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7 ABSTRACT

An output state detecting apparatus is arranged to detect a
reaction torque of a motor and detect an output state of an
internal-combustion engine from the reaction torque. The
apparatus comprises an internal-combustion engine, a gen-
erator driven by the internal-combustion engine to generate
electric power, torque detecting means for detecting a reac-
tion torque of this generator, and output state detecting
means for detecting an output state of the internal-
combustion engine. The output state detecting means detects
the output state of the internal-combustion engine, based on
the reaction torque of the motor detected by the torque
detecting means.

20 Claims, 15 Drawing Sheets
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Fig.5
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Fig.9
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OUTPUT STATE DETECTOR FOR
INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to an apparatus for detecting
output state of internal-combustion engine.

BACKGROUND ART

Cars equipped with an engine and a motor-generator
(functioning as a motor or as a generator), e.g., so-called
hybrid cars are recently available for use. In such hybrid
cars, in order to run the engine in the efficient range of the
engine revolutions, the engine and the motor-generator are
connected via a planetary gear and the motor-generator is
controlled to maintain the engine speed (revolutions) at the
efficient revolutions.

DISCLOSURE OF THE INVENTION

The inventors found that in the cars having the engine and
the motor-generator it was difficult to detect an output state
of the internal-combustion engine, based on the angular
velocity of rotation thereof, because the motor-generator
was designed to control the angular velocity of rotation of
the output shaft of the engine to a substantially constant
level.

Accordingly, an object of the present invention is to
provide output state detecting apparatus that can detect an
output state of an internal-combustion engine, in vehicles
and others having the internal-combustion engine and the
motor.

For example, there is the technique disclosed in Japanese
Patent Application Laid-Open No. H02-49955, as a device
for detecting misfiring (the output state of the internal-
combustion engine) in cylinders of the internal-combustion
engine due to trouble in the fuel valve and/or the ignition
system. This technique is to detect the angular velocity of
rotation of the output shaft of the engine and determine an
abnormal cylinder suffering misfiring, based on anomaly of
angular velocity. However, since the engine speed is con-
trolled by the motor-generator in the cars having the engine
and the motor-generator as described above, it is hard to
detect the combustion state (output state), based on the
engine speed, as in this technique.

As another technique, the fuel quality is detected in order
to run the internal-combustion engine stably and reduce
pollutant components in exhaust gas emitted. Since the
output of the internal-combustion engine can vary depend-
ing upon change of the fuel quality, the fuel quality can be
regarded as one of output states of the internal-combustion
engine. For example, the device described in Japanese
Patent Application Laid-Open No. H09-256898 is known as
a fuel quality detecting device. The fuel quality detecting
device described in No. H09-256898 is designed to deter-
mine the fuel quality, based on change of the engine speed
during driving auxiliary accessory devices.

When the fuel quality is heavy and when the fuel attaches,
for example, to the internal wall of the intake pipe (intake
port) upon a cold start, the attaching fuel becomes resistant
to evaporation. Unless the fuel quality is detected and unless
fuel injection quantity is corrected based on the result of the
detection, the air-fuel ratio will tend to become lean. This
will lead to instable output and running states of the internal-
combustion engine and/or to increase in the amount of
pollutant substances in the exhaust gas.
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However, since the engine speed is controlled by the
motor-generator in the cars having the engine and the
motor-generator (for driving of road wheels and for power
generation), variation of engine speed is very small and it is
considerably difficult to determine the fuel quality from the
variation of engine speed.

An output state detecting apparatus according to the
present invention comprises an internal-combustion engine,
a generator driven by the internal-combustion engine to
generate electric power, torque detecting means for detect-
ing a reaction torque of the generator, and output state
detecting means for detecting an output state of the internal-
combustion engine, wherein the output state detecting
means detects the output state of the internal-combustion
engine, based on the reaction torque of the motor detected by
the torque detecting means.

Since the motor generates electric power while receiving
the output of the internal-combustion engine, the reaction
torque of the motor reflects the output of the internal-
combustion engine. Therefore, the present invention permits
the detection of the output state of the internal-combustion
engine based on the reaction torque of the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of main part of a
hybrid car equipped with an output state detecting apparatus
of internal-combustion engine according to the present
invention.

FIG. 2 is a schematic, structural diagram of a dividing
mechanism in the apparatus of FIG. 1.

FIG. 3 is an alignment chart to show the relation among
rotational speeds of components in the power dividing
mechanism of FIG. 2.

FIG. 4 is a flowchart to show combustion state detecting
operation of the output state detecting apparatus of internal-
combustion engine according to the present invention.

FIG. 5 is a flowchart to show combustion state detecting
operation of the output state detecting apparatus of internal-
combustion engine according to the present invention.

FIG. 6 is a graph to show temporal variation of engine
torque.

FIG. 7 is a flowchart to show fuel quality detecting
operation (in a steady state of the engine) the output state
detecting apparatus of internal-combustion engine according
to the present invention.

FIG. 8 is a flowchart to show computation processing of
fuel injection quantity TAU upon starting.

FIG. 9 is a flowchart to show computation processing of
fuel injection quantity TAU after starting.

FIG. 10 is a flowchart to show a calculation routine of
warm-up and high-load correction factor FWLOTP.

FIG. 11 is a flowchart to show a calculation routine of
increase correction factor FASE after starting.

FIG. 12 is a flowchart to show a calculation routine of
air-fuel ratio feedback correction factor FAF.

FIG. 13 is a timing chart to show changes of output A/F
from an air-fuel ratio sensor, delay counter CDLY, air-fuel
ratio flag F1, and air-fuel ratio feedback correction factor
FAF.

FIG. 14 is a flowchart to show a calculation routine of
wall-attaching fuel correction factor FMW.

FIG. 15 is a flowchart to show fuel quality detecting
operation (in a transient state of the engine) of the output
state detecting apparatus of internal-combustion engine
according to the present invention.
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BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention will be described hereinafter in
more detail with reference to the accompanying drawings.
FIG. 1 shows the structure of a car having an output state
detecting apparatus of the present invention.

This car is a so-called hybrid car having an engine 1 being
an internal-combustion engine, and a motor-generator (MG)
2, as its power sources. This car also has a motor-generator
(MG) 3 for generating electric power while receiving output
of the engine 1. These engine 1, MG 2, and MG 3 are
connected to each other by a power divider 4. The power
divider 4 divides the output of the engine 1 between MG 3
and drive wheels 5. The power divider 4 also has the
function of transmitting output from MG 2 to the drive
wheels 5 and the function as a transmission (gear ratio
changer) of drive force which is transmitted via reduction
unit 7 and drive shaft 6 to the drive wheels 5. The power
divider 4 will be detailed later.

MG 2 is an AC(alternating-current) synchronous motor
and is driven by AC power. An inverter 9 converts electric
power charged in battery 8 from DC to AC to supply AC
power to MG 2, and also converts the electric power
generated by MG 3 from AC to DC to charge it in the battery
8. Basically, MG 3 also has the structure almost identical to
the structure of MG 2 and thus has the structure as an AC
synchronous motor. MG 2 mainly functions to output the
drive power, while MG 3 mainly functions to generate the
electric power while receiving the output of the engine 1.

Although MG 2 mainly functions to generate the drive
power, it can also generate electric power (regenerative
power generation) by making use of rotation of the drive
wheels 5 and thus can also function as a generator. At this
time, the brake (regenerative brake) is applied to the drive
wheels 5 and thus it can be used in combination with the foot
brake (oil brake) and engine brake to stop the car. On the
other hand, MG 3 mainly functions to generate the electric
power while receiving the output of the engine 1, but can
also function as an electric motor that receives the power
from the battery 8 through the inverter 9 to drive.

The crankshaft 15 of engine 1 is equipped with a crank
position sensor 21 for detecting the piston positions and the
rotational speed of engine 1. The crank position sensor 21 is
connected to engine ECU 11. On each of drive shafts of MG
2 and MG 3, a rotation sensor (resolver) 22, 23 is mounted
to detect the rotational position and speed of each MG. The
rotation sensors 22, 23 are connected each to motor ECU 12.

The power divider 4 described above is shown together
with the engine 1, MG 2, and MG 3 in FIG. 2. Since the
power divider 4 herein is comprised of a planetary gear unit,
the power divider 4 will also be called hereinafter planetary
gear unit 4. The planetary gear unit 4 is composed of a sun
gear 4a, planetary gears 4b disposed around this sun gear 4a,
a ring gear 4¢ disposed further outside the planetary gears
4b, and a gear carrier 4d holding the planetary gears 4b.

Here the crankshaft 15 of engine 1 is coupled through
damper 16 to a center shaft 17 and this center shaft 17 is
coupled to the gear carrier 4d. Namely, the output of engine
1 enters the gear carrier 44 of the planetary gear unit 4. MG
2 has a stator 2a and a rotor 2b inside and this rotor 2b is
coupled to the ring gear 4¢. The rotor 2b and ring gear 4c¢ are
further coupled to a first gear 7a of the reduction unit 7.

The reduction unit 7 consists of first gear 7a, torque
transfer chain 7b, second gear 7c, third gear 7d, and final
gear 7e. Namely, the output of motor 2 is supplied to the ring
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gear 4c¢ of the planetary gear unit 4 and is transmitted
through the reduction unit 7 and differential gear 18 to the
drive shaft 6. Consequently, MG 2 is always connected to
the axle shaft 6.

MG 3, similar to MG 2, has a stator 3a and a rotor 3b
inside, and this rotor 3b is coupled to the sun gear 4a.
Namely, the output of engine 1 is divided by this planetary
gear unit 4 to be supplied through the sun gear 4a to the rotor
3b of MG 3. The output of engine 1 is divided by this
planetary gear unit 4 to be able to be transmitted through the
ring gear 4c¢ etc. to the drive shaft 6, too.

Here the whole of planetary gear unit 4 can be used as a
continuously-variable transmission by controlling the rota-
tion of the sun gear 4a, based on control of power generated
by MG 3. Namely, the output of engine 1 or (and) MG 2 is
first subjected to speed conversion in the planetary gear unit
4 and is then supplied to the drive shaft 6. It is also feasible
to control the engine speed of the engine 1 by controlling the
power generated by MG 3 (or power consumption when
MG3 functions as a motor). In this example, control is made
to maintain the rotational speed of engine 1 in the range of
good energy efficiency.

FIG. 3 is an alignment chart to show a balance among
rotational speeds and directions of the respective gears in the
planetary gear unit 4 (i.e., rotational speeds and directions of
the engine 1, MG 2, and MG 3 connected to the respective
gears). Here the vertical axis represents the rotational speeds
of the respective gears (sun gear 4a, ring gear 4c, and gear
carrier 4d), i.e., the rotational speeds of the engine 1, MG 2,
and MG 3. On the other hand, the horizontal axis represents
the gear ratio of the gears. Where a ratio of the number of
teeth of the sun gear 4a to the number of teeth of the ring
gear 4c¢ is p, the axis corresponding to the gear carrier 4d in
FIG. 3 is located at a coordinate position obtained by
internal division between the axes of the sun gear 4q and the
ring gear 4c¢ at the ratio of 1:p. Then the following relation
is met by the rotational speed Ne of the engine 1 and the gear
carrier 4d, the rotational speed Nm of MG 2 and the ring
gear 4¢, and the rotational speed Ng of MG 3 and the sun
gear 4a.

1+p

No=N (9]
¢ = Ny = (Np = Ne)——
P

During a standstill of the engine 1 in a car stop state MG
2 and MG 3 are also at a standstill and are thus in the state
indicated by a line A in FIG. 3. During a starting period or
during a low speed cruise, the property of MG 2 capable of
generating high torque in a low rotation condition is utilized
and the engine 1 is kept at a standstill, whereby only MG 2
is operated by the power from the battery 8 to drive the car
(line B). In the hybrid cars, immediately after the starter key
is turned on, the engine 1 is activated for a certain period
even in the car stop condition for the purpose of warm-up of
catalyst. During the engine start period in this car stop
condition MG 2 is at a standstill and MG 3 is used as a starter
to activate the engine 1, thereby implementing the engine
starting (line C).

During a constant speed cruise the power of engine 1 is
mainly utilized to drive the car, MG 3 is little rotated (it
generates almost no power), and MG 2 is activated if
necessary to assist the driving force (line D). During a
high-load cruise, e.g., during acceleration from the constant
speed cruise, the speed of engine 1 is increased and MG 3
generates power to increase the assist force of MG 2, thereby
implementing operation making use of the driving forces of
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the engine 1 and MG 2 (line E). During a braking period and
during deceleration MG 2 generates regenerative power with
converting Kkinetic energy into electric power. On such
occasions that the charge of the battery 8 is low, the engine
1 is activated even during a low-load cruise whereby MG 3
generates electric power by utilizing the output of engine 1,
thereby charging the battery 8 through the inverter 9.

The control of rotational speeds of MG 2, MG 3 is
implemented in such a way that the motor ECU 12 controls
the inverter 9 with reference to the output of the rotation
sensors 22, 23. This also permits control of the rotational
speed of the engine 1.

These control operations are performed by some elec-
tronic control units (ECUs) (see FIG. 1). The drive by the
engine 1 and the electric drive by MG 2 and MG 3,
characteristic of the hybrid car, are generally controlled by
the main ECU 10. The main ECU 10 makes a balance
between the drive by the engine 1 and the electric drive by
MG 2 and MG 3 so as to optimize energy efficiency and
issues each control command to control the engine 1, MG 2,
and MG 3, to the engine ECU 11 and to the motor ECU 12.

The engine ECU 11 and motor ECU 12 also transmit
information on the engine 1, MG 2, and MG 3 to the main
ECU 10. Also connected to the main ECU 10 are a battery
ECU 13 for controlling the battery 8 and a brake ECU 14 for
controlling the brakes. The battery ECU 13 monitors the
charge condition of the battery 8, and if the charge becomes
short it will issue a charge request command to the main
ECU 10. Receiving the charge request, the main ECU 10
performs control of making the generator 3 generate electric
power to charge the battery 8. The brake ECU 14 takes
charge of braking of the car and, together with the main ECU
10, controls the regenerative brake by MG 2.

‘When neither of the output torque Te of the engine 1, the
output torque Tm of MG 2, and the reaction torque Tg by
power generation of MG 3 is null and when they are in
balance (in a steady state), the following relations are met.

1 2
oLy @
1+p
P 3
T, =——T,
g 1+p ¢

The reaction torque described above is a reaction caused by
MG 3 during power generation. Since Tg normally acts in
the reverse direction to Te and Tm, it takes negative values.

When the three torques are out of balance on the other
hand, the rotational speed of each component varies accord-
ing to a difference from torque in a balanced state. At this
time, where me represents the angular velocity of rotation of
the engine 1, wg the angular velocity of rotation of MG 3,
and Ie and Ig their moments of inertia including gears, the
following equation holds.

@

For the moments of inertia Ie, Ig numerical values thereof
are preliminarily obtained by experiments and stored in
ROM in the main ECU 10, and the values are taken out of
the ROM to be used. The angular velocity we of rotation of
the engine 1 is detected by the crank position sensor 21. The
angular velocity wg of rotation of MG 3 is detected by the
rotation sensor 23.

The output state detecting operation of the engine 1 in the
hybrid car of the structure described above will be described
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below. First described is a case of detecting a combustion
state as an output state of the internal-combustion engine.
FIG. 4 is a flowchart of this combustion state detecting
operation. The processing based on this flowchart is carried
out only during operation of the engine 1.

In step S11 it is first determined whether the engine was
started immediately before the present time. When the
present time is within a predetermined period from the start,
the flow transfers to step S12 to determine whether a fixed
time has elapsed since a rise of the engine speed Ne. The
reason is that during the period before a sufficient rise of the
engine speed Ne or during a short period after the rise,
warming-up is under way or MG 3 is working as a starter to
rotate the engine 1, and combustion in the engine 1 is not
stable yet, thus requiring no judgment on misfiring.
Therefore, before a lapse of the fixed time, the processing
thereafter is skipped to end the operation.

After a lapse of the fixed time, the flow moves to step S13
to compare the detected reaction torque Tg of MG 3 with
balanced reaction torque Tgreq. The balanced reaction
torque Tgreq is a reaction torque that, in such an operating
state of the engine 1 as to output an engine required torque
Tereq requested of the engine 1, is generated by MG 3 in a
balanced state with the required torque Tereq. This will be
detailed below.

The main ECU 10 calculates the respective required
torques Tereq, Tmreq of the engine 1 and MG 2 with
reference to vehicle speed, battery capacity, auxiliary output,
etc. at that point, based on driver’s operation on the accel-
erator pedal. Further, the ECU determines the respective
rotational speeds Ne, Nm of the engine 1 and MG 2 to meet
these required torques Tereq, Tmreq. At this time the ECU
also determines the rotational speed Ng of MG 3 from Eq
(1). Then the main ECU 10 controls the motor ECU 12 to
control amplitudes and frequencies of electric currents flow-
ing through the inverter 9 to MG 2, MG 3, thereby regulating
the rotational speeds Nm, Ng of MG 2, MG 3. By this
control the rotational speed of the engine 1 can also be
adjusted to a predetermined rotational speed.

At this time, if the combustion state of the engine 1 is
stable, the actual output torque Te of the engine 1 will agree
with the required torque Tereq. However, if the combustion
state of the engine 1 is unstable with misfiring or the like, the
actual output torque Te will become lower than the required
torque Tereq. At this time, an absolute value of the reaction
torque Tg of MG 3 becomes smaller than an absolute value
of the balanced torque Tgreq with the required torque Tereq
of the engine 1.

Accordingly, whether a judgment on misfiring is feasible
or not is judged by comparison between them. The reaction
torque Tg can be calculated from the rotational speed of MG
3 measured by the rotation sensor 23 and the electric power
generated by MG 3. Alternatively, MG 3 may be provided
with a torque sensor. When the absolute value of the reaction
torque Tg calculated from the rotational speed of MG3 and
the generated power by MG 3 is smaller than the absolute
value of the balanced reaction torque Tgreq in balance with
the required torque Tereq of the engine 1, the flow moves to
step S19 to determine that misfiring occurred; otherwise, the
processing thereafter is skipped to end the operation.

If a sufficient time has elapsed since the start of the engine
1, the flow transfers to step S14 to determine whether the
engine is under self-sustaining operation. Here the self-
sustaining operation of the engine is a state in which the
rotational speed of the engine 1 is not controlled by MG 3,
and the speed of engine 1 is controlled by the engine ECU
11 as in the case of the engines mounted on common cars.
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Since the processing in the following steps S15 to S17 is
specific processing carried out during the control of rota-
tional speed of engine 1 by MG 3, these procedures are
skipped during the self-sustaining operation of the engine to
jump the step S18.

When the engine 1 is not under the self-sustaining
operation, the flow moves to step S15. In step S15, a
judgment is made on a controlled variable in the control of
the rotational speed of MG 3. For example, in use of PID
control, a judgment is made on a change of controlled
variable of the component P. When the controlled variable of
the component P exhibits a rapid change, the status is that a
rapid change is also made in the rotational speed of MG 3
and, in turn, in the rotational speed and output torque of the
engine 1 per se. When the controlled variable of the com-
ponent P demonstrates a rapid change, variation is great in
the rotational speed of MG 3 (i.e., in the rotational speed and
output torque of the engine 1). For this reason, regardless of
presence/absence of misfiring, the variation cannot be used
for the judgment on misfiring. Accordingly, when the con-
trolled variable exhibits a rapid change, the processing
thereafter is skipped. The misfire judgment is not done.
When the change of the controlled variable is small, the flow
transfers to step S16.

In step S16 the reaction torque Tg is compared with a
threshold Tgx. With occurrence of misfiring, as described
previously, the absolute value of the output torque Te of the
engine 1 becomes smaller and the absolute value of the
reaction torque Tg of MG 3 also becomes smaller.
Therefore, when the absolute value of the reaction torque Tg
is smaller than the absolute value of the threshold Tgx, it is
determined that the possibility of misfiring is high and the
flow goes to step S17; otherwise, it is determined that the
combustion state is stable, and the processing thereafter is
skipped. Here the threshold Tgx can be calculated based on
Eq (3) if the rotational speeds of the engine 1 and MG 3 are
stable (in a steady state) or based on Eq (4) if the rotational
speeds of the engine 1 and MG 3 are changing (in a transient
state).

‘When step S16 ends in yes with the judgment of the high
possibility of misfiring, the rotational speed of the engine 1
is referenced in step S17 and step S18 in order to make a
better judgment on presence/absence of misfiring. At this
stage, the engine 1 is not in the self-sustaining operation and
the rotational speed thereof is controlled by MG 3. Thus the
engine 1 is in a state in which variation of rotation is small
due to misfiring. For this reason, in step S17 the threshold
for the rotation variation used in the judgment in next step
S18 is set to a value lower than the threshold during the
self-sustaining operation of the engine.

Next, the processing in step 18 is carried out as follows.
First, in step S18 after yes of step S14, it is determined
whether the rotation variation is not less than the threshold
of rotation variation for the self-sustaining operation of the
engine 1. When the rotation variation is not less than the
threshold, the flow moves to step S19 to make a judgment
of misfiring.

On the other hand, in step S18 after yes of step S16 and
after the change of the rotation variation threshold in step
S17, it is determined whether the rotation variation is not
less than the rotation variation threshold for the engine 1 not
being in the self-sustaining operation. When the rotation
variation is not less than the threshold, the flow transfers to
step S19 to make a judgment of misfiring. If the frequency
of occurrence of misfiring is high in comparison with the
number of cycles of the engine 1, the main ECU 10 displays
the fact in a meter display system and terminates the
processing.
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The determination process of step S16 may be replaced by
a determination process similar to step S13. Since the
determination process of step S13 is to make a judgment
based on the required torque Tereq of the engine 1, it has the
advantage of capability of making stable determination from
immediately after the start of engine 1.

The above operation is arranged to determine in step S14
whether the engine 1 is now under the self-sustaining
operation, but the operation may be modified so that the
engine 1 is forced into the self-sustaining operation at every
predetermined time or in a cycle after detection of misfiring.
In these cases, since the control of the rotational speed of the
engine 1 by MG 3 is terminated, the misfiring of the engine
1 can be detected based on only the variation in rotation.

During the control of rotation of the engine 1 by MG 3,
the judgment on misfiring may be made, not using the
rotation variation of the engine 1, but using only the detec-
tion of the torque variation in step S16 or in step S13. When
instable combustion, though not leading to complete
misfiring, occurs continuously, shortage of torque appears
noticeable whereas the variation in the speed of engine 1 is
small. Such continuous instable combustion can be detected
by detecting the variation in torque.

The apparatus may be configured to store in the main
ECU 10 a map of thresholds Tgx of reaction torque accord-
ing to rotational speeds Ne of the engine 1 and rotational
speeds Ng of MG 3 during constant speed cruises and
perform the determination process of step S16 using this
map. Likewise, the apparatus may be arranged to correct
these values of the map during acceleration/deceleration to
obtain the threshold Tgx and carry out the determination
process based thereon.

When the engine 1 is not in the self-sustaining operation,
the rotation variation of the engine 1 is relieved by the
control by MG 3. Therefore, if the same threshold of rotation
variation as that in the self-sustaining operation were used,
a judgment could not be made even with occurrence of
misfiring. In the present invention, the threshold for the
judgment on the rotation variation of the engine 1 is lowered
in that case whereby an accurate judgment can be made even
under the relieved condition. Since the rotation variation of
engine 1 responds quicker to occurrence of misfiring than
the torque variation, the accuracy is higher for detection of
a single misfire. Accordingly, it is preferable to use the both,
but only either one of them may also be used for the
judgment on misfiring.

The various thresholds, e.g. Tgx, Tgreq, the threshold for
rotation variation, etc., vary depending upon the atmo-
spheric pressure, cooling water temperature of the internal-
combustion engine, intake air flow, engine speed, air-fuel
ratio, ignition timing, fuel quality, electric power generated
by the generator or output of the generator, and so on. It is
thus preferable to change the thresholds, using one or a
combination of these as a parameter. This makes it feasible
to make the accurate misfiring determination, regardless of
the operational status. When the power divider such as the
planetary gear 4 as described above is employed, a power
division state of the power divider may also be added to the
above parameters.

The atmospheric pressure is detected by an atmospheric
pressure sensor 24. The cooling water temperature is
detected by a cooling water temperature sensor 25 mounted
on the engine 1. The intake air flow is detected from the
pressure in the intake pipe, which is detected by a pressure
sensor 27 mounted on the intake pipe 30. Alternatively, the
intake air flow may be detected by an air flow meter
mounted on the intake pipe 30 of the engine 1. The engine
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speed is detected by the crank position sensor 21. The
air-fuel ratio is detected by an air-fuel ratio sensor 26
provided on the exhaust pipe 31 of the engine 1.

Since ignition of ignition plugs 29 of the engine 1 is
implemented by sending ignition signals from the engine
ECU 11 to ignition coils 28, the ignition timing can be
detected by the ECU 11, based on the output of the crank
position sensor 21. The detection of the fuel quality will be
detailed later. The generated electric power or output of MG
3 is detected by the motor ECU 12. The power division state
can be detected by the engine ECU 11 controlling the driving
state of the planetary gear unit 4.

As described above, the output torque Te of the engine 1
can be calculated from the reaction torque Tg of MG 3, by
making use of the predetermined relations such as Eqs (3),
(4) between the output torque Te of the engine 1 and the
reaction torque Tg of MG 3. If there occurs a change in the
combustion state due to misfiring or the like, the output
torque Te of the engine 1 will vary. Therefore, the combus-
tion state can be determined from the change in the output
torque Te of the engine 1 and the combustion state can be
eventually determined from the reaction torque Tg of MG 3.

The change in the combustion state leads to change in the
speed of the engine 1. When the combustion state varies
from the normal combustion state, the output torque Te of
the engine 1 differs even at the same rotational speed.
Accordingly, the determination can be made more accu-
rately by also using the speed of the engine 1 for the
determination of the combustion state.

Since the output torque Te of the engine 1 varies accord-
ing to the speed of the engine 1, the control over the output
torque Te of the engine 1 can be performed by controlling
the speed of the engine 1. A target value (required torque
Tereq) of the output torque Te on the engine 1 side at this
time can be calculated from the controlled speed. Then the
actual output torque Te of the engine 1 can be calculated
from the reaction torque Tg of MG 3 as described previ-
ously. In the normal combustion state the actual output
torque Te agrees with the required torque Tereq, but with
occurrence of abnormal combustion the actual output torque
Te will become smaller than the required torque Tereq. For
this reason, it is feasible to determine the combustion state
by comparing the two torques.

In the self-sustaining state of the engine 1 the rotation of
the engine 1 is free of control from the outside of the engine.
Therefore, change in the combustion state of the engine 1
results in variation in the speed of the engine 1, and it thus
becomes feasible to determine the combustion state from
only the variation in the speed of the engine 1.

If there is a difference in the various parameters affecting
the operational state of the engine 1, e.g., in the atmospheric
pressure, cooling water temperature of engine 1, intake air
flow, engine speed, air-fuel ratio, ignition timing, fuel
quality, electric power generated by MG 3, output of MG 3,
etc., the output torque yielded will differ even at the same
rotational speed. Since tolerances also vary for stability of
combustion, it becomes feasible to finely adapt for the
difference of the operational state, by changing the various
thresholds such as Tgx, Tgreq, the threshold for rotation
variation, etc. upon the determination.

When a controlled variable in the speed control of the
engine 1 is not less than a predetermined level, a deviation
of the speed Ng of MG 3 is great from the target speed. In
this case, a rapid change is seen in the speed Ng of MG 3
and, in turn, in the speed Ne of the engine 1 with execution
of control. Then the output torque Te of the engine 1 also
exhibits a rapid change therewith. Accordingly, where the
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determination of the combustion state is made by use of
either the speed change or the torque change, it is difficult to
accurately detect the change of the combustion state because
of the great change in the speed or the torque with the
control. Therefore, it is preferable to halt the determination
of the combustion state.

While the speed Ng of MG 3 is under the PID control, a
large change in the component P means a large deviation of
the rotational speed Ng of MG 3 from the target speed. Since
the change of the component P can be detected relatively
easily, it is preferable in the case of the large change of the
component P during the PID control, to assume that the
controlled variable in the control of speed of the engine 1 as
described above is not less than the predetermined value.

When the control of the speed of the engine 1 by the
control of rotation of MG 3 is halted, variation appears in the
speed of the engine 1 according to the variation in the
combustion state of the engine 1. Accordingly, during the
halt of the control over the speed of engine 1 by MG 3, it is
feasible to determine the variation in the combustion state
from this variation in the speed of the engine 1.

Next described is a case of detecting the combustion state
of each cylinder as an output state of the internal-
combustion engine. FIG. 5 is a flowchart of this combustion
control operation. The processing based on this flowchart is
carried out only during the operation of the engine 1.

First step S21 is a step of detecting the reaction torque Tg
and a cylinder in the combustion stroke. Here the reaction
torque Tg can be calculated from the speed of MG 3
measured by the rotation sensor and the electric power
generated by MG 3, by the motor ECU 12, as described
above. optionally, a torque sensor may be mounted on MG
3. The engine ECU 11 can determine the cylinder in the
combustion stroke, based on the output of the crank position
sensor 21. In step S22 the engine torque Te is then calculated
from the reaction torque Tg according to Eq (3) during the
steady operation (in the steady state) or according to Eq (4)
during variation in the speed of engine 1 (in the transient
state).

In subsequent step S23, the actual output torque Te of the
engine 1 is compared with the required torque Tereq of the
engine 1. The control of the speed of the engine 1 at this time
is just the same as described in step S13 in the above-stated
case illustrated in FIG. 4. In addition to the control of the
speed of the engine 1, the engine ECU 11 also controls a fuel
supply so as to realize a predetermined air-fuel ratio in
accordance with the required torque Tereq and the engine
speed Ne. However, if combustion conditions are different,
e.g., if there are variations of fuel supply among the
cylinders, there will appear a difference among torques
generated in the respective cylinders and this will eventually
result in variation in the engine torque.

FIG. 6 shows a temporal change curve of the output
torque Te of the engine 1 in a state wherein only the first
cylinder in the four-cylinder type engine 1 experiences rich
combustion in the steady state. The output torque Te of the
engine 1 with the rich-combustion cylinder being in the
combustion stroke is larger than those with the other cylin-
ders being in the combustion stroke, i.e., than the required
torque Tereq. When lean combustion occurs on the other
hand, the output torque Te becomes smaller. Accordingly, it
is feasible to determine the combustion state by comparing
the required torque Tereq with the actual output torque Te.

When in step S24 it is determined from the comparison
result that a certain cylinder is under rich combustion, an
fuel injection quantity correction factor of a corresponding
fuel injector is reduced so as to decrease the quantity of fuel
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introduced into the cylinder of interest. When it is deter-
mined on the other hand that a certain cylinder is under lean
combustion, the fuel injection quantity correction factor of
a corresponding fuel injector is increased so as to increase
the quantity of fuel introduced into the cylinder of interest.
The correction factor may be changed in proportion to the
torque difference or stepwise.

By controlling fuel supplies to the respective cylinders so
as to decrease the torque variation, the variations are nulli-
fied in air-fuel ratios among the cylinders and improvement
is made in exhaust emissions, because all the cylinders can
be operated in the stoichiometric region.

Described above was the case wherein the actual output
torque Te of the engine 1 was estimated from the reaction
torque Tg of MG 3 and the control was carried out based on
the comparison between this output torque Te and the
required torque Tereq. Particularly, since the reaction torque
Tg must be constant during the steady operation in which
there is no change in the accelerator pedal position, engine
speed, and intake air flow, the apparatus may be arranged to
determine a cylinder whose reaction torque Tg in the com-
bustion stroke deviates from an average of those in the
combustion stroke of the other cylinders and to change the
fuel injection quantity correction factor for that cylinder. A
change amount of the correction factor at this time can be
determined according to the deviation. Further, during the
operation with change in the accelerator pedal position,
engine speed, and intake air flow, the deviation can also be
estimated by referencing reaction torques Tg in the com-
bustion stroke of previous and subsequent combustion cyl-
inders.

The above mainly described the control to adjust the fuel
injection quantity, but it is also possible to adjust the intake
air flow or to adjust the air-fuel ratio itself by combination
of the two parameters. As another example, it is also feasible
to control the combustion state cylinder by cylinder, by
controlling the fuel injection timing and/or the ignition
timing.

In addition to the above, when the car is equipped with an
exhaust gas recirculation (EGR) system for recirculating
part of exhaust gas to the air intake side, as an example of
the combustion condition to be controlled, quantity of recir-
culated gas may be controlled. When the engine 1 is a
lean-burn internal-combustion engine such as a direct injec-
tion engine or the like, intake air patterns such as swirling,
tumbling, or the like may be controlled. When the engine is
an internal-combustion engine equipped with a variable
valve timing mechanism, the valve timing may be changed.

As described above, the output torque Te of the engine 1
can be calculated from the reaction torque Tg of MG 3, by
making use of the predetermined relations such as Eqs (3),
(4) between the output torque of the engine 1 and the
reaction torque Tg of MG 3. When the combustion state
changes because of misfiring, rich combustion, or the like,
the output torque Te of the engine 1 varies. The output torque
Te of each cylinder takes a peak value in the combustion
stroke. Therefore, the combustion state of each cylinder can
be determined from the output torque Te in the combustion
stroke. Since this output torque Te can be calculated from the
reaction torque Tg of MG 3, it eventually becomes feasible
to determine the combustion state of each cylinder from the
reaction torque Tg of MG 3 and the cylinder in the com-
bustion stroke.

The control described above makes it feasible to control
the combustion state toward a stable state by determining the
combustion state of each cylinder and thereafter adjusting
the combustion conditions in a cylinder judged as being in

20

25

40

45

12

an instable combustion state, e.g., by adjusting the air-fuel
ratio, fuel injection quantity, fuel injection timing, ignition
timing, or intake air flow. This suppresses the torque varia-
tion caused by dispersion of combustion states among the
cylinders.

Next described is a case of detecting the fuel quality as an
output state of the internal-combustion engine. A flowchart
of fuel quality determining processing is provided in FIG. 7.
The process of determining the fuel quality will be described
below along FIG. 7.

First, it is determined whether the engine 1 is in operation
(step 100). The “in operation of engine” stated herein means
“under combustion of engine” except during the halt of
engine and during cranking. When the engine 1 is in
operation, it is then determined whether the engine is in a
fuel cut period (step 101). Since during the fuel cut period
the fuel to be inspected is not burnt, it is impossible to
determine the fuel quality, as a matter of course.

Unless the engine is in a fuel cut period, it is determined
whether a condition for execution of engine rotation control
is met (step 102). The condition for execution of rotation
control is, specifically, that no control is effected over
quantity of power generation or discharge of MG 3, that a
request for self-sustaining operation (e.g., a request for
activation of air conditioner or a request for a rise of cooling
water temperature of engine) is not made to the engine 1, or
that the vehicle speed of the hybrid car is higher than a
predetermined vehicle speed. If the rotation control execu-
tion condition is met, the control of engine rotation is
executed in order to maintain the speed of engine 1 in a
predetermined region (step 103).

It is then determined whether a condition for determina-
tion of fuel quality is met (step 104). The condition for
determination of fuel quality herein is whether the engine is
in a warm-up mode immediately after cold starting. If the
fuel quality determination condition is met, the reaction
torque Tg of MG 3 is detected (step 105). The reaction
torque Tg of MG 3 is calculated from electric power
generated, which is read through the inverter 9 and via the
motor ECU 12 into the main ECU 10 from the electric power
generated by MG 3 (or power consumption when MG 3 is
working as a motor), and from the rotational speed of MG
3 detected by the rotation sensor 23.

Then the output torque Te of the engine 1 is calculated
using aforementioned Eq (3), from the reaction torque Tg of
MG 3 (step 106). Further, the operational state of the engine
1 is also judged based on at least one of the cooling water
temperature, intake air flow, engine speed, air-fuel ratio, and
ignition timing (or a combination of these), and the output
torque Te-cal of the engine 1 is also calculated from this
operational state (step 107).

Although the output torque Te-cal was calculated from the
operational state of the engine 1 herein, it is also possible to
perform control using a fixed value equivalent to the output
torque Te-cal, as a torque criterion.

Then a difference is calculated between the output torque
Te-cal calculated based on the operational state of the engine
1 and the output torque Te of the engine 1 calculated based
on the reaction torque Tg of MG 3, and it is determined
whether the difference is greater than a set reference pre-
liminarily set (step 108).

When the difference between output torque Te-cal and
output torque Te is larger than the set reference, the fuel
quality is heavy and thus it can be determined that the actual
output torque Te calculated from the reaction torque Tg of
MG 3 is lower than the output torque Te-cal estimated from
the operational state of the engine 1. When the fuel is judged





















