 for controlling opera-
tion of the actuator 154 on the basis of the target opening
angle set by the ECU 16 and adjusting an opening angle
of the throttle valve.

For this reason, as shown in Fig. 1, the ECU 16 is
provided with a target opening angle setting section
16A, and the throttle controller 160 is provided with a
throttle opening angle feedback control section 160A.

Fig. 3 shows a control block diagram paying atten-
tion to throttle control. As shown in the figure, the target
opening angle setting section 16A of the ECU 16 is pro-
vided with a first function 16a of setting a target engine
torque from both the detection information from the first
accel position sensor (APS1) 51A and the engine revo-
lution speed obtained from the detection result of the
crank angle sensor 41 (see Fig. 2), a second function
16b of making an intake-air temperature correction and
an atmospheric pressure correction on the settarget en-
gine torgue, a third function 16¢ of making corrections
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relevant to the air conditioner and electrical load, and a
fourth function 16d of setting a target throltle opening
angle from the corrected target engine torgue and the
engine revolution speed.

The target opening angle setting section 16A is fur-
ther provided with a fifth function 16e of setting a dash
pot control opening angle on the basis of the detection
information from the second throitle position sensor
(TPS2) 378, a sixth function 16f of setting an idle speed
control opening angle in accordance with the engine
cooling water temperature information detected by the
water temperature sensor (WTS), and a seventh func-
tion 16g of selecting the maximum value from among
the setopening angles. The target opening angle setting
section 16A outputs the selected maximum set opening
angle to the throttle controller 160 as the target opening
angle of the throttle valve.

The throttle opening angle feedback control section
160A of the throttle controller 160 decides a motor driv-
ing current in accordance with the throttle valve target
opening angle output from the ECU 16 and controls driv-
ing of the actuator (also called a throttle control servo
motor) 154. At this time, in the throttle controller 160,
the feedback control of the throttle valve is performed
according to the opening angle (actual opening angle)
of the throttle valve detected with the first throttle posi-
tion sensor (TPS1) 37A.

Incidentally, in this apparatus, as shown in Fig. 1,
as with the case of the throltle position sensors (TPS1
and TPS2) 37A and 378, the accel position sensor 51
also consists of two accel position sensors, a first accel
position sensor (APS1) 51A and a second accel position
sensor (APS2) 51B. The two accel position sensors are
also provided in case of failure.

For this reason, the signal detected by the first accel
position sensor (APS1) 51A is input to the ECU 16 and
employed in the setting of the throftle valve target open-
ing angle. The signal detected by the second accel po-
sition sensor (APS2) 51Bis input o the throttle controller
160. If the first accel position sensor 51A fails, the de-
tection signal of the second accel position sensor 518
will be transmitted from the throttle controller 160 to the
ECU 16 by communication and employed in the setting
of the throttle valve target opening angle.

Similarly, for the throttle position sensor 37, the sig-
nal detected by the first throttle position sensor (TPS1)
37A is input to the throttle controller 160 and employed
in the feedback control of the throttle valve 15. The sig-
nal detected by the second throltle position sensor
(TPS2) 37B is input to the ECU 16 and employed in the
aforementioned dash pot control, If the first throttle po-
sition sensor 37A fails. the detection signal of the sec-
ond throttle position sensor 378 will be transmitted from
the ECU 16 to the throttle controller 160 by communi-
cationand employed in the feedback control of the throt-
tle valve.

On the other hand, the limp home valve 12 is con-
stituted by the bypass passage 13 arranged parallel with
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the intake passage 5A within the throttle body 5 (i.e, be-
tween the upstream and downsiream sides of the but-
terfly valve 151 of the electronically controlled throttle
valve 15), the LHV main body 14 arranged in the bypass
passage 13, a linear solenoid (not shown) for opening
and closing the LHV main body 14, and the ECU 16 for
controlling operation of the linear solenoid. The control
system (limp home valve control unit) 120 is constituted
by the linear solenoid and ECU 16.

The limp home valve unit 12 is provided in order to
cope with an unlikely failure of the DBW 150. But, in this
apparatus, the ECU 16 and the throttle controller 160
perform a variety of failure judgments as a counter plan
against such a failure of the DBW 150. For various fail-
ure judgments, the respective corresponding processes
are performed, for example, with the employment of the
limp home valve unit 12.

As shown in Fig. 1. in order to utilize the various
failure judgments in the failure corresponding process-
es, a power source relay 62 is arranged in a power sup-
ply circuit from a battery 61 to the throttle controller 160
and is turned on or off by the ECU 16.

Now, a description will be made of the failure judg-
ment processes.

A. Position feedback failure

First, a description will be made of the judgment
process of the failure (position feedback failure) that the
opening angle (position) of the electronically controlled
throttle valve 15 cannot be adjusted as instructed.

For the position feedback failure, there is (1) valve
system sticking failure (including fully closed sticking)
and (2) motor output open failure. When a position feed-
back failure signal is received, failure is judged.

This failure judgment is performed when all premise
conditions for the failure judgment are established. For
example, the premise conditions are (1) the ignition
switch is on, (2) the relay motor is on, or communication
abnormality from the ECU 16 to the throttle controller
160 has occurred, (3) the battery voltage Vb is equal to
or greater than a predetermined value, and (4) no com-
munication abnormality from the throttle controller 160
to the ECU 16 has occurred.

One position feedback failure is the sticking of the
electronically controlled throttle value 15. In this case
the opening angle of the stuck electronically controlled
throttle valve 15 can be detected with the first throttle
position sensor (TPS1) 37A. Therefore, from this open-
ing angle information, when the throttle valve 15 has
been stuck at an opening angle equal to or greater than
a first predetermined opening angle (opened-valve
sticking), an open sticking corresponding process
(opened-valve sticking failure process) is performed,
and when the throttle valve 15 has been stuck at an
opening angle equal to or less than a second predeter-
mined opening angle (closed-valve sticking), a closed
sticking corresponding process (closed-valve sticking
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failure process) is performed.
B. Motor failure

In failures of the motor, there is (1) a motor ground
fault and (2) a motor overcurrent fault (overcurrent de-
tection). When a ground or overcurrent failure signal of
the motor output is received, failure is judged. This fail-
ure judgment is performed when all premise conditions
for the failure judgment are established. The premise
conditions are (1) the motor relay is on and (2) no com-
munication abnormality from the throttle controller 160
tothe ECU 16 has occurred. When there is motor failure
such as this. a limp home mode process to be described
later is performed.

C. TPS failure

The throttle position sensor 37 consists of two sen-
sors, firstand second throttle positions sensors 37A and
37B, and for the failure of the first throttle position sensor
(TPS1) 37A that is employed in the feedback control by
the throttle controller 160, there is (1) failure due to a
broken connection or short circuit in the current circuit
and (2) a linearity defect. For the failure of the second
throttle position sensor (TPS2) 37B, there is (3) charac-
teristic abnormality and (4) failure due to a broken con-
nection or short circuit in the current circuit. When the
respective failure signals are received, failure is judged.

This failure judgment is performed when all premise
conditions for the failure judgment are established. The
premise conditions are (1) the ignition switch is on and
(2) no communication abnormality from the throttle con-
troller 160 to the ECU 16 has occurred.

When the first throttle position sensor (TPS1) 37A
has failed, a process of limiting the operating area of the
engine is performed, because the failure interferes with
the feedback control of the throttle valve. Also, at the
time of the failure of the first throttle position sensor
(TPS1) 37A, if the second throttle position sensor
(TPS2) 37B has already failed or if there is communica-
tion abnormality to be described later (communication
abnormality from the ECU 16 to the throttle controller
160), a limp home process will be performed.

D. Communication failure

Communication is performed between the ECU 16
and the throttle controller 160, and in communication
failure, there is communication abnormality from the
ECU 16 to the throttle controller 160 and communication
abnormality from the throttle controller 180 to the ECU
16.

For the communication abnormality from the ECU
16 to the throttle controller 160, when the throttle con-
troller 160 receives a communication failure signal from
the ECU 16, failure is judged.

This failure judgment is performed when all premise
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conditions for the failure judgment are established. The
premise conditions are (1) the battery voltage Vb is
equal to or greater than a predetermined value and (2)
no communication abnormality from the throttle control-
ler 160 to the ECU 16 has occurred.

When this communication failure has occurred, the
following processes are performed, because the throttle
controller 160 cannot fetch the target opening angle set
by the ECU 16 and therefore there is a high possibility
that the intake air volume control cannot be appropriate-
ly performed.

(1) Lean operation inhibiting process

(2) Cruise control inhibiting process

(3) Fuel cutting process during the high revolution
(e.g., Ne = 3000 rpm) of the engine

Forthe communication abnormality from the throttle
controller 160 to the ECU 16, when any of the following
conditions is established, failure is judged.

(1) There is a check sum error.

(2) There is an overrun framing error.

(3) There is incomplete communication for a prede-
termined time (e.g., for 25 msec).

This failure judgment is performed when all premise
conditions for the failure judgment are established. The
premise conditions are (1) the battery voltage Vb is
equal to or greater than a predetermined value and (2)
the cruising switch is off.

Likewise, when this communication failure has oc-
curred, the following processes are performed. because
the ECU 16 cannot fetch a control signal from the throttle
controller 160 and therefore there is a high possibility
that the intake air volume control cannot be appropriate-
ly performed.

(1) Transmission of communication failure to the
throttle controller 160

(2) Lean operation inhibiting process

(3) Cruise control inhibiting process

(4) Fuel cutting process during the high revolution
(e.g.. Ne = 3000 rpm) of the engine

(5) When the brake pedal is depressed, clip the up-
per limit of the target opening angle of the throttle
valve 15 instructed from the ECU 16.

E. Throttle controller failure (ETV failure)

For a failure of the throttle controller 160, when all
of the following conditions (1) through (4) are estab-
lished, or when all of the following conditions (5) through
(8) are established, failure is judged.

(1) The ignition switch is on.
(2) There is no abnormality in the second accel po-
sition sensor (APS2) 51B and the second throttle
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position sensor (TPS2) 37B.

(3) Communication abnormality from the ECU 16to
the throttle controller 160 has occurred.

(4) 1 (Vgpsg)f2 - (bv - VTPSE) | z1v

(5) The ignition switch is on.

(6) There is no abnormality in the second accel po-
sition sensor (APS2) 51B and the second throttle
position sensor (TPS2) 37B.

(7) Communication abnormality from the throttle
controller 160 to the ECU 16 has occurred.

(8) | (opening angle voltage instructed from ECU) -
Vipso) | 2 1V

If a failure of the throttle controller 160 such as this
is judged, a limp home process will be performed.

F. APS failure

The accel position sensor 51 consists of two sen-
sors, first and second accel positions sensors (APS1
and APS2) 51A and 51B, and for the failures of these
first and second accel position sensors (APS1 and
APS2) 51A and 51B, there is (1) failure due to a short
circuit in the current circuit and failure due to a broken
connection between the sensor and ground, (2) failure
due to a broken connection in the current circuit and fail-
ure due to a short circuit between the sensor and
ground, and (3) characteristic abnormality.

For the second accel position sensor (APS2) 51B,
the failure due to a short circuit in the current circuit and
failure due to a broken connection between the sensor
and ground are judged when both of the following con-
ditions are established, on the premise that (1) there is
no communication abnormality and also (2) there is no
abnormality in the first accel position sensor (APS1)
51A.

(1) The output value Vpg, of the second accel po-
sition sensor 51B is equal to or greater than a pre-
determined value V1 (e.g., if V1 = 4.5v, Vppgo =
4.5v).

(2) The output value Vpg4 of the first accel position
sensor 51A is in a predetermined area (e.g., 0.2v <
VAPS‘I = 25\")

For the second accel position sensor (APS2) 51B,
the failure due to a broken connection in the current cir-
cuit and failure due to a short circuit between the sensor
and ground are judged when the output value Vapgs of
the second accel position sensor 51B is less than a pre-
determined value V2 (e.q., if V2 =0.2v, Vapgs < 0.2v).

For the first accel position sensor (APS1) 51A, the
failure due to a short circuit in the current circuit and fail-
ure due to a broken connection between the sensor and
ground are judged when both of the following conditions
are established, on the premise that (1) there is no com-
munication abnormality and also (2) there is no abnor-
mality in the second accel position sensor (APS2) 51B.
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(1) The output value Vpg, of the first accel position
sensor 51A is equal to or greater than a predeter-
mined value V3 (e.g., if V2 = 4.5v, Vppgy = 4.5v).
(2) The output value V,pg, of the second accel po-
sition sensor 51B is in a predetermined area (e.g.,
0.2v < Vppgp < 2.5v).

For the first accel position sensor (APS1) 51A, the
failure due to a broken connection in the current circuit
and failure due to a short circuit between the sensor and
ground are judged when the output value Vypgy of the
first accel position sensor 51B is less than a predeter-
mined value V4 (e.g., if V4 =0.2v, Vppgy < 0.2v).

In addition, the characteristic abnormality in the ac-
cel position sensor is judged when Vppgo = 1.1V, on the
premise that the idle switch is on (i.e., during idle run-
ning).

When the second accel position sensor 51B has
failed, the following processes are performed.

(1) Selting of VAPS = VAps-li‘z

(2) Lean operation inhibiting process

(3) Cruise control inhibiting process

(4) Process of clipping the upper limit of engine out-
put

However, after the failure detection of the second
accel position sensor (APS2) 51B, when communica-
tion abnormality from the throttle controller 160 to the
ECU 16 has occurred, the limp home process is per-
formed.

Also, when the first accel position sensor 51A has
failed, the following processes are performed.

(1) Setting of Vypg = Vapga/2

(2) Lean operation inhibiting process

(3) Cruise control inhibiting process

(4) Process of clipping the upper limit of engine out-
put

However, if the second accel position sensor
(APS2) 51B has already failed, the limp home process
will be performed.

When the characteristic abnormality in the accel po-
sition sensor has occurred, the following processes are
performed.

(1) Setting of Vppg = Vapsy/2

(2) Lean operation inhibiting process

(3) Cruise control inhibiting process

(4) Process of clipping the upper limit of engine out-
put

However, if the first accel position sensor (APS1)
51A has already failed, the limp home process will be
performed.
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G. LRV failure

The failure judgment of the LHV 12 is performed
when (1) the LHV solenoid is off and also (2) the terminal
voltage Lo is detected.

When this LHV 12 has failed, the following process-
es are performed.

(1) A forced compression lean operation is set.

(2) Fuel cutting process during the high revolution
(e.g. Ne = 3000 rpm) of the engine

(3) Cut EGR.

(4) Inhibit the engine speed feedback control of idle
speed control

The limp home process, incidentally, is performed
by operating the LHV 12 so that air can be supplied to
each combustion chamber (cylinder) of the engine. The
LHV main body 14 of the LHV 12 is normally turned on
and off, and in order to operate the LHV 12, the LHV
main body 14 is caused to be in an ON state.

Therefore, during the limp home process, the intake
air volume is not adjusted, and the vehicle speed control
is performed exclusively by driver's braking operation
without adjusting engine output itself.

For this reason, the intake air volurme during oper-
ation of the LHV 12 is suppressed so that engine output
is not excessively increased. In other words, during op-
eration of the LHV 12, the intake air volume is controlled
in such a manner that engine output necessary for per-
forming certain travel is obtained and also the speed re-
duction and stopping by driver's braking operation are
not hindered.

Specifically, in the limp home process, the following
processes are performed.

A: Fuel cut process
1) During forward travel

(1) When the output value of the second
accel position sensor (APS2) 51B is less
than a predetermined value ((5v - Vapgs) >
1.5v), fuel is injected into all cylinders.

(2) When the output value of the second
accel position sensor (APS2) 51B is equal
to or greater than the predetermined value
((5v - Vapgo) = 1.5v), injection of fuel into
some of the cylinders (e.g., 3 cylinders if
there are a total of 6 cylinders) is cut.

(3) When the second accel position sensor
(APS2) 51B has failed, injection of fuel into
some of the cylinders (e.g., 3 cylinders if
there are a total of 6 cylinders) is cut.

(4) When the accel pedal is depressed, in-
jection of fuel into some of the cylinders (e.
g., 3 cylinders if there are a total of 6 cylin-
ders) is cut.
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2) During reverse travel

Injection of fuel into some of the cylinders
(e.g., 3 cylinders if there are a total of 6 cylin-
ders) is cut.

B: The motor relay is turned off.

C: The LHV 12 is turned on (however, when the
brake pedal is depressed (when the brake switch
200 is on), the duty control of the LHV 12 is per-
formed at 5 Hz for a predetermined time (e.g., 2
sec)).

D: A lean operation is inhibited.

E: Cruise control is inhibited.

F: The feedback control of the engine revolution
speed is inhibited.

G: The warning lamp is lit.

H: Once a transition to the limp home mode is made,
a return to normal operation will not be made until
the ignition switch is turned off.

Note that in each failure process, the lean mode is
inhibited. Since the lean mode is a mode which is es-
tablished on the basis of high precision throttle control,
there is a possibility that stable combustion will be de-
graded, if the lean mode is performed during TPS fail-
ure. To avoid this combustion degradation, the lean
mode is inhibited.

Now, a description will be made of the failure judg-
ment process (sticking judgment process) in the case of
the position feedback failure due to sticking of the elec-
tronically controlled throttle valve 15, the failure judg-
ment process being the feature of the control apparatus
for a vehicle according to the embodiment of the present
invention.

For this failure judgment process, the ECU 16 and
the throttle controller 160, as shown in Fig. 1, are pro-
vided with failure judgment means (sticking judgment
means) 70, respectively. The failure judgmentmeans 70
judges whether or not failure due to sticking of the elec-
tronically controlled throttle valve 15 has occurred.
Based on this result of judgment, the use and selection
of the speed change gear stages of the AT 170 are con-
trolled by the AT controller 171.

The failure judgment means 70 reads a target open-
ing angle set based on detection information from the
accel position sensor 51A and also reads the opening
angle of the electronically controlled throttle valve 15 de-
tected by the second throttle position sensor (TPS2)
37B. The target opening angle is compared with the
opening angle of the electronically controlled throttle
valve 15. If the opening angle difference equal to or
greater than a predetermined opening angle (e.g., 1°)
continues over a predetermined time (e.g., 500 ms), it
will be judged that failure due to the sticking of the elec-
tronically controlled throttle valve 15 has occurred.

Also, although the target opening angle set based
on detection information from the accel position sensor
51A has been small, if the second throttle valve opening
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angle Vpg, of the electronically controlled throttle valve
15 detected by the second throltle position sensor
(TPS2) 37B does not become small (i.e., if the second
throttle valve opening angle Vypg, remains at an open-
ing angle position (large opening angle state) equal to
or greater than a predetermined value K1 (K1: a value
near the fully opened valve) as a first predetermined
opening angle), opened-valve sticking will be judged.
Conversely, although the target opening angle set
based on detection information from the accel position
sensor 51A has been large, if the second throttle valve
opening angle Vypgo of the electronically controlled
throttle valve 15 detected by the second throttle position
sensor (TPS2) 37B does not become large (i.e., if the
second throltle valve opening angle Vypge remains at
an opening angle position (small opening angle state)
equal to or less than a predetermined value K2 (K2: a
value near the fully closed valve) as a second predeter-
mined opening angle (predetermined opening angle)),
closed-valve sticking will be judged. The predetermined
value K2 as the second predetermined opening angle
is set to a value smaller than the predetermined value
K1 as the first predetermined opening angle.

Inthe case where the electronically controlled throt-
tle valve 15 has remained at a position equal to or great-
er than the predetermined value K1, the failure judgment
means 70 judges that opened-valve sticking has oc-
curred and performs an open sticking corresponding
process (opened-valve sticking failure process). Con-
versely, in the case where the electronically controlled
throttle valve 15 has remained at a position equal to or
less than the predetermined value K2, the failure judg-
ment means 70 judges that closed-valve sticking has
occurred and performs a closed sticking corresponding
process (closed-valve sticking failure process).

In the opened-valve sticking failure process, the AT
controller 171 performs a process of inhibiting the use
of the 1st and 2nd speed gear stages as the low speed
side gear stage among the speed change gear stages
of the AT 170 in order to reduce a vehicle driving torque
even in the case where there is a great volume of intake
air, and also performs a process of inhibiting the use of
the 5th speed gear stage as the high speed side gear
stage in order to prevent a considerable reduction in a
vehicle driving torque.

Such function of the AT controller 171 inhibiting the
use of the 1st and 2nd speed gear stages as the low
speed side gear stage among the speed change gear
stages of the AT 170 and also inhibiting the use of the
5th speed gear stage as the high speed side gear stage
is referred to as speed change regulation means 171A.

This speed change regulation means 171A allows
the selection of the 3rd speed gear or 4th speed gear
stage as the intermediate gear stage in order to prevent
a considerable reduction in a vehicle driving torque,
while reducing the vehicle driving torque.

Also, in the case where the driver moves the shift
lever to the UP or DOWN range side indicated by "UP"
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and "DOWN" in Fig. 6 and thereby switches the AT con-
troller 171 to the manual speed change mode, the speed
change regulation means 171A of the AT controller 171
performs a process of allowing the selection of more
speed change gear stages than the speed change gear
stages allowed to be selected in the automatic speed
change mode, and consequently, it becomes possible
to judge a torque requested by the driver by the speed
change operation.

For example, when the selection of the 3rd speed
gear stage is allowed in the automatic speed change
mode, the speed change regulation means 171A of the
AT controller 171 performs a process of allowing the se-
lection of the speed change gear stage (2nd speed gear
stage) lower by one stage than that or speed change
gear stage (4th speed gear stage) higher by one stage
than that. Also, when the selection of the 4th speed gear
stage is allowed in the automatic speed change mode,
the speed change regulation means 171A of the AT con-
troller 171 performs a process of allowing the selection
of the speed change gear stage (3rd speed gear stage)
lower by one stage than that or speed change gear
stage (5th speed gear stage) higher by one stage than
that.

Thus, in the case where the speed change regula-
tion means 171A of the AT controller 171 is inhibiting
the use of the low speed side gear stage in the automatic
speed change mode, if the AT controller 171 is switched
to the manual speed change mode, the speed change
regulation means 171A of the AT controller 171 will
change the range of the low speed side gear stage fo-
ward the low speed side by at least one stage and inhibit
the use of the changed low speed side gear slage. Also,
in the case where the speed change regulation means
171A of the AT controller 171 is inhibiting the use of the
high speed side gear stage in the automatic speed
change mode, if the AT controller 171 is switched to the
manual speed change mode, the speed change regula-
tion means 171A of the AT controller 171 will change
the range of the high speed side gear stage foward the
high speed side by at least one stage and inhibit the use
of the changed high speed side gear stage.

In this case, when the AT controller 171 has select-
ed the intermediate speed side gear stage in the auto-
matic speed change mode by the speed change regu-
lation means 171A of the AT controller 171, if the AT
controller 171 is swilched to the manual speed change
mode, the speed change regulation means 171A of the
AT controller 171 will change the range of the interme-
diate speed side gear stage toward the low speed side
or high speed side by at least one stage and select the
changed intermediate speed side gear stage.

On the other hand, in the closed-valve sticking fail-
ure process, the speed change regulation means 171A
of the AT controller 171 inhibits the use of the 5th speed
gear stage as the high speed gear stage among the
speed change gear stages of the AT 170 in order to raise
a vehicle driving torque, and also inhibits the use of the
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1st and 2nd speed gear stages as the low speed gear
stage among the speed change gear stages of the AT
170 in order to prevent a considerable rise in a vehicle
driving torgue. In other words, the speed change regu-
lation means 171A of the AT controller 171 performs a
process of allowing the use of the 3rd speed gear stage
or 4th speed gear stage as the intermediate gear stage
in order to reduce a vehicle driving torque, while pre-
venting a considerable reduction in the vehicle driving
torque. In the case of a four speed automatic transmis-
sion. it is preferable to allow the selection of the 2nd
speed gear stage or 3rd speed gear slage as an inter-
mediate speed gear stage.

Also, in the case where the driver moves the shift
lever to the UP or DOWN range side indicated by "UP"
and "DOWN" in Fig. 6 and thereby switches the AT con-
troller 171 to the manual speed change mode, the speed
change regulation means 171A of the AT controller 171
performs a process of allowing the selection of more
speed change gear stages than the speed change gear
stages allowed to be selected in the automatic speed
change mode, as described above, and consequently,
it becomes possible to judge a torque requested by the
driver by the speed change operation.

Since the control apparatus for a vehicle as an em-
bodiment of the present invention is constituted as de-
scribed above, the process shown in Fig. 4, for example,
will be carried out if the intake control system, i.e., the
electronic throtile control unit (DBW) 150 and the LHV
12 fail.

First, the process relevant to the judgment of LHV
failure is performed by an LHV failure judgment routine
(step A10). In the judgment of LHV failure, it is judged
(1) whether or not the LHV solenoid is off and (2) wheth-
er or not the terminal voltage Lo has been detected. If
(1) the LHV solenoid is off and also (2) the terminal volt-
age Lo has been detected, LHV failure will be judged.
In this case, in step A30 via judgment of step A20, an
engine output suppressing process is performed. Spe-
cifically, the following processes are performed.

(1) The operating mode is forcibly set tothe late lean
combustion mode (compression stroke injection
mode), thereby suppressing the output of the en-
gine.

(2) If the engine revolution speed Ne reaches a pre-
determined revolution speed (e.g., 3000 rpm) or
greater, fuel supply will be cut, thereby suppressing
the engine output.

(3) EGR is cut, thereby causing stable combustion
to have priority over exhaust gas purification.

(4) For the idle speed control, the feedback control
of the engine revolution speed is inhibited, thereby
giving priority to stable combustion.

On the other hand, if there is no failure of the LHV
12, the process will advance to step A40 via the judg-
ment of step A20. In step A40 it is judged whether or not
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an APS fail flag Fy,;; is 1. This APS fail flag Fg;; will be
1 if either of the accel position sensors (APS) 51A and
51B fails, and will be 0 if not so. If the APS fail flag F)4
is 1, the process will advance to a dual failure judgment
routine of step A80. If the APS fail flag Fy; s is not 1, the
process willadvance to an APS failure judgment routine
of step A50.

In the APS failure judgment routine of step A50, for
the first accel position sensor (APS1) 51A and the sec-
ond accel position sensor (APS2) 51B, a judgment proc-
ess such as the aforementioned is performed with re-
gard to (1) failure due to a short circuit in the current
circuit and failure due to a broken connection between
the sensor and ground, (2) failure due to a broken con-
nection in the current circuit and failure due to a short
circuit between the sensor and ground, and (3) charac-
teristic abnormality.

If APS failure is judged, the process will advance to
step AB0 via step A70. In step ABO it is judged whether
or not both the first and second accel position sensors
(APS1 and APS2) 51A and 51B have failed. If dual fail-
ure of the accel positions sensors has occurred, the
process will advance to step A300 and the limp home
process will be performed. If no dual failure has oc-
curred, i.e., if only either of the two accel position sen-
sors has occurred, the process will advance to step AS0.

In step A90 it is judged whether or not the brake
switch 200 is on, i.e., whether or not the braking opera-
tion has been performed. If the braking operation has
been performed, the process will advance to step A100
and a throttle opening angle instruction value will be
clipped at the upper limit value to suppress the intake
air volume, thereby suppressing the output of the en-
gine. If no braking operation has been performed, the
process will advance to step A120 and each failure proc-
ess will be performed according to APS failure.

In other words, when the second accel position sen-
sor51B hasfailed, (1) selting of Vapg = Vapsi/2, (2) lean
operation inhibiting process, (3) cruise control inhibiting
process, and (4) process of clipping the upper limit of
engine output are performed. However, after the failure
detection of the second accel position sensor (APS2)
51B, when communication abnormality from the throttle
controller 160 to the ECU 16 has occurred, the limp
home process is performed.

When the first accel position sensor 51A has failed,
(1) setting of Vypg = Vapso/2, (2) lean operation inhibit-
ing process, (3) cruise control inhibiting process, and (4)
process of clipping the upper limit of engine output are
processed. However, if the second accel position sensor
(APS2) 51B has already failed, the limp home process
will be performed.

In addition, when the characteristic abnormality in
the accel position sensor has occurred, (1) setting of
Vaps = Vapsi/2, (2) lean operation inhibiting process,
(3) cruise control inhibiting process, and (4) process of
clipping the upper limit of engine output are performed.
However, if the first accel position sensor (APS1) 51A
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has already failed, the limp home process will be per-
formed.

On the other hand, if there is no APS failure, the
process will advance from step A60 to an ETV judgment
routine of step A130.

Inthis ETV judgment routine, a failure of the throttle
controller is judged. The throttle controller is judged to
have failed when (1) the ignition switch is on, (2) there
is no abnormality in the second accel position sensor
(APS2) and the second throttle position sensor (TPS2),
(8) communication abnormality from the ECU 16 to the
throttle controller 160 has occurred, and (4) [(Vpg2)/2
- (5V - Vpga)| 2 1v, or when (5) the ignition switch is on,
(6) there is no abnormality in the second accel position
sensor (APS2) and the second throttle position sensor
(TPS2), (7) communication abnormality from the throttle
controller 160 to the ECU 16 has occurred, and (8) |
(opening angle voltage instructed from ECU) - Vpgo)!
z1wv

If the failure of the throttle controller is judged, the
process will advance to step A300 via step A140 and
the limp home process will be performed. If no failure of
the throttle controller is judged, the process will advance
to a communication failure judgment routine of step
A150.

In this communication failure judgment routine,
communication abnormality from the ECU 16 to the
throttle controller 160 and communication abnormality
fromthe throttle controller 160 to the ECU 16 are judged.

For the communication abnormality from the ECU
16 to the throttle controller 160, the abnormality judg-
ment is made under the condition (zone) where (1) the
battery voltage Vb is equal o or greater than a prede-
termined value and (2) no communication abnormality
from the throttle controller 160 to the ECU 16 has oc-
curred. When the throttle controller 160 receives a com-
munication failure signal from the ECU 16, failure is
judged.

For the communication abnormality from the throttle
controller 160 to the ECU 16, the abnormality judgment
is made under the condition (zone) where (1) the battery
voltage Vb is equal to or greater than a predetermined
value and (2) the cruising switch is off. When (1) there
is a check sum error, (2) there is an overrun framing er-
ror, and (3) there is incomplete communication for a pre-
determined time (e.g., for 25 msec), failure is judged.

If such communication failure is judged, the process
will advance to step A170 via step A160 and the com-
munication failure corresponding process will be per-
formed.

In other words, when the communication abnormal-
ity from the ECU 16 to the throttle controller 160 has
occurred, there is a high possibility that the intake air
volume control cannot be appropriately performed.
Therefore, (1) the lean operation is inhibited, (2) the
cruise control is inhibited, and (3) at the time of the high
revolution (e.g., Ne = 3000 rpm) of the engine, fuel cut
is performed.
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Similarly, when the communication abnormality
from the throttle controller 160 to the ECU 16 has oc-
curred, there is a high possibility that the intake air vol-
ume control cannot be appropriately performed. There-
fore, (1) communication failure is transmitied to the
throttle controller 160, (2) the lean operation is inhibited,
(3) the cruise control is inhibited, (4) at the time of the
high revolution (e.g., Ne = 3000 rpm) of the engine, fuel
cut is performed, and (5) when the brake pedal is de-
pressed, the upper limit of the target opening angle of
the throttle valve 15 instructed from the ECU 16 is
clipped.

If no communication failure is judged, the process
will advance to a motor failure judgment routine of step
A180 via step A160.

In the motor failure judgment routine, when a
ground or overcurrent failure signal of the motor output
is received, motor failure is judged. This motor failure
judgment is performed under the condition (zone) where
(1) the motor relay is on and (2) no communication ab-
normality from the throttle controller 160 to the ECU 16
has occurred.

If this motor failure is judged, the process will ad-
vance to step A300 via step A190 and the limp home
process will be performed. If no motor failure is judged,
the process will advance to a TPS failure judgment rou-
tine of step A200.

Inthe TPS failure judgment routine, the failure judg-
ment is performed under the condition (zone) where (1)
the ignition switch is on and (2) no communication ab-
normality from the throttle controller 160 to the ECU 16
has occurred. When the respective failure signals are
received, failure is judged. For the failure of the first
throttle position sensor (TPS1) 37A that is employed in
the feedback control by the throttle controller 160, there
is (1) failure due to a broken connection or short circuit
in the current circuit and (2) a linearity defect. For the
failure of the second throttle position sensor (TPS2)
37B, there is (3) characteristic abnormality and (4) fail-
ure due to a broken connection or short circuit in the
current circuit.

Based on the judgment result of such a TPS failure
judgment routine, in step A210 it is judged whether or
not either of the TPS1 and TPS2 has failed. If either of
the TPS1 and TPS2 has failed, the process will advance
to step A220 and it will be judged whether or not both of
the TPS1 and TPS2 have failed.

If both of the TPS1 and TPS2 have failed, the proc-
ess will advance to step A300 and the limp home proc-
ess will be performed. If not so (i.e., if only either of the
TPS1 and TPS2 has failed), the process will advance to
step A230 and the lean mode inhibiting process will be
performed. The lean mode is established on the basis
of high precise throttle control, so when TPS failure has
occurred, there is a fear that in the lean mode, stable
combustion will be degraded. To avoid the fear, the lean
mode is inhibited.

On the other hand, if neither of the throttle position
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sensors has failed, the process will advance to a posi-
tion feedback failure judgment routine (POS F/B failure
judgment routine) of step A240 via step A210.

In the position feedback failure judgment routine,
position feedback failures, i.e., (1) valve system sticking
failure (including fully closed sticking) and (2) motor out-
put open failure are judged. This judgment is performed
under the condition (zone) where (1) the ignition switch
is on, (2) the relay motor is on, or communication abnor-
mality from the ECU 16 to the throttle controller 160 has
occurred, (3) the battery voltage Vb is equal to or greater
than a predetermined value, and (4) no communication
abnormality from the throttle controller 160 to the ECU
16 has occurred. When a position feedback failure sig-
nal is received, failure is judged.

If no position feedback failure is judged, the process
will return via step A250 and the failure process will not
be performed. If position feedback failure is judged, the
process will advance to step A260 via step A250 and it
will be judged whether or not a second throttle valve
opening angle Vrpgo is equal to or greater than a pre-
determined value K1 (K1: a value near the fully opened
valve). If the second throttle valve opening angle Vypgo
is equal to or greater than the predetermined value K1,
the process will advance to step A280 and the opened-
valve sticking failure process will be performed.

In step A260, if the second throttle valve opening
angle Vrpgs is not equal to or greater than the predeter-
mined value K1, the process will advance to step A270
and it will be judged whether or not the second throttle
valve opening angle Vypgs is equal to or less than a pre-
determined value K2 (K2: a value near the fully closed
valve). If the second throttle valve opening angle Vypgo
is equal to or less than the predetermined value K2, the
process will advance to step A290 and the closed-valve
sticking failure process will be performed.

If the second throttle valve opening angle Vypgp is
a value between the predetermined values K1 and K2,
the process will advance to step A300 and the limp
home process will be performed.

The limp home process of step A300 is performed
as shown in Fig. 5.

In other words, the lean operating mode is inhibited
(step B10). The lean operating mode requiring high pre-
cision throttle control is avoided, thereby performing
more stable combustion in a stoichiometric mode.

Next, the motor relay (power supply relay) 62 is
turned off (step 820). With this, power will not be sup-
plied to the throttle controller 160, and the throttle valve
control through the throttle controller 160 will not be per-
formed. Consequently, an intake air volume is regulated
only by controlling the limp home valve 12.

Then, it is judged whether or not the brake switch
200 is on, i.e., whether or not the braking operation has
been performed (step B30). If the brake switch 200 is
on, the duty control of the limp home valve (LHV) 12 will
be performed by a predeterminedtime (e.g., 2 sec) (step
840).
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In other words, this limp home valve 12 is an ON-
OFF valve which is normally set to either an ON state
or an OFF state and also is an electromagnetic valve,
so duty control is also possible. In this embodiment, the
volume of air flowing through the bypass passage 13 is
suppressed by suppressing the opening angle of the
LHV 12 at a duty ratio of about 50%, for example. In this
manner, engine output is suppressed, thereby enhanc-
ing a braking effect.

Such duty control will be sufficient if it is performed
for a predetermined time (here, 2 sec) after the start of
the braking operation, so the duty control is completed
after the predetermined time. Note that if the duty control
of the limp home valve 12 is regulated to within a pre-
determined time, durability of the solenoid will also be
ensured.

On the other hand, if the brake switch 200 is off, the
LHV 12 will be caused to be in an ON (open) state (step
B50).

After steps B40 and B50 have been performed, the
process advances to step B60 and it is judged whether
or not the vehicle is moving forward.

If the vehicle is not moving forward, it means the
vehicle is moving in reverse and therefore the fuel cut
to some cylinders (e.g., 3 cylinders of 6 cylinders) will
be performed, thereby suppressing engine output (step
B110). If the vehicle is moving forward, the process will
advance to step B70 and it will be judged whether or not
the output value of the second accel position sensor
(APS2) 51B is equal to or greater than a predetermined
value ((5v - Vapgo) > 1.5v or (5V - - Vppga) < 1.5v).

When (5v - Vapgo) < 1.5v, the process advances to
step B110 and the fuel cut to some cylinders (e.g., 3 cyl-
inders of 6 cylinders) is performed, thereby suppressing
engine output. Also, if (5v - Vppgs) > 1.5v, the process
will advance to step B80 and it will be judged whether
or not the second accel position sensor (APS2) 51B has
failed. This failure judgment is performed as described
above.

If the APS2 has failed, the process will advance to
step B110 and the fuel cut to some cylinders (e.g., 3 cyl-
inders of 6 cylinders) will be performed, thereby sup-
pressing engine outpul. If the APS2 has not failed, the
process will advance to step B0 and it will be judged
whether or not the brake switch 200 is on, i.e., whether
the braking operation has been performed.

If the brake switch 200 is on, the fuel cut to some
cylinders (e.g., 3 cylinders of 6 cylinders) will be per-
formed, thereby suppressing engine output. If the brake
switch 200 is not on, the process will advance to step
B100, fuel will be injection into all cylinders, thereby en-
suring output,

In addition, during the limp home process, the warn-
ing lamp 180 is also lit.

Thus, the limp home process is performed when the
vehicle is moving forward and also in the case where
there is no failure of the APS2 (i.e., a driver's intention
to request speed can be grasped from APS2 informa-
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tion) and the accel opening angle is equal to or greater
than a predetermined value without a braking operation.
That is, when the driver is requesting engine output, fuel
cut is not performed, but, during reverse travel, during
APS2 failure, during a breaking operation, or when the
accel opening angle is less than a predetermined value,
the fuel cut to some cylinders (e.g., 3 cylinders of 6 cyl-
inders) is performed as safety control, thereby sup-
pressing engine output.

Therefore, the driver can obtain the speed of the
vehicle if the braking operation is not being performed,
and can also perform speed reduction or stopping if the
braking operation is being performed. In addition, during
a failure of the intake system, vehicle speed control re-
flecting a driver's intention can be performed at a certain
level on the basis of braking operation information which
is the remaining driver's intention reflection means.

Now, a description will be made of the opened-valve
sticking failure process (step A280) and closed-valve
sticking failure process (step A290) which are the fea-
tures of the control apparatus for a vehicle according to
the embodiment of the present invention.

First, in the opened-valve sticking failure process,
the speed change regulation means 171A of the AT con-
troller 171 performs a process of inhibiting the use of the
1st and 2nd speed gear stages as the low speed side
gear stage among the speed change gear stages of the
AT 170 in order to reduce a vehicle driving torque, and
also performs a process of inhibiting the use of the 5th
speed gear stage as the high speed gear stage in order
to prevent a considerable reduction in a vehicle driving
torque. In other words, the speed change regulation
means 171A of the AT controller 171 performs a process
of allowing the AT 170 to select the 3rd speed gear stage
or 4th speed gear stage as the intermediate gear stage
in order to prevent a considerable reduction in a vehicle
driving torgue, while reducing the vehicle driving torque.

Also, in the case where the driver moves the shift
lever to the UP or DOWN range side indicated by "UP"
and "DOWN" in Fig. 6 and thereby switches the AT con-
troller 171 to the manual speed change mode, the speed
change regulation means 171A of the AT controller 171
performs a process of allowing the selection of more
speed change gear stages than the speed change gear
stages allowed to be selected in the automatic speed
change mode.

For example, when the selection of the 3rd speed
gear stage is allowed in the automatic speed change
mode, the speed change regulation means 171A of the
AT controller 171 performs a process of allowing the se-
lection of the speed change gear stage (2nd speed gear
stage) lower by one stage than that or speed change
gear stage (4th speed gear stage) higher by one stage
than that. Also, when the selection of the 4th speed gear
stage is allowed in the automatic speed change mode,
the speed change regulation means 171A of the AT con-
troller 171 performs a process of allowing the selection
of the speed change gear stage (3rd speed gear stage)
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lower by one stage than that or speed change gear
stage (5th speed gear stage) higher by one stage than
that.

Also, in the closed-valve sticking failure process in
step A290, the speed change regulation means 171A of
the AT controller 171 performs a process of inhibiting
the use of the 5th speed gear stage as the high speed
gear stage among the speed change gear stages of the
AT 170 in order to raise a vehicle driving torque, and
also performs a process of inhibiting the use of the 1st
and 2nd speed gear stages as the low speed side gear
stage in order to prevent a considerable rise in a vehicle
driving torque. In other words, the speed change regu-
lation means 171A of the AT controller 171 performs a
process of allowing the use of the 3rd speed gear stage
or 4th speed gear stage as the intermediate gear stage
in order to reduce a vehicle driving torque, while pre-
venting a considerable reduction in the vehicle driving
torque.

Also, in the case where the driver moves the shift
lever to the UP or DOWN range side indicated by "UP"
and "DOWN" in Fig. 6 and thereby switches the AT con-
troller 171 to the manual speed change mode, the speed
change regulation means 171A of the AT controller 171
performs a process of allowing the selection of more
speed change stages than the speed change gear stag-
esallowedto be selected in the automatic speed change
mode, as described above.

Therefore, according to the control apparatus for a
vehicle of this embodiment, in the case where the failure
judgment means 70 judges that the throttle valve 15 has
been stuck at an opening angle position equal to or
greater than a first predetermined opening angle, the
speed change regulation means 171A of the AT control-
ler 171 inhibits the use of the low speed side gear stage.
Therefore, a vehicle driving torque is reduced, and even
in the case where the throttle valve 15 is stuck, there is
an advantage of being able to ensure stable travel cor-
responding to a driver's request.

Also, in the case where the failure judgment means
70 judges that the throttle valve 15 has been stuck at an
opening angle position equal to or greater than the first
predetermined opening angle, the speed change regu-
lation means 171A of the AT controller 171 inhibits the
use of the high speed side gear stage. Therefore, acon-
siderable reduction in avehicle driving torque is prevent-
ed, and even in the case where the throttle valve 15 is
stuck. there is an advantage of being able to ensure sla-
ble travel corresponding to a driver's request.

Also, in the case where the failure judgment means
70 judges that the throttle valve 15 has been stuck, the
speed change regulation means 17 1A of the AT control-
ler 171 performs a process of allowing the automatic
transmission to select the intermediate speed gear
stage. Therefore, a considerable reduction in a vehicle
driving torque is prevented while reducing the vehicle
driving torque, and even in the case where the throttle
valve 15 is stuck, there is an advantage of being able to
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ensure stable travel corresponding to a driver's request.

In addition, the AT controller 171 allows the selec-
tion of more speed change gear stages when having a
manual speed change mode. Therefore, there are ad-
vantages that a speed change gear stage can be select-
ed by driver's speed change intention, more stable trav-
el can be ensured, and particularly, when a vehicle is
moved to a predetermined place (during limp home),
traveling performance can be stabilized.

In the case where the failure judgment means 70
judges that the throttle valve 15 has been stuck at an
opening angle position (small opening angle stale)
eqgual to or less than a second predetermined opening
angle, the speed change regulation means 171A of the
AT controller 171 inhibits the use of the high speed side
gear stage. Therefore, a vehicle driving torque is raised,
and even in the case where the throttle valve 15 is stuck,
there is an advantage that stable travel corresponding
to a driver's request can be ensured.

Also, in the case where the failure judgment means
70 judges that the throttle valve 15 has been stuck at an
opening angle position (small opening angle state)
equaltoor less than the second predetermined opening
angle, the speed change regulation means 171A of the
AT controller 171 inhibits the use of the low speed side
gear stage. Therefore, a considerable rise in a vehicle
driving torque is prevented, and even in the case where
the throttle valve 15 is stuck, there is an advantage that
stable travel corresponding to a driver's request can be
ensured.

In the control apparatus for a vehicle of the embod-
iment of the present invention, when the failure judg-
ment means 70 judges the opened-valve sticking in
which the throttle valve 15 is stuck at an opening angle
position equal to or greater than the first predetermined
opening angle. the speed change regulation means
171Aof the AT controller 171 performs the open sticking
corresponding process (opened-valve sticking failure
process). On the other hand, when the failure judgment
means 70 judges the closed-valve sticking in which the
throttle valve 15 is stuck at an opening angle position
egualtoor less than the second predetermined opening
angle, the speed change regulation means 171A of the
AT controller 171 performs the closed sticking corre-
sponding process (closed-valve sticking failure proc-
ess). However, only either one or the other of the proc-
esses may be performed.

In other words, only in the case where the failure
judgment means 70 judges the opened-valve sticking in
which the throttle valve 15 is stuck at an opening angle
position eqgual to or greater than a predetermined open-
ing angle (corresponding fo the first predetermined
opening angle), the speed change regulation means
171A of the AT controller 171 may perform the open
sticking corresponding process (opened-valve sticking
failure process).

Conversely, only in the case where the failure judgment
means 70 judges the closed-valve sticking in which the
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throttle valve 15 is stuck at an opening angle position
equal to or less than a predetermined opening angle
(second predetermined opening angle), the speed
change regulation means 171A of the AT controller 171
may perform the closed sticking corresponding process
(closed-valve sticking failure process).

In this case, as with the above-mentioned embodi-
ment, in the open sticking corresponding process and
closed sticking corresponding process by the speed
change regulation means 171A of the AT controller 171,
a process of allowing the AT 170 to select the interme-
diate speed gear stage in the automatic speed change
mode is also performed.

In the control apparatus for the vehicle of the em-
bodiment of the present invention, in the open sticking
corresponding process (opened-valve sticking failure
process) by the speed change regulation means 171A
of the AT controller 171 in the case where opened-valve
sticking is judged by the failure judgment means 70 and
also in the closed sticking corresponding process
(closed-valve sticking failure process) by the speed
change regulation means 171A of the AT controller 171
in the case where closed-valve sticking is judged by the
failure judgment means 70, although the process of al-
lowing the AT 170 to select the intermediate speed gear
stage in the automatic speed change mode is per-
formed, the present invention is not limited to this proc-
ess. Not only in the case where the opened-valve stick-
ing or closed-valve sticking is judged by the failure judg-
ment means 70 but also in the case where failure due
to sticking of the throttle valve 15 is judged, the process
of allowing the AT 170 to select the intermediate speed
gear stage in the automatic speed change mode may
be performed by the speed change regulation means
171A of the AT controller 171.

Also, in the control apparatus for the vehicle of the
embodiment of the present invention, in the case where
the AT controller 171 has selected the intermediate
speed side gear stage in the automatic speed change
mode by the speed change regulation means 171A of
the AT controller 171, if the AT controller 171 is switched
to the manual speed change mode, the speed change
regulation means 171A of the AT controller 171 changes
the range of the intermediate speed side gear stage to-
ward the low speed side or high speed side by at least
one stage and selects the changed intermediate speed
side gear stage. However, the present invention is not
limited to this. The speed change regulation means
171A of the AT controller 171 may change the range of
the intermediate speed side gear stage toward the high
speed side and low speed side by at least one stage
and select the changed intermediate speed side gear
stage.

In addition, the speed change regulation means
171A of the AT controller 171 may be constituted so that
in accordance with conditions, it changes the range of
the intermediate speed side gear stage toward the high
speed side or low speed side by at least one stage and
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selects the changed intermediate speed side gear
stage, or sothat itchanges the range of the intermediate
speed side gear stage toward the high speed side and
low speed side by at least one stage and selects the
changed intermediate speed side gear stage.

In the control apparatus for the vehicle of the em-
bodiment of the present invention, in the open sticking
corresponding process (opened-valve sticking failure
process) by the speed change regulation means 171A
of the AT controller 171 in the case where opened-valve
sticking is judged and also in the closed sticking corre-
sponding process (closed-valve sticking failure proc-
ess) by the speed change regulation means 171A of the
AT controller 171 in the case where closed-valve stick-
ing is judged, although the process of allowing the AT
170 to select the intermediate speed gear stage in the
automatic speed change mode is performed, a process
of locking the AT 170 to the intermediate speed gear
stage in the automatic speed change mode may be per-
formed so that control can be simplified and also the ca-
pacity of a computer can be reduced.

In the control apparatus for the vehicle of the em-
bodiment of the present invention, although the driver
operates the shift lever and thereby switches the auto-
matic speed change mode or the manual speed change
mode in the AT controller 171, the present invention may
be constituted so that it is provided with only the auto-
maltic speed change mode without the manual speed
change mode.

In the control apparatus for the vehicle of the em-
bodiment of the present invention, while the transmis-
sion is a five speed automatic transmission, the present
invention is not limited to this. The transmission may be
other automatic transmissions (e.g., an automatic trans-
mission with more speed change gear stages).

Inthis case, the low speed side gear stage includes
at least the lowest speed change gear stage (e.g., 1st
speed gear stage) among speed change gear stages
and is constituted by a plurality of gear stages from the
lowest speed change gear stage to a predetermined
gear stage toward the high speed side. The high speed
side gear stage includes at least the highest speed
change gear stage (e.g., 5th speed gear stage) among
speed change gear stages and is constituted by a plu-
rality of gear stages from the highest speed change gear
stage to a predetermined gear stage toward the low
speed side. The intermediate speed gear stage is con-
stituted by the gear stages between the low speed side
gear stage and the high speed side gear stage.

Also, in the control apparatus for the vehicle of the
embodiment of the present invention, in the case where
opened-valve sticking is judged, although the process
of inhibiting the use of the low speed gear stage in the
automatic speed change mode is performed as the open
sticking corresponding process (opened-valve sticking
failure process) by the speed change regulation means
171A of the AT controller 171, the present invention is
not limited to this process. In addition to this process, a
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process of reducing a quantity of injection fuelinto some
cylinders (which includes a fuel injection quantity cutting
process) may be performed in order to achieve an even
further reduction in engine output.

In addition, in the control apparatus for the vehicle
of the embodiment of the present invention, in the case
where opened-valve sticking is judged, although the
process of inhibiting the use of the low speed gear stage
in the automatic speed change mode is performed as
the open sticking corresponding process (opened-valve
sticking failure process) by the speed change regulation
means 171A of the AT controller 171, a process of
switching an operating mode to the compression stroke
injection mode included in the lean combustion mode
may be further performed in order to achieve a reduction
in engine output.

In this case, the compression stroke injection mode
is required to accurately control an air-fuel ratio by ac-
curately controlling an intake air volume and an injection
fuel quantity in order to establish combustion. Also, in
the case of opened-valve sticking, an air-fuel ratio is
controlled primarily by the adjustment of a fuel injection
quantity, so combustion becomes easily unstable and
the driver easily receives a feeling of unrest. Therefore,
in order to ensure more combustion stability and in order
for the driver not to receive a feeling of unrest, it is pref-
erable to perform control so that load to engine acces-
sories not relevant to travel is reduced. For example, a
load fluctuation by turning an air conditioner on and off
has a great influence on engine output, soitis preferable
to perform control so that the operation of the air condi-
tioner is stopped in such a manner that unstable com-
bustion is prevented and also a feeling of unrest due to
a fluctuation in engine output is not given to the driver.

Also, if a brief description is made of reset condi-
tions for failure judgment, the reset conditions are that
the ignition key is turned off, the battery is turned off,
etc. The aforementioned control is repeated during re-
travel, and in the case where it is rejudged that the DBW
is normal, a return to normal operation is made. At this
time, if failure contents are stored in a computer as fail-
ure information, rechecking of the DBW system can be
performed when the vehicle is checked.

While the control apparatus for the vehicle of the
embodiment of the present invention has been de-
scribed as a control apparatus which is provided in an
in-cylinder injection internal combustion engine, the
control apparatus is not limited to this but is also appli-
cable as a control apparatus for an internal combustion
engine which can select a lean combustion mode and
the other modes (e.g., stoichiometric air-fuel ratio
mode).

It will be understood that the abbreviation "accel”
has been used for the term "accelerator” throughout the
application.
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Claims

A control apparatus for a vehicle equipped with
electronic throtile control means (150) for electrical-
ly driving a throttle valve (15) by drive means (154)
and an automatic transmission (170) having a plu-
rality of speed change gear stages, comprising:

sticking judgment means (70) for judging
whether or not said throttle valve (15) has been
stuck; and

speed change regulation means (171A) for in-
hibiting use of a predetermined gear stage
among the speed change gear stages of said
automatic transmission (170) in the case where
said throttle valve is judged to have been stuck
by said sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 1, wherein said speed change regulation
means (171A) inhibits use of a low speed side gear
stage among the speed change gear stages of said
automatic transmission (170) in the case where
said throttle valve (15) is judged to have been stuck
by said sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 2, wherein said low speed side gear stage in-
cludes at least the lowest speed change gear stage
among said speed change gear stages and is con-
stituted by a plurality of gear stages from said lowest
speed change gear stage to a predetermined gear
stage toward a high speed side.

The control apparatus for a vehicle as set forth in
claim 3, wherein said speed change regulation
means (171A) inhibits the use of said low speed
side gear stage among the speed change gear stag-
es of said automatic transmission (170) in the case
where said throttle valve (15) is judged to have been
stuck at an opening angle position equal to or great-
er than a first predetermined opening angle by said
sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 3, wherein said speed change regulation
means (171A) inhibits the use of said low speed
side gear stage among the speed change gear stag-
es of said automatic transmission (170) in the case
where said throttle valve (15) is judged to have been
stuck at an opening angle position equal to or less
than a predetermined opening angle by said stick-
ing judgment means (70).

The control apparatus for a vehicle as set forth in
claim 4, wherein said speed change regulation
means (171A) inhibits the use of said low speed
side gear stage among the speed change gear stag-
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es of said automatic transmission (170) in the case
where said throttle valve (15) is judged to have been
stuck at an opening angle position equal to or less
than a second predetermined opening angle small-
er than said first predetermined opening angle by
said sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 1, wherein said speed change regulation
means (171A) inhibits use of a high speed side gear
stage among the speed change gear stages of said
automnatic transmission (170) in the case where
said throttle valve (15) is judged to have been stuck
by said sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 7, wherein said high speed side gear stage
includes at least the highest speed change gear
stage among said speed change gear stages and
is constituted by a plurality of gear stages from said
highest speed change gear stage to a predeter-
mined gear stage toward a low speed side.

The control apparatus for a vehicle as set forth in
claim 8, wherein said speed change regulation
means (171A) inhibits the use of said high speed
side gear stage amongthe speed change gear stag-
es of said automatic transmission (170) in the case
where said throttle valve (15) is judged to have been
stuck at an opening angle position equal to or great-
er than a first predetermined opening angle by said
sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 8, wherein said speed change regulation
means (171A) inhibits the use of said high speed
side gear stage amongthe speed change gear stag-
es of said automatic transmission (170) in the case
where said throttle valve (15) is judged to have been
stuck at an opening angle position equal to or less
than a predetermined opening angle by said stick-
ing judgment means (70).

The control apparatus for a vehicle as set forth in
claim 9, wherein said speed change regulation
means (171A) inhibits the use of said high speed
side gear stage amongthe speed change gear stag-
es of said automatic transmission (170) in the case
where said throttle valve (15) is judged to have been
stuck at an opening angle position equal to or less
than a second predetermined opening angle small-
er than said first predetermined opening angle by
said sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 3, further comprising:

automatic transmission control means (171)
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switchable to both an automatic speed change
mode which changes each speed change gear
stage of said automatic transmission (170) au-
tomatically and a manual speed change mode
which selects each speed change gear stage
of said automatic transmission (170) manually;
wherein said speed change regulation means
(171A) inhibits the use of said low speed side
gear stage in the case where said automatic
transmission control means (171) is in said au-
tomatic speed change mode and wherein said
speed change regulation means (171A) also
changes a range of said low speed side gear
stage toward the low speed side by at least one
stage and inhibits use of the changed low
speed side gear stage, in the case where said
automatic transmission control means (171) is
in said manual speed change mode.

13. The control apparatus for a vehicle as set forth in

claim 8, further comprising:

automatic transmission control means (171)
switchable to both an automatic speed change
mode which changes each speed change gear
stage of said automatic transmission (170) au-
tomatically and a manual speed change mode
which selects each speed change gear stage
of said automatic transmission (170) manually;
wherein said speed change regulation means
(171A) inhibits the use of said high speed side
gear stage in the case where said automatic
transmission control means (171) is in said au-
tomatic speed change mode and wherein said
speed change regulation means (171A) also
changes a range of said high speed side gear
stage toward the high speed side by at least
one stage and inhibits use of the changed high
speed side gear stage, in the case where said
automatic transmission control means (171) is
in said manual speed change mode.

14. A control apparatus for a vehicle equipped with

electronic throtile control means (150) for electrical-
ly driving a throttle valve (15) by drive means (154)
and an automatic transmission (170) having a plu-
rality of speed change gear stages, comprising:

sticking judgment means (70) for judging
whether or not said throttle valve (15) has been
stuck; and

speed change regulation means (171A) for se-
lecting an intermediate speed gear stage
among the speed change gear stages of said
automatic transmission (170) in the case where
said throttle valve (15) is judged to have been
stuck by said sticking judgment means (70).
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The control apparatus for a vehicle as set forth in
claim 14, wherein said intermediate speed gear
stage is constituted by the gear stages between a
low speed side gear stage and a high speed side
gear stage. the low speed side gear stage including
at least the lowest speed change gear stage among
said speed change gear stages and also being con-
stituted by a plurality of gear stages from said lowest
speed change gear stage to a predetermined gear
stage toward a high speed side, and the high speed
side gear stage including at least the highest speed
change gear stage among said speed change gear
stages and also being constituted by a plurality of
gear stages from said highest speed change gear
stage to a predetermined gear stage toward a low
speed side.

The control apparatus for a vehicle as set forth in
claim 15, wherein said speed change regulation
means (171A) selects said intermediate speed gear
stage among the speed change gear stages of said
automatic transmission (170) in the case where
said throttle valve (15) is judged to have been stuck
atan opening angle position equal to or greater than
afirst predetermined opening angle by said sticking
judgment means (70).

The control apparatus for a vehicle as set forth in
claim 15, wherein said speed change regulation
means (171A) selects said intermediate speed gear
stage among the speed change gear stages of said
automatic transmission (170) in the case where
said throttle valve (15) is judged to have been stuck
at an opening angle position equal to or less than a
predetermined opening angle by said sticking judg-
ment means (70).

The control apparatus for a vehicle as set forth in
claim 16, wherein said speed change regulation
means (171A) selects said intermediate speed gear
stage among the speed change gear stages of said
automatic transmission (170) in the case where
said throttle valve (15) is judged to have been stuck
at an opening angle position equalto or less than a
second predetermined opening angle smaller than
said first predetermined opening angle by said
sticking judgment means (70).

The control apparatus for a vehicle as set forth in
claim 15, further comprising:

automatic transmission control means (171)
switchable to both an automatic speed change
mode which changes each speed change gear
stage of said automatic transmission (170) au-
tomatically and a manual speed change mode
which selects each speed change gear stage
of said automatic transmission (170) manually;
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wherein said speed change regulation means
(171A) selects said intermediate speed gear
stage in the case where said automatic trans-
mission control means (171) is in said automat-

change mode.

22. A method of controlling a vehicle equipped with
electronic throttle control means (15) for electrically

ic speed change mode and wherein said speed & driving a throttle valve (15) by drive means (154)

change regulation means (171A) also changes and an automatic transmission (170) having a plu-

a range of said intermediate speed gear stage rality of speed change gear stages, the method

toward the high speed side by at least one comprising:

stage and selects the changed intermediate

speed gear stage, in the case where said auto- 10 judging whether or not said throttle valve (15)

matic transmission control means (171) is in is stuck; and

said manual ) speed change mode. inhibiting use of a predetermined gear stage

among the speed change gear stages of said
20. The control apparatus for a vehicle as set forth in automatic transmission (170) in the case where
claim 15, further comprising: 15 said throttle valve is judged to be stuck.

automatic transmission control means (171)
switchable to both an automatic speed change
mode which changes each speed change gear
stage of said automatic transmission (170) au- 20
tomatically and a manual speed change mode
which selects each speed change gear stage
of said automatic transmission (170) manually;
wherein said speed change regulation means
(171A) selects said intermediate speed gear 25
stage in the case where said automatic trans-
mission control means (171) is in said autornat-
ic speed change mode and wherein said speed
change regulation means (171A) also changes
a range of said intermediate speed gear stage 30
toward the low speed side by at least one stage
and selects the changed intermediate speed
gear stage, in the case where said automatic
transmission control means (171) is in said
manual speed change mode. 35

21. The control apparatus for a vehicle as set forth in
claim 15, further comprising:

automatic transmission control means (171) 40
switchable to both an automatic speed change
mode which changes each speed change gear
stage of said automatic transmission (170) au-
tomatically and a manual speed change mode
which selects each speed change gear stage 45
of said automatic transmission (170) manually;
wherein said speed change regulation means
(171A) selects said intermediate speed gear
stage in the case where said automatic trans-
mission control means (171) is in said automat- 50
ic speed change mode and wherein said speed
change regulation means (171A) also changes
a range of said intermediate speed gear stage
toward the low speed side and/or the high
speed side by at least one stage and selects 55
the changed intermediate speed gear stage, in
the case where said automatic transmission
control means (171) is in said manual speed
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FIG. 4
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FIG. 5
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