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(57) Abréegée/Abstract:
At the setting of a gearshift position to a D position or a P position (step $130) where damping control is performed with motors
MG1 and MG2 to reduce the vibration of an engine 22, the procedure adopts threshold values A1, B1, and C1 for detection of an
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(57) Abrege(suite)/Abstract(continued):

engine misfire (step $1380). At the setting of the gearshift position to an N position where the damping control is not performed, the
procedure adopts threshold values A2, B2, and C2, which are greater than the threshold values A1, B1, and C1, for detection of an
engine misfire (step S210). The threshold values used for engine misfire detection are thus changed over according to the

execution or non-execution of the damping control. This arrangement enables engine misfire detection by a simple series of
processing.
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Abstract

At the setting of a gearshift position to a D position
or a P position (step S130) where damping control is performed
with motors MGl and MG2 to reduce the vibration of an engine
22, the procedure adopts threshold values Al, Bl, and Cl for
detection of an engine misfire (step S180). At the setting
of the gearshift position to an N position where the dampilng
control is not performed, the procedure adopts threshold values
A2, B2, and C2, which are greater than the threshold values Al,
Bl, and Cl, for detection of an enginemisfire (step S210). The
threshold values used for engine misfire detection are thus
changed over according to the execution or non-execution of the
damping control. This arrangement enables engine misfire

detection by a simple series of processing.
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Description
Engine Misfire Detection Apparatus, Hybrid Vehicle Equipped

with the Same, and Engine Misfire Detection Method

Technical Field

[0001] The present invention relates to an engine misfire
detection apparatus, a hybrid vehicle equipped with the engine
misfire detection apparatus, and an engine misfire detection
method.

Background Art

[0002] One proposed engine misfire detection apparatus
for an internal combustion engine is mounted on a hybrid vehicle
that 1s driven with output powers from the engine and a motor
generator linked with a crankshaft of the engine (see, for

example, Patent Document 1). This prior art engine misfire
detection apparatus detects an engine misfire based on a torque
correction value during execution of damping control with the
motor generator, which corrects a torque command value with the
torque correction value for canceling out a torgue variation
of the engine. The prior art enginemisfire detection apparatus
detects an engine misfire based on a variation in rotation of
the engine during non-execution of the damping control with the
motor generator. This arrangement is expected to detect an
engine misfire with sufficient accuracy even during execution
of the damping control with the motor generator to reduce the

variation 1n rotation of the engine.
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Patent Document 1l: Japanese Patent Laid-Open Gazette No.

2001-65402

Disclosure of the Invention

[0003] The engine misfire detection apparatus disclosed
in the cited Patent Document 1 changes over the engine misfire
detection method according to execution or non-execution of the
damping control with the motor generator, between the engine
misfire detection based on the torque correction value of the
motor generator and the engine misfire detection based on the
variation in rotation of the engine, which requires input of
a different variable from the torque correction value. The
engine misfire detection methods respectively require the input
of specified measurement or detection values and the
computation of the input values. This causes a complicated
series of processing for the engine misfire detection.
[0004] In order to solve this problem of the prior art,
the present invention provides a technique that is actualized
by an engine misfire detection apparatus, a hybrid wvehicle
equipped with the engine misfire detection apparatus, oOr a
corresponding engine misfire detection method. There is a need
of enabling detection of a misfire in an internal combustion
engine without any complicated processing in a power output
apparatus that performs damping control with at least one of

a power generation unit and a motor to reduce the vibration otf
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the internal combustion engine.

[0005] At least part of the above and the other related
demands is attained by an engine misfire detection apparatus
of the invention having the configuration discussed below.
[0006] According to one aspect, the present invention 1is
directed to an engine misfire detection apparatus for detection
of amisfire in an internal combustion engine included 1n a power
output apparatus, where the power output apparatus includes the
internal combustion engine, a power generation unit that 1s
connected with an output shaft of the internal combustion engine
and utilizes at least part of output power from the internal
combustion engine to generate electric power, and a motor that
is capable of outputting power to a driveshaft.

The engine misfire detection apparatus includes:

a rotational position detection unit that detects a
rotational position of the output shaft of the internal
combustion engine;

a unit angle rotation time computation module that
computes a unit angle rotation time, which is required for
rotation of every preset unit rotational angle of the output
shaft of the internal combustion engine, from the detected
rotational position;

a damping control execution module that performs damping
control upon satisfaction of a predetermined condition, where
the damping control drives at least one of the power generation

unit and the motor to reduce vibration of the internal



CA 02608113 2007-11-08 -

Translation of PCT/JP07/052603

10

15

20

29

combustion engine caused by operation of the internal
combustion engine; and

an engine misfire detection module that detects an engine
misfire based on the computed unit angle rotation time and a
preset first threshold value during execution of the damping
control by the damping control execution module, while
detecting an engine misfire based on the computed unit angle
rotation time and a preset second threshold value that 1s
different from the first threshold value during non-executlion
of the damping control by the damping control execution module.
[0007] The engine misfire detection apparatus of the
invention detects an engine misfire based on the preset first
threshold value and the unit angle rotation time, which 1s
required for rotation of every preset unit rotational angle of
the output shaft of the internal combustion engine and 1is
computed from the detected rotational position, during
execution of the damping control that drives at least one of
the power generation unit and the motor to reduce the vibration
of the internal combustion engine caused by operation of the
internal combustion engine. The engine misfire detection
apparatus detects an engine misfire based on the computed unit
angle rotation time and the preset second threshold value that
is different from the preset first threshold value during
non-execution of the damping control. The threshold values
used for engine misfire detection are changed over according

to the execution or non-execution of the damping control. This
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arrangement enables engine misfire detection by a simple series
of processing, compared with the conventional engine misfire
detection apparatus of changing the engine misfire detection
method according to the execution or non-execution of the
damping control.

[0008] In one aspect of the engine misfire detection
apparatus of the invention, the damping control execution
module determines satisfaction of the predetermined condition
in response to selection of either a parking position or a drive
position as a gearshift position to perform the damping control.
The damping control execution module determines
dissatisfaction of the predetermined condition in response tO
selection of a neutral position as the gearshift position not
to perform the damping control. In general, neither the power
generation unit nor the motor is driven and controlled at the
neutral position. This arrangement thus utilizes the setting
of the gearshift position to readily identify executlon or
non-execution of the damping control.

[0009] In one preferable embodiment of the engine misfire
detection apparatus of the invention, the engine misfire
detection module detects an engine misfire when a rotation speed
of the driveshaft is equal to 0.

[0010] In one preferable embodiment of the engine misfire
detection apparatus of the invention, the engine misfire
detection module uses the second threshold value, which 1s

greater than the first threshold value, for detection of an
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engine misfire during non-execution of the damping control by
the damping control execution module. This arrangement

ensures accurate detection of a misfire in the internal

combustion engine.

[0011] In another preferable embodiment of the engine

misfire detection apparatus of the invention, the engine

misfire detection module detects a misfire of the internal
combustion engine in response to a predetermined angle
difference of the computed unit angle rotation time exceeding
the preset first threshold value during execution of the damping
control by the damping control execution module. The engilne
misfire detection module detects a misfire of the internal
combustion engine in response to the predetermined angle
difference of the computed unit angle rotation time exceeding
the preset second threshold value during non-execution of the
damping control by the damping control execution module. The
terminology of the 'predetermined angle difference of the unit
angle rotation time' in the specification hereof represents a
difference between a currently input unit angle rotation time
and a previous unit angle rotation time input a predetermined
angle before. The 'predetermined angle difference of the unit
angle rotation time exceeding the first threshold value or
exceeding the second threshold value' may be replaced by the
absolute value of the predetermined angle difference of the unit
angle rotation time exceeding the first threshold value or

exceeding the second threshold value. The engine misfire
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detection module may use at least one of a 720-degree difference,
a 360-degree difference, and a 120-degree difference of the
computed unit angle rotation time as the predetermined angle
difference for detection of an enginemisfire. It is preferable

3 to use at least two of the 720-degree difference, the 360-degree
difference. and the 120-degree difference of the computed unit
angle rotation time as the predetermined angle difference for
the enhanced accuracy of detection of a misfire in the internal
combustion engine.

10 [0012] The present invention is also directed to a hybrid
vehicle equipped with a power output apparatus and with an
engine misfire detection apparatus for detection of a misfire
in the internal combustion engine having any of the arrangements
described above. The power output apparatus includes the

15 internal combustion engine, a power generation unit that 1is
connected with an output shaft of the internal combustion engine
and utilizes at least part of output power from the internal
combustion engine to generate electric power, and a motor that
is capable of outputting power to a driveshaft. As described

20 above, the engine misfire detection apparatus enables detection
of a misfire in the internal combustion engine without any
complicated processing in the power output apparatus that
performs the damping control with at least one of the power
generation unit and the motor to reduce the vibration of the

25 internal combustion engine. The hybrid vehicle equipped with

such an engine misfire detection apparatus exerts the same
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effects.

[0013] According to another aspect, the present invention
is directed to an engine misfire detection method for detection
of amisfire in an internal combustion engine included 1n a power
output apparatus, where the power output apparatus includes the
internal combustion engine, a power generation unit that 1s
connected with an output shaft of the internal combustion engine
and utilizes at least part of output power from the internal
combustion engine to generate electric power, and a motor that
is capable of outputting power to a driveshaft.

The engine misfire detection method includes:

detecting a rotational position of the output shaft of
the internal combustion engine;

computing a unit angle rotation time, which is required
for rotation of every preset unit rotational angle of the output
shaft of the internal combustion engine, from the detected
rotational position; and

detecting an engine misfire based on the computed unit

angle rotation time and a preset first threshold value during
execution of damping control, which is performed upon

satisfaction of a predetermined condition and drives at least
one of the power generation unit and the motor to reduce

vibration of the internal combustion engine caused by operation
of the internal combustion engine, while detecting an engine
misfire based on the computed unit angle rotation time and a

preset second threshold value that is different from the preset
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first threshold value during non-execution of the damping
control.

[0014] The engine misfire detection method of the
invention detects an engine misfire based on the preset first
threshold value and the unit angle rotation time, which 1s
required for rotation of every preset unit rotational angle of
the output shaft of the internal combustion engine and 1s
computed from the detected rotational position, during
execution of the damping control that drives at least one of
the power generation unit and the motor to reduce the vibration
of the internal combustion engine caused by operation of the
internal combustion engine. The engine misfire detection
method detects an engine misfire based on the computed unit
angle rotation time and the preset second threshold value that
is different from the preset first threshold value duriling
non-execution of the damping control. The threshold values
used for engine misfire detection are changed over according
to the execution or non-execution of the damping control. This
arrangement enables engine misfire detection by a simple series
of processing, compared with the conventional procedure of
changing the engine misfire detection method according to the
execution or non-execution of the damping control. The engine
misfire detection method of the invention may adopt any of the
various arrangements of the engine misfire detection apparatus
described above or may include any additional step for

actualizing any of the various functions of the engine misfire
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detection apparatus described above.

Brief Description of the Drawings

[0015] Fig. 1 schematically illustrates the configuration

of a hybrid vehicle 20 in one embodiment of the invention;
Fig. 2 is a flowchart showing an engine misfire detection

routine executed in a vehicle stop state by an engine ECU 24;
Fig. 3 is a chart showing a variation in 360-degree

difference A360 in a single misfire state at a D position;

Fig. 4 is a chart showing a variation in 360-degree
difference A360 in the single misfire state at an N position;

Fig. 5 schematically illustrates the configuration of
another hybrid vehicle 120 in one modified example; and

Fig. 6 schematically illustrates the configuration of

still another hybrid vehicle 220 in another modified example.

Best Modes of Carrying Out the Invention

[0016] One mode of carrying out the invention is described
below as a preferred embodiment with reference to the
accompanied drawings.

[0017] Fig. 1 schematically illustrates the configuration
of a hybrid vehicle 20 equipped with a power output apparatus
in one embodiment of the invention. As illustrated, the hybrid
vehicle 20 of the embodiment includes an engine 22, a three
shaft-type power distribution integration mechanism 30 that 1is

linked to a crankshaft 26 or an output shaft of the engine 22

10
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via a damper 28, a motor MGl that is linked to the power
distribution integration mechanism 30 and has power generation
capability, a reduction gear 35 that 1is attached to a ring gear
shaft 32a or a driveshaft connected to the power distribution
integration mechanism 30, a motor MG2 that 1is linked with the
reduction gear 35, and a hybrid electronic control unit 70 that
controls the operations of the whole power output apparatus.
[0018] The engine 22 is a six-cylinder internal combustion
engine that consumes a hydrocarbon fuel, such as gasolline or
light oil, to output power. An engine electronic control unit
(hereafter referred to as engine ECU) 24 inputs signals
representing the operating conditions of the engine 22 from
various sensors and performs operation control of the engine
22 including fuel injection control, ignition control, and
intake air flow regulation. The engine ECU 24 is constructed
as a microprocessor including a CPU 24a, a ROM 24b that stores
processing programs, a RAM 24c that temporarily stores data,
input and output ports (not shown), and a communication port
(not shown). The engine ECU 24 inputs signals from various
sensors that measure and detect the operating conditions of the
engine 22, for example, a crank position from a crank position
sensor 26a detected as the rotational position of the crankshaft
26. The engine ECU 24 communicates with the hybrid electronic
control unit 70. The engine ECU 24 controls the operations of
the engine 22 in response to control signals input from the

hybrid electronic control unit 70, while outputting data

11
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regarding the operating conditions of the engine 22 to the
hybrid electronic control unit 70 according to the regquirements.
The engine misfire detection apparatus for the internal
combustion engine is mainly attained by the engine ECU 24 in
o> thilis embodiment.
[0019] The power distribution integration mechanism 30
includes a sun gear 31 as an external gear, a ring gear 32 as
an internal gear arranged concentrically with the sun gear 31,
multiple pinion gears 33 engaging with the sun gear 31 and with
10 the ring gear 32, and a carrier 34 holding the multiple pinion
gears 33 to allow both their revolutions and their rotations
on their axes. The power distribution integration mechanism
30 is thus constructed as a planetary gear mechanism including
the sun gear 31, the ring gear 32, and the carrier 34 as
15 rotational elements of differential motions. The carrier 34,
the sun gear 31, and the ring gear 32 of the power distribution
integration mechanism 30 are respectively linked to the
crankshaft 26 of the engine 22, to the motor MGl, and to the
reduction gear 35 via the ring gear shaft 32a. When the motor
20 MGl functions as a generator, the power of the engine 22 input
via the carrier 34 is distributed to the sun gear 31 and to the
ring gear 32 according to their gear ratio. When the motor MG1l
functions as a motor, on the other hand, the power of the engine
22 input via the carrier 34 is integrated with the power of the
25 motor MGl input via the sun gear 31 and is output to the ring

gear 32. The power output to the ring gear 32 is transmitted

12
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from the ring gear shaft 32a through a gear mechanism 60 and
a differential gear 62 and is eventually output to drive wheels
63a and 63b of the hybrid vehicle 20.

[0020] The motors MGl and MG2 are constructed as known
synchronous motor generators that may be actuated both as a
generator and as a motor. The motors MGl and MGZ transmit
electric powers to and from a battery 50 via inverters 41 and
42. Power lines 54 connecting the battery 50 with the inverters
41 and 42 are structured as common positive bus and negative
bus shared by the inverters 41 and 42. Such connection enables
electric power generated by one of the motors MGl and MG2 to
be consumed by the other motor MG2 or MGl. The battery 50 may
thus be charged with surplus electric power generated by either
of the motors MGl and MG2, while being discharged to supplement
insufficient electric power. The battery 50 is neither charged
nor discharged upon the balance of the input and output of
electric powers between the motors MGl and MG2. The operations
of both the motors MGl and MG2 are controlled by a motor
electronic control unit (hereafter referred to as motor ECU)
40. The motor ECU 40 inputs signals required for controlling
the operations of the motors MGl and MG2, for example, signals
representing rotational positions of rotors in the motors MGl
and MG2 from rotational position detection sensors 43 and 44
and signals representing phase currents to be applied to the
motors MGl and MG2 from current sensors (not shown). The motor

ECU 40 outputs switching control signals to the inverters 41

13
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and 42. The motor ECU 40 establishes communication with the
hybrid electronic control unit 70 to control the operations of
the motors MG1 and MG2 in response to control signals input from
the hybrid electronic control unit 70 and to output data
regarding the operating conditions of the motors MGl and MG2
to the hybrid electronic control unit 70 according to the
requirements.

[0021] The battery 50 is under control and management of
a battery electronic control unit (hereafter referred to as
battery ECU) 52. The battery ECU 52 inputs signals required
for management and control of the battery 50, for example, an
inter-terminal voltage from a voltage sensor (not shown)
located between terminals of the battery 50, a charge-discharge
current from a current sensor (not shown) located in the power
line 54 connecting with an output terminal of the battery 50,
and a battery temperature Tb from a temperature sensor 51
attached to the battery 50. The battery ECU 52 outputs data
regarding the operating conditions of the battery 50 by
communication to the hybrid electronic control unit 70
according to the requirements. The battery ECU 52 computes a
remaining charge level or current state of charge (SOC) of the
battery 50 from integration of the charge-discharge current

measured by the current sensor, for the purpose of management

and control of the battery 50.
[0022] The hybrid electronic control unit 70 1is

constructed as a microprocessor including a CPU 72, a ROM 74

14
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that stores processing programs, a RAM 76 that temporarily
stores data, input and output ports (not shown), and a
communication port (not shown). The hybrid electronic control
unit 70 receives, via its input port, an ignition signal from
an ignition switch 80, a gearshift position SP or a current
setting position of a gearshift lever 81 from a gearshift
position sensor 82, an accelerator opening AcCC or the driver's
depression amount of an accelerator pedal 83 from an accelerator
pedal position sensor 84, a brake pedal position BP or the
driver's depression amount of a brake pedal 85 from a brake pedal
position sensor 86, and a vehicle speed V from a vehicle speed
sensor 88. The hybrid electronic control unit 70 establishes
communication with the engine ECU 24, the motor ECU 40, and the
battery ECU 52 via its communication port to receive and send
the diversity of control signals and data from and to the engine
ECU 24, the motor ECU 40, and the battery ECU 52, as mentioned
above.

[0023] The hybrid vehicle 20 of the embodiment constructed
as described above sets a torque demand to be output to the ring
gear shaft 32a or the driveshaft, based on the vehicle speed
V and the accelerator opening Acc corresponding to the driver's
depression amount of the accelerator pedal 83. The engine 22
and the motors MGl and MG2 are controlled to be driven at
efficient drive points, in order to ensure output of a power
demand equivalent to the preset torque demand to the ring gear

shaft 32a. There are several drive control modes of the engine

15
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22 and the motors MGl and MG2. In a torque conversion drive
mode, while the engine 22 is driven and controlled to output
a required level of power corresponding to the power demand,
the motors MGl and MG2 are driven and controlled to enable all
the output power of the engine 22 to be subjected to torque
conversion by the power distribution integration mechanism 30
and the motors MGl and MG2 and to be output to the ring gear
shaft 32a. In a charge-discharge drive mode, the engine 22 is
driven and controlled to output a required level of power
corresponding to the sum of the power demand and electric power
used to charge the battery 50 or discharged from the battery
50. The motors MGl and MG2 are driven and controlled to enable
all or part of the output power of the engine 22, which is
equivalent to the power demand with charge or discharge of the
battery 50, to be subjected to torque conversion by the power
distribution integration mechanism 30 and the motors MGl and
MG2 and to be output to the ring gear shaft 32a. In a motor
drive mode, the motor MG2 is driven and controlled to ensure
output of a required level of power corresponding to the power
demand to the ring gear shaft 32a, while the engine 22 stops
1ts operation.

[0024] In the hybrid vehicle 20 of the embodiment, the
engine 22 and the motors MGl and MG2 are controlled according
to the power demand at the setting of the gearshift position
SP to an ordinary drive (D) position for forward driving with

torgue output to the ring gear shaft 32a or the driveshaft, a

16
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reverse (R) position for reverse driving, or a parking (P)
position for parking. During operation of the engine 22 at
selection of any of the D position, the R position, and the P
position, the hybrid vehicle 20 performs damping control of the
engine 22. The damping control computes a torque correction
value to cancel out a torque variation of the engine 22, corrects
torque commands of the motors MGl and MG2 with the computed
torque correction value, and drives and controls the motors MGl
and MG2 to attain the corrected torque commands. At the setting
of the gearshift position SP to a neutral (N) position, however,
the hybrid electronic control unit 70 shuts down the inverters
41 and 42 to prevent output of unrequired torques from the motors
MGl and MG2 to the ring gear shaft 32a. Since the torque output
from the motors MGl and MG2 is prohibited at the N position,
the hybrid vehicle 20 does not perform the damping control of
the engine 22 even during operation of the engine 22.

[0025] The description regards a series of operations to
detect amisfire in any of the cylinders of the engine 22 mounted
on the hybrid vehicle 20 of the embodiment constructed as
described above. Fig. 2 is a flowchart showing an engine
misfire detection routine executed in a vehicle stop state by
the engine ECU 24. This vehicle stop-state engine misfire
detection routine is stored in the ROM 24b and is performed under
the condition of the rotation speed of the ring gear shaft 32a
equal to 0 or the vehicle speed V equal to 0 in a repeated manner

at preset time intervals.

17
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[0026] In the engine misfire detection routine, the CPU
24a of the engine ECU 24 first inputs an engine rotation speed
Ne, a current setting of the gearshift position SP, and a
30-degree rotation time T30 computed as a time required for a
30-degree rotation of the crankshaft 26 (step S100). The
rotation speed Ne of the engine 22 is computed from the signal
output from the crank position sensor 26a attached to the
crankshaft 26. The current setting of the gearshift position
SP is input as the signal of the gearshift position sensor 82
from the hybrid electronic control unit 70 by communication.
The 30-degree rotation time T30 is computed by a T30 computation
routine (not shown). The T30 computation routine successively
inputs the time of each 30-degree rotation of a crank angle CA
detected by the crank position sensor 26a and calculates a
difference between the currently input time for a current
30-degree rotation of the crank angle CA and the previously
input time for a previous 30-degree rotation of the crank angle
CA to compute the 30-degree rotation time T30.

[0027 ] The CPU 24a subsequently computes a 720-degree
difference A720 of the input 30-degree rotation time T30 (step

S110). The 720-degree difference A720 of the 30-degree

rotation time T30 is given as a difference between the currently
input 30-degree rotation time T30 and a previous 30-degree
rotation time T30 input 720 degrees before. 1In the six-cylinder
engine, explosive combustion of the air-fuel mixture takes

place at the crank angle CA of every 120 degrees. The 720-degree

18



CA 02608113 2007-11-08

Translation of PCT/JP07/052603

10

15

20

29

difference A720 between a large 30-degree rotation time T30 for

a misfired cylinder and a small 30-degree rotation time T30 for
a non-misfired cylinder is greater than the 720-degree

difference A720 between 30-degree rotation times T30 for two

non-misfired cylinders. A peak of the 720-degree difference

A720 thus substantially corresponds to amisfired cylinder (see

Fig. 3 described later). The CPU 24a computes a 360-degree

difference A360 of the 30-degree rotation time T30 (step S120)

in the same manner as the computation of the 720-degree
difference A720 of the 30-degree rotation time T30. The CPU
24a identifies the current setting of the gearshift position
SP (step S130) and performs a subsequent series of engine
misfire detection process (steps S140 to S220). The englne
misfire detection process of this embodiment detects a single
misfire pattern with only one misfired cylinder among the
multiple cylinders of the engine 22

10028] Upon identification of the drive (D) position as
the current setting of the gearshift position SP at step S130,
the CPU 24a sets threshold values Al and Bl for engine misfire
detection corresponding to the D position (step S140). The
threshold value Al is empirically or otherwise determined to
detect the occurrence of a misfire in the engine 22 when the
720-degree difference A720 exceeds the threshold value A1. The
threshold value Bl is empirically or otherwise determined to

detect the occurrence of a misfire in the engine 22 when the

360-degree difference A360 exceeds the threshold value Bl.
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After setting the threshold values Al and Bl, the CPU 24a

determines whether the 720-degree difference A720 exceeds the

threshold value Al and whether the 360-degree difference A360

exceeds the threshold value Bl (step S150). Upon satisfaction

of at least one of the conditions that the 720-degree difference

A720 does not exceed the threshold value Al and that the

360-degree difference A360 does not exceed the threshold value

Bl, the CPU 24a identifies a current target cylinder of misfire
detection as no misfired cylinder and terminates the vehicle
stop-state engine misfire detection routine. Upon

satisfaction of both the conditions that the 720-degree

difference A720 exceeds the threshold value Al and that the

360-degree difference A360 exceeds the threshold value Bl, on

the other hand, the CPU 24a identifies the current target
cylinder of misfire detection as amisfired cylinder and outputs
the occurrence of a single misfire (step S160) before
terminating the vehicle stop-state engine misfire detection
routine. In the six-cylinder engine, explosive combustion of
the air-fuel mixture takes place at the crank angle CA of every

120 degrees as mentioned above. The 360-degree difference A360

between a large 30-degree rotation time T30 for a misfired
cylinder and a small 30-degree rotation time T30 for a

non-misfired cylinder is greater than the 360-degree difference

A360 between 30-degree rotation times T30 for two non-misfired

cylinders. A peak of the 360-degree difference A360 thus also

substantially corresponds to a misfired cylinder. Fig. 3 is
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a chart showing a variation in 360-degree difference A360 in

a single misfire state at the D position as the current setting
of the gearshift position SP. In the chart of Fig. 3, acylinder
having the 360-degree difference A360 exceeding the threshold
value Bl is specified as a misfired cylinder. At the setting
of the gearshift position SP to the D position where the damping
control of the engine 22 is performed and the torque is output

to the ring gear shaft 32a or the driveshaft, detection of an
engine misfire is based on the 720-degree difference A720 and

the 360-degree difference A360.

[0029] Upon identification of the parking (P) position as
the current setting of the gearshift position SP at step 5130,

the CPU 24a computes a 120-degree difference Al20 of the

30-degree rotation time T30 (step S170) in the same manner as

the computation of the 720-degree difference A720 of the

30-degree rotation time T30. The CPU 24a then sets threshold
values Al, Bl, and Cl1 for engine misfire detection corresponding
to the P position (step S180). The threshold values Al and Bl

are identical with those described above. The threshold value
Cl is empirically or otherwise determined to detect the

occurrence of a misfire in the engine 22 when the 120-degree

difference A120 exceeds the threshold value Cl. After setting

the threshold values Al, Bl, and Cl, the CPU 24a determines

whether the 720-degree difference A720 exceeds the threshold
value Al, whether the 360-degree difference A360 exceeds the

threshold value B1l, and whether the 120-degree difference A120
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exceeds the threshold value Cl (step $190). Upon satisfaction

of at least one of the conditions that the 720-degree difference

A720 does not exceed the threshold value Al, that the 360-degree
difference A360 does not exceed the threshold value Bl, and that

the 120-degree difference A120 does not exceed the threshold

value Cl, the CPU 24a identifies a current target cylinder of
misfire detection as no misfired cylinder and terminates the
vehicle stop-state engine misfire detection routine. Upon

satisfaction of all the conditions that the 720-degree

difference A720 exceeds the threshold value Al, that the
360-degree difference A360 exceeds the threshold value Bl, and

that the 120-degree difference A120 exceeds the threshold value

Cl, on the other hand, the CPU 24a identifies the current target
cylinder of misfire detection as amisfired cylinder and outputs
the occurrence of a single misfire (step S160) before

terminating the vehicle stop-state engine misfire detection
routine. In the six-cylinder engine, explosive combustion of

the air-fuel mixture takes place at the crank angle CA of every

120 degrees as mentioned above. The 120-degree difference A120

between a large 30-degree rotation time T30 for a misfired
cylinder and a small 30-degree rotation time T30 for a
non-misfired cylinder is greater than the 120-degree difference
A120 between 30-degree rotation times T30 for two non-misfired

cylinders. A peak of the 120-degree difference A120 thus also

substantially corresponds to a misfired cylinder. At the

setting of the gearshift position SP to the P position where
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the damping control of the engine 22 is performed and no torque

is output to the ring gear shaft 32a or the driveshaft, detection

of an engine misfire is based on the 120-degree difference A120
in addition to the 720-degree difference A720 and the 360-degree

difference A360 for the enhanced accuracy of engine misfire
detection.

[0030] Upon identification of the neutral (N) position as
the current setting of the gearshift position SP at step S130,

the CPU 24a computes the 120-degree difference Al20 of the

30-degree rotation time T30 (step S200) in the same manner as
the computation of the 720-degree difference A720 of the
30-degree rotation time T30. The CPU 24a then sets threshold
values A2, B2, and C2 for enginemisfire detection corresponding
to the N position (step S210). The threshold values A2, B2,
and C2 are respectively greater than the threshold values Al,
Bl, and Cl. The damping control is not performed at the setting
of the gearshift position SP to the N position. The rotation
of the crankshaft 26 at the N position accordingly has a
relatively large variation even in the state of no occurrence
of an engine misfire. Application of the same threshold values
to the N position as those at the D position or the P position
in the state of execution of the damping control may cause evel
a non-misfired cylinder to exceed the threshold values. This
leads to wrong detection of an engine misfire. The engine
misfire detection at the N position accordingly uses the greater

threshold values than the threshold values used for the engine
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misfire detection at the D position or the P position. The
threshold value A2 is empirically or otherwise determined to
detect the occurrence of a misfire in the engine 22 when the
720-degree difference A720 exceeds the threshold value A2 1n
the state of no execution of the damping control of the engine
22 with the motors MGl and MG2, that is, at the setting of the
gearshift position SP to the N position. Similarly the
threshold value B2 is empirically or otherwise determined to
detect the occurrence of a misfire in the engine 22 when the
360-degree difference A360 exceeds the threshold value B2 1in
the state of no execution of the damping control of the engine
22 with the motors MGl and MG2. The threshold value C2 is also
empirically or otherwise determined to detect the occurrence
of a misfire in the engine 22 when the 120-degree difference
A120 exceeds the threshold value C2 in the state of no execution
of the damping control of the engine 22 with the motors MGl and
MG2. After setting the threshold values A2, B2, and C2, the
CPU 24a determines whether the 720-degree difference A720
exceeds the threshold value A2, whether the 360-degree

difference A360 exceeds the threshold value B2, and whether the

120-degree difference A120 exceeds the threshold value C2 (step

S220). Upon satisfaction of at least one of the conditions that
the 720-degree difference A720 does not exceed the threshold
value A2, that the 360-degree difference A360 does not exceed

the threshold value B2, and that the 120-degree difference A120

does not exceed the threshold value C2, the CPU 24a identifies

24



CA 02608113 2007-11-08 .

Translation of PCT/JP07/052603

10

15

20

29

a current target cylinder of misfire detection as no misfired

cylinder and terminates the vehicle stop-state engine misfire

detection routine. Upon satisfaction of all the conditions

that the 720-degree difference A720 exceeds the threshold value
A2, that the 360-degree difference A360 exceeds the threshold

value B2, and that the 120-degree difference Al120 exceeds the

threshold value C2, on the other hand, the CPU 24a identifies
the current target cylinder of misfire detection as a misfired
cylinder and outputs the occurrence of a single misfire (step
S160) before terminating the vehicle stop-state engine misfire
detection routine. Fig. 4 is a chart showing a variation in
360-degree difference A360 in the single misfire state at the
N position as the current setting of the gearshift position SP.

In the chart of Fig. 4, a cylinder having the 360-degree

difference A360 exceeding the threshold value B2 is specified

as a misfired cylinder. At the setting of the gearshift
position SP to the N position where the damping control of the
engine 22 is not performed, detection of an engine misfire is

based on the 720-degree difference A720, the 360-degree

difference A360, and the 120-degree difference Al120 with

setting of the greater threshold values than those at the D

position or the P position.

{00311} As described above, at the setting of the gearshift
position SP to either the D position or the P position where
the damping control is performed with the motors MGl and MG2

to reduce the vibration of the crankshaft 26 of the engine 22,
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the hybrid vehicle 20 of the embodiment sets the threshold

values Al, B1l, and Cl for engine misfire detection and_detects
an engine misfire based on the relations between the 30-degree
rotation times T30 computed from the rotational positions of
the crankshaft 26 and the threshold values Al, Bl, and Cl. At
the setting of the gearshift position SP to the N position where
the damping control is not performed, the hybrid vehicle 20 of
the embodiment sets the greater threshold values A2, B2, and
C2 for engine misfire detection than the threshold values Al,
Bl, and Cl1l and detects an engine misfire based on the relations
between the 30-degree rotation times T30 and the threshold

values A2, B2, and C2. Namely this embodiment changes over the
threshold values used for engine misfire detection according
to the execution or non-execution of the damping control. This
arrangement enables engine misfire detection by the simple

series of processing, compared with the conventional procedure
of changing the engine misfire detection method according to
the execution or non-execution of the damping control. The
execution or non-execution of the damping control is readily
identifiable based on the setting of the gearshift position SP.
The threshold values A2, B2, and C2 set in the state without
execution of the damping control are greater than the threshold
values Al, Bl, and Cl set in the state with execution of the
damping control. This arrangement desirably enables detection
of a misfire in the engine 22 with high accuracy.

[0032] At the selection of the D position as the gearshift
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position SP, the engine misfire detection requires only the two

values, the 720-degree difference A720 and the 360-degree

difference A360 (omission of the 120-degree difference A120),

to ensure the sufficient accuracy of detection. At the
selection of either the P position or the N position as the
gearshift position SP, on the other hand, the engine misfire

detection requires all the three values, the 720-degree

difference A720, the 360-degree difference A360, and the

120-degree difference A120, to ensure the sufficient accuracy

of detection. Changing the number of these angle differences
adopted for engine misfire detection according to the setting
of the gearshift position SP desirably satisfies the
conflicting requirements, the enhanced accuracy of engine
misfire detection and the simple processing of engine misfire
detection.

[0033] The embodiment discussed above is to be considered
in all aspects as illustrative and not restrictive. There may
be many modifications, changes, and alterations without
departing from the scope or spirit of the main characteristics

of the present invention.

[0034] The procedure of the embodiment sets the threshold
values for engine misfire detection according to the setting
of the gearshift position SP to the D position, the P position,
or the N position. One modified procedure may set the threshold
values for engine misfire detection according to the execution

or non-execution of the damping control of the engine 22. This
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modified procedure also enables engine misfire detection by the
simple series of processing, compared with the conventional
procedure of changing the engine misfire detection method
according to the execution or non-execution of the damping
control.

[0035] In the structure of the embodiment, both the motors
MGl and MG2 are used for the damping control of the engine 22.
Only one of the motors MGl and MG2 may alternatively be used
for the damping control of the engine 22.

[0036] The engine misfire detection of the embodiment uses

the 720-degree difference A720 and the 360-degree difference

A360 computed from the 30-degree rotation times T30 and the

corresponding threshold values Al and Bl at the setting of the

gearshift position SP to the D position. The engine misfire

detection uses the 720-degree difference A720, the 360-degree

difference A360, and the 120-degree difference Al120 and the

corresponding threshold values Al, Bl, and Cl at the setting
of the gearshift position SP to the P position. The englne

misfire detection uses the 720-degree difference A720, the

360-degree difference A360, and the 120-degree difference A120

and the corresponding threshold values A2, B2, and C2 at the
setting of the gearshift position SP to the N position. These
are, however, not essential, but any arbitrary number of angle
differences and corresponding threshold values may be used for
engine misfire detection at each setting of the gearshift

position SP. The engine misfire detection may use any angle
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difference between the currently input 30-degree rotation time
T30 and a previous 30-degree rotation time T30 input any angles
before or may alternatively use the 30-degree rotation time T30
itself. The rotation speed of the crankshaft 26 may be used
as a parameter of the 30-degree rotation time T30.

[0037] The procedure of the embodiment sets the identical
threshold values Al and Bl for engine misfire detection at the
D position and for engine misfire detection at the P position
as the gearshift position SP. Different threshold values may
be set for engine misfire detection at the P position from those
for engine misfire detection at the D position.

[0038] The above embodiment regards detection of a single
engine misfire. The technique of the invention is also
applicable to detection of consecutive misfires with two
consecutive misfired cylinders among the multiple cylinders of
the engine 22 or to detection of intermittent misfires with two
misfired cylinders located across one fired cylinder among the
multiple cylinders of the engine 22.

[0039] The above embodiment regards the engine misfire
detection during stop of the hybrid vehicle 20. The technique
of the invention is also applicable to engine misfire detection
during drive of the hybrid vehicle 20 except the processing flow
executed at the setting of the gearshift position to the P
position.

{0040] The above embodiment regards the hybrid vehicle 20

equipped with the six-cylinder engine 22. The technique of the
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invention is also applicable to hybrid vehicles equipped with
engines having various numbers of cylinders, for example, a
hybrid vehicle equipped with a four-cylinder engine and a hybrid
vehicle equipped with an eight-cylinder engine. Threshold
values of engine misfire detection suitable for each engine type
of the hybrid vehicle are empirically determined according to
the execution or non-execution of the damping control of the
engine 22.

[0041 ] The above embodiment regards the engine misfire
detection apparatus mounted on the hybrid vehicle 20 equipped
with the engine 22, the power distribution integration
mechanism 30 linked with the crankshaft 26 of the engine 22,
with the rotating shaft of the motor MGl, and with the ring gear
shaft 32a or the driveshaft, and the motor MG2 connected to the
ring gear shaft 32a via the reduction gear 35. The engine
misfire detection apparatus of the invention may be mounted on
a hybrid vehicle 120 of one modified structure shown in Fig.
5, where the power of the motor MG2 is output to another axle
(axle connected with wheels 64a and 64b in Fig. 5) that 1is
different from the axle linked to the ring gear shaft 32a (axle
connected with the drive wheels 63a and 63b). The engine
misfire detection apparatus of the invention may also be mounted
on a hybrid vehicle 220 of another modified structure shown 1in
Fig. 6, which is equipped with a pair-rotor motor 230. The
pair-rotor motor 230 includes an inner rotor 232 connected to

the crankshaft 26 of the engine 22 and an outer rotor 234
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connected to a driveshaft that outputs power to the drive wheels
63a and 63b. The pair-rotor motor 230 transmits part of the
output power of the engine 22 to the driveshaft, while
converting the residual engine output power into electric
power.

[0042 ] The above embodiment regards the series parallel
hybrid vehicle 20. The technique of the invention 1s not
restricted to the hybrid vehicles of this arrangement but 1s
applicable to hybrid vehicles of any other arrangements that
execute damping control with a motor to reduce the vibration
of a crankshaft 26 of an engine. For example, the invention
may be adopted in series hybrid vehicle as well as in parallel
hybrid vehicles. In application to the parallel hybrid
vehicles, the motor of the invention may also be used as the
generator of the invention.

[0043] The engine misfire detection apparatus is used for
misfire detection of the engine 22 mounted on the hybrid vehicle
20 in the above embodiment. The hybrid wvehicle 1s, however,
not essential. The engine misfire detection apparatus may be
used for misfire detection of an engine mounted on any of various
moving bodies including trains, aircraft, boats and ships as
well as automobiles and for misfire detection of an engine
incorporated in any of stationary equipment including
construction machines. The technique of the invention may be

actualized by an engine misfire detection method, as well as

the engine misfire detection apparatus.
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Industrial Applicability
[0044] The technique of the invention is preferably applied
to the automobile-related industries including cars, buses, and

trucks, as well as to the transport vehicle-related industries

including trains, boats and ships, and ailrcraft.
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Claims:

1. An engine misfire detection apparatus for detection
of amisfire in an internal combustion engine included 1n a power
output apparatus, where the power output apparatus includes the
internal combustion engine, a power generation unit that 1is
connected with an output shaft of the internal combustion engine
and utilizes at least part of output power from the internal
combustion engine to generate electric power, and a motor that
is capable of outputting power to a driveshaft,

the engine misfire detection apparatus comprising:

a rotational position detection unit that detects a
rotational position of the output shaft of the internal
combustion engine;

a unit angle rotation time computation module that
computes a unit angle rotation time, which is required for
rotation of every preset unit rotational angle of the output
shaft of the internal combustion engine, from the detected
rotational position;

a damping control execution module that performs damping
control upon satisfaction of a predetermined condition, where
the damping control drives at least one of the power generation
unit and the motor to reduce vibration of the internal
combustion engine caused by operation of the internal
combustion engine; and

an engine misfire detection module that detects an engine
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misfire based on the computed unit angle rotation time and a
preset first threshold value during execution of the damping
control by the damping control execution module, while
detecting an engine misfire based on the computed unit angle
rotation time and a preset second threshold value that 1s
different from the first threshold value during non-execution

of the damping control by the damping control execution module.

2. The engine misfire detection apparatus in accordance
with claim 1, wherein the damping control execution module
determines satisfaction of the predetermined condition 1in
response to selection of either a parking position or a drive
position as a gearshift position to perform the damping control,
and

the damping control execution module determines
dissatisfaction of the predetermined condition in response to
selection of a neutral position as the gearshift position not

to perform the damping control.

3. The engine misfire detection apparatus in accordance
with either one of claims 1 and 2, wherein the engine misfire
detection module detects an engine misfire when a rotation speed

of the driveshaft is equal to O.

4. The engine misfire detection apparatus in accordance

with any one of claims 1 through 3, wherein the engine misfire
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detection module uses the second threshold value, which 1s
greater than the first threshold value, for detection of an
engine misfire during non-execution of the damping control by

the damping control execution module.

5. The engine misfire detection apparatus in accordance
with any one of claims 1 through 4, wherein the engine misfire
detection module detects a misfire of the internal combustion
engine in response to a predetermined angle difference of the

10 computed unit angle rotation time exceeding the preset first
threshold value during execution of the damping control by the
damping control execution module, and

the engine misfire detection module detects a misfire of
the internal combustion engine in response to the predetermined

15 angle difference of the computed unit angle rotation time
exceeding the preset second threshold value during
non-execution of the damping control by the damping control

execution module.

20 6. The engine misfire detection apparatus in accordance
with claim 5, wherein the engine misfire detection module uses
at least one of a 720-degree difference, a 360-degree difference,
and a 120-degree difference of the computed unit angle rotation

time as the predetermined angle difference for detection of an

25 engine misfire.
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7. A hybrid vehicle equipped with a power output apparatus
and the engine misfire detection apparatus for detection of a
misfire in the internal combustion engine in accordance with
any one of claims 1 through 6,

wherein the power output apparatus includes the internal
combustion engine, a power generation unit that is connected
with an output shaft of the internal combustion engine and
utilizes at least part of output power from the internal
combustion engine to generate electric power, and a motor that

is capable of outputting power to a driveshaft.

8. An engine misfire detection method for detection of
a misfire in an internal combustion engine included in a power
output apparatus, where the power output apparatus includes the
internal combustion engine, a power generation unit that 1s
connected with an output shaft of the internal combustion engine
and utilizes at least part of output power from the internal
combustion engine to generate electric power, and a motor that
is capable of outputting power to a driveshaft,

the engine misfire detection method comprising:

detecting a rotational position of the output shaft of
the internal combustion engine;

computing a unit angle rotation time, which is required
for rotation of every preset unit rotational angle of the output
shaft of the internal combustion engine, from the detected

rotational position; and
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detecting an engine misfire based on the computed unit
angle rotation time and a preset first threshold value during
execution of damping control, which is performed upon
satisfaction of a predetermined condition and drives at least
one of the power generation unit and the motor to reduce
vibration of the internal combustion engine caused by operation
of the internal combustion engine, while detecting an engine
misfire based on the computed unit angle rotation time and a
preset second threshold value that is different from the preset
first threshold value during non-execution of the damping

control.
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Fig. 2
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Fig. 3
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Fig. 4
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