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(57) Abstract: A rotational fluctuation Nxd is given as a variation in
rotation speed N of a crankshaft at every specific crank angle CA, that is,
at every 120 degrees, corresponding to an ignition timing in each cylin-
der of a six-cylinder engine (steps S100 to S120). The engine misfire
identification technique of the invention calculates a difference between
a specific rotational fluctuation Nxd at a specific crank angle CA and a
previous rotational fluctuation Nxd at a crank angle CA of 360 degrees
before the specific crank angle CA as a rotational fluctuation difference
Nxdflx, and sums up the specific rotational fluctuation Nxd at the spe-
cific crank angle CA and the previous rotational fluctuation Nxd at the
crank angle CA of 360 degrees before the specific crank angle CA to
give a total rotational fluctuation Nxdint (steps S130 and S140). The en-
gine misfire identification technique successively adopts a single misfire
judgment logic, a consecutive misfire judgment logic, and an intermittent
misfire judgment logic to discriminate among a single misfire pattern, a
consecutive misfire pattern, and an intermittent misfire pattern and dis-
tinctly and accurately identify misfires in the engine, based on the calcu-
lated rotational fluctuation Nxd, rotational fluctuation difference Nxdflx,
and total rotational fluctuation Nxdint (steps S150 to S170).
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Description
Engine Misfire Identification Device for Internal Combustion

Engine and Engine Misfire Identification Method

Technical Field

[0001] The present invention relates to an engine misfire
identification device for an internal combustion engine and a
corresponding engine misfire identification method. More
specifically the invention pertains to an engine misfire
identification device to identify misfires in an internal
combustion engine having multiple cylinders, as well as toLa

corresponding engine misfire identification method.

Background Art

[0002] One proposed engine misfire identification device
identifiesmisfiresjjlanengine,basedcn1atorquecompenéation
value of a motor attached to a crankshaft of the engine (see,
for example, Japanese Patent Laid-Open Gazette No. 2001-65402) .
This engine misfire identification device performs damping
control to cancel out a torque change on the crankshaft of the
engine with an output torque of the motor and identifies
misfires in the engine according to the torque compensation

value of the motor for the damping control.

Disclosure of the Invention

[0003]) The prior art engine misfire identification device,
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however, has low accuracy in identification of misfires in the
engine. There are several different misfire patterns
including a single misfire pattern where only one specific
cylinder among the multiple cylinders has a misfire, a
consecutive misfire pattern where two consecutive cylinders
among the multiple cylinders have misfires, and an intermittent
misfire pattern where two non-consecutive cylinders across one
combustion cylindexr among the multiple cylinders have misfires.
Identificationof misfires in the engine according to the torque
compensation value of the motor for the damping control does
not take into account the different misfire patterns and
accordingly has low accuracy. Accurate identification of
misfires in the engine enables an adequate countermeasure to
be taken immediately against the identified misfires and
ensures smooth operations of a motor vehicle or another machine
eqﬁipped with the engine.

[0004] The engine misfire identification device and the
corresponding engine misfire identification method of the
invention thus aim to identify misfires in an internal
combustion engine with high accuracy. The engine misfire
identification device and the corresponding engine misfire
identification method of the invention also aim to distinctly
and adequately identify the occurrence and the pattern of
misfires in an internal combustion engine.

[0005] In order to attain at least part of the above and the

other related objects, the enginemisfire identification device
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and the corresponding engine misfire identification method of
the invention have the configurations discussed below.
[0006] The present invention is directed to an engine misfire
identification device that identifies a misfire in an internal
combustion éngine having multiple cylinders, and the engine
misfire identification device includes: a rotational position
detection sensor that detects a rotational position of a
crankshaft of the internal combustion engine; a rotational
fluctuation computation unit that sequentially computes a
rotational fluctuation of the internal combustion engine at
every specific crank angle corresponding to an ignition timing
in each of the multiple cylinders of the internal combustion
engine, from the detected rotational position of the
crankshaft; and an engine misfire identification module that
adopts multiple different misfire judgment logics
corresponding to multiple different misfire patterns to
identify a misfire in the internal combustion engine, based on
the sequentially computed rotationél fluctuations.

{0007]) The engine misfire identification device of the
invention sequentially computes the rotational fluctuation of
the internal combustion engine at every specific crank angle
corresponding to the ignition timing in each of the multiple
cylinders of the internal combustion engine, from the
rotational position of the crankshaft of the internal
combustion engine, and adopts the multiple different misfire

judgment logics corresponding to themultiple different misfire
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patterns to identify amisfire in the internal combustion engine,
based on the sequentially computed rotational fluctuations.
This arrangement distinctly and adequately identifies the
occurrence and the pattern of the misfire in the internal
combustion engine with high éccuracy. The internal combustion
engine may be mounted on a hybrid vehicle that is driven at a
specific drive point of the internal combustion engine set
independently of a driving state of the hybrid vehicle.
[0008] In the engine misfire identification device of the
invention, the multiple different misfire judgment logics
adopted by the engine misfire identification module for
identification of a misfire in the internal combustion engine
may include at least one of a single misfire judgment logic to
identify a single misfire pattern where only one of the multiple
cylinders has a misfire, a consecutive misfire judgment logic
to identify a consecutive misfire pattern where two consecutive
cylinders among the multiple cylinders have misfires, and an
intermittent misfire judgment-logic to identify an intermittent
misfire pattern where two non-consecutive cylinders across one
combustion cylinder have misfires. The 'two consecutive
cylinders' in the consecutive misfire pattern represent two
cylinders to be ignited consecutively in this order. The 'two
non-consecutive cylinders across one combustion cylinder' in
the intermittent misfire pattern represent two cylinders to be
ignited immediately before and immediately after ignition in

one combustion cylinder.
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[0009] The engine misfire identification device of the
invention adopts multiple different misfire judgment logics for
identification of a misfire in the internal combustion, which
include at least one of the singlé misfire judgment logic and
the intermittent misfire judgment logic. In one embodiment, the
single misfire judgment logic identifies a single misfire in
‘the internal combustion engine when only one rotational |
fluctuation defined as an object rotational fluctuation among
the rotational fluctuations sequentially computed in one cycle
of the internal combustion engine by the rotational fluctuation
chputation unit is not less than a preset single misfire
judgment value and when a ratio of another rotational
fluctuation to the object rotational fluctuation of not less
than the preset single misfire judgment value is in a preset
single misfire judgment rénge. In this embodiment, the another
rotational fluctuation includes at least one of a third last
rotational fluctuation computed before the object rotational
fluctuation, a last rotational fluctuation computed
immediately before the object rotational fluctuation, and a
next rotational fluctuation computed immediately after the
object rotational fluctuation. This arrangement distinctly and
adequately identifies the occurrence of the misfire in the
internal combustion engine with high accuracy. The engine
misfire identification device of the invention may include: a
rotation speed measurement unit that measures a rotation speed

of the internal combustion engine; and a first single misfire



10

15

20

25

WO 2006/075766 PCT/JP2006/300568

judgment value regulation module that regulates the single
misfire judgment value to decrease with an increase in measured
rotation speed of the internal combustion engine. Further, the
engine misfire identification device of the invention may
include:an air intake amount measurement unit that measures an
amount of intake air into the internal combustion engine; and
a second single misfire judgment value regulation module that
calculates a cycle air intake amount in one cycle of the internal
combustion engine from the measured amount of intake air and
regulates the single misfire judgment value to incfease with
an increase in calculated cycle air intake amount. This
arrangement distinctly and adequately identifies the

occurrence of themisfire in the internal combustion engine with

~high accuracy.

[0010] The engine misfire identification device of the
invention adopts multiple different misfire judgment logics for
identification of a misfire in the internal combustion, which
include at least one of the single misfire judgment logic, the
consecutive misfire judgment logic and the intermittent misfire
judgment logic. In one embodiment, the consecutive misfire
judgment logic successively calculates a rotational
fluctuation difference as a difference between each of the
rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific

crank angle, and identifies consecutive misfires in the
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internal combustion engine when only one rotational fluctuation
difference defined as an object rotational fluctuation
difference among ‘the rotational fluctuation differences
successivelycalculatedgn1onecyélecﬁftheinternalcombustion
engine is not less than a preset consecutive misfire judgment
value. In this embodiment, the consecutive misfire judgment
logic identifies consecutive misfires in the internal
combustion engine when a ratio of another rotational
fluctuation difference to the object rotational fluctuation
difference of not less than the preset consecutive misfire
judgment value is in a preset consecutive misfire judgment range.
Further, the another rotational fluctuation difference
includes at least one of a third last rotational fluctuation
difference calculated before the object rotational fluctuation
difference, a last rotational fluctuation difference
calculated immediately before the object rotational
fluctuation difference, and a next rotational fluctuation
difference calculated immediately after the object rotational
fluctuation difference..This arrangement distinctly and
adequately identifies the occurrence of the misfire in the
internal combustion engine with high accuracy. The engine
misfire identification device of the invention may include: a
rotation speed measurement unit that measures a rotation speed
of the internal combustion engine; and a first consecutive
misfire judgment value regulation module that regulates the

consecutive misfire judgment value to decrease with an increase
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in measured rotation speed of the internal combustion engine.
Moreover, the engine misfire identification device of the
invention may include: an air intake amount measurement unit
that measures an amount of intake air into the internal
combustion engine; and a second consecutive misfire judgment
value regulation module that calculates a cycle air intake
amount in one cycle of the internal combustion engine from the
measured amount of intake air and regulates the consecutive
misfire judgment value to increase with an increase in
calculated cycle air intake amount. This arrangement distinctly
and adequately identifies the occurrence of the misfire in the
internal combustion engine with high accuracy.

[0011]] The engine misfire identification device of the
invention adopts multiple different misfire judgment logics for
identification of a misfire in the internal combustion, which
include at least one of the single misfire judgment logic, the
consecutive misfire judgment logic and the intermittent misfire
judgment logic. In one embodiment, the intermittent misfire
judgment logic successively calculates a total rotational
fluctuation as a sum of each of the rotational fluctuations
sequentially computed at every specific crank angle and a
previous rotational fluctuation computed at a crank angle of
360 degrees before the specific crank angle, and identifies
intermittent misfires in the internal combustion engine when
only one total rotational fluctuation definedas an object total

rotational fluctuation among the total rotational fluctuations
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successively calculated in one cycle of the internal combustion
engine is not less than a preset intermittent misfire judgment
value. In this embodiment, the intermittent misfire judgment
logic identifies intermittent misfires in the internal
combustion engine when a ratio of another total rotational
fluctuation to the object total rotational fluctuation of not
less than the preset intermittent misfire judgment value is in
a preset intermittent misfire judgment range. The another total
rotational fluctuation may be a last total rotational
fluctuation calculated immediately before the object total
rotational fluctuation. This arrangement distinctly and
adequately identifies the occurrence of the misfire in the
internal combustion engine with high accuracy. The engine
misfire identification device of the invention may include: a
rotation speed measurement unit that measures a rotation speed
of the internal combustion engine; and a first intermittent
misfire judgment value regulation module that regulates the
intermittent misfire judgment value‘to decrease with an
increase in measured rotation speed of the internal combustion
engine. Further, the engine misfire identification device of
the invention may include: an air intake amount measurement unit
that measures an amount of intake air into the internal
combustion engine; and a second intermittent misfire judgment
value regulation module that calculates a cycle air intake
amount in one cycle of the internal combustion engine from the

measured amount of intake air and regulates the intermittent
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misfire judgment value to increase with an increase in
calculated cycle air intake amount.

[{0012) The engine misfire identification device of the
invention adopts multiple different misfire judgment logics for
identification of a misfire in the internal combustion, which
include at least one of the single misfire judgment logic, the
consecutive misfire judgment logic and the intermittent misfire
judgment logic. In one embodiment, the single‘misfire judgment
‘logic identifies a single misfire in the internal combustion
engine when only one rotational fluctuation defined as an object
rotational fluctuation among the rotational fluctuations
sequentially computed in one cycle of the internal combustion
engine by the rotational fluctuation computation unit is not
less than a preset single misfire judgment value and when a ratio
of another rotational fluctuation to the object rotational
fluctuation of not less than the preset single misfire judgment
value  is in a preset single misfire judgment range; the
consecutive misfire judgment logic successively calculates a
rotational fluctuation difference as a difference between each
of the rotational fluctuations sequentially computed at every
specific crank angle and a preViéus rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identifies consecutive misfires in the
internalcombustionengineWhenonlyonexotationalfluctuation
difference defined as an object rotational fluctuation

difference among the rotational fluctuation differences
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successively calculated in one cycle of the internal combustion
engine is not less than a preset consecutive misfire judgment
value;andtheintermittentmisfirejudgmentlogicsuccessively
calculates a total rotational fluctuation as a sum of each of
the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identifies intermittent misfires in the
internal combustion engine when only one total rotational
fluctuation defined as an object total rotational fluctuation
among the total rotational fluctuations successively
calculated in one cycle of the internal combustion engine is
not less than a preset intermittent misfire judgment value. In
this embodiment, the rotational fluctuation computation unit
calculates an angular velocity at every preset crank angle of
the crankshaft of the internal combustion engine and computes
a difference between a specific angular velocity corresponding
to an ignition timing in each of the multiple cylinders of the
internal combﬁstion engine and a last angular velocity
calculated immediately before the specific angular velocity,
as the rotational fluctuation. The rotational fluctuation
computation unit computes an angular acceleration
corresponding to an ignition timiﬁg in each of the multiple
cylinders of the internal combustion engine, as the rotational
fluctuation.

[0013] In one embodiment of the engine misfire identification
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device of the invention, the internal combustion engine has an
even number of the multiple cylinders, and the multiple
different misfire judgment logics adopted by the engine misfire
identification module for identification of a misfire in the
internal combustion engine include at least one of the single
misfire judgment logic, the consecutive misfire judgment logic,
the intermittent misfire judgment logic, an opposed misfire
judgment logic to identify an opposed misfire pattern where two
opposed cylinders among the multiple cylinders have misfires,
and a random misfire judgment logic to identify a randommisfire
pattern where one of the multiple cylinders has a misfire
irregularly in one cycle of the internal combustion engine. The
'two opposed cylinders' in the opposed misfire pattern
represent two cylinders having a mirror image-1like arrangement
in'an ignition order, for example, a first cylinder and a fourth
cylinder in an ignition order among six cylinders or a first
cylinder and a fifth cylinder in an ignition order among eight
cylinders. The terminology 'having a misfire irregularly in
one cycle of the internal combustion engine' in the random
misfire pattern means that there is only one misfire cylinder
in one cycle of the internal combustion engine but the misfire
cylinder is not fixed but is changed. For example, a first
cylinder in an ignition order has a misfire in one cycle but
another cylinder in the ignition order has a misfire in another
cycle.

[0014] The engine misfire identification device of the
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invention adopts multiple different misfire judgment logics for
identification of a misfire in the internal combustion, which
include at least one of the opposed misfire judgment logic and
the random misfire judgment logic. In one embodiment, the
opposed misfire judgment logic successively calculates a
rotational fluctuation difference as a difference between each
of the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 120 degrees before the specific
crank angle, and identifies opposed misfires in the internal
combustion engine when two rotational fluctuation differences
defined as two object rotational fluctuation differences among
the rotational fluctuation differences successively
calculated in one cycle of the internal combustion engine are
not less than a preset opposed misfire judgment value. In this
embodiment, the opposed misfire judgment logic identifies
opposed misfires in the internal combustion engine when a ratio
ofthetwoobjectrotationalfluctuationdifferenéesofnotless
than the preset opposed misfire judgment value is in a preset
first opposed misfire judgment range and when a ratio of another
rotational fluctuation difference to a sum of the two object
rotational fluctuation differences is in a preset second
opposedmisfirejudgmentrange.Further,theanotherrotational
fluctuation difference includes at least either of two last
rotational fluctuation differences calculated immediately

before the two object rotational fluctuation differences and
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two second last rotational fluctuation differences calculated
before the two object rotational fluctuation differences. This
arrangement distinctly and adequately identifies the
occurrence of themisfire in the internal combustion engine with
high accuracy. The engine misfire identification device of the
invention may include a rotation speed measurement unit that
measures a rotation speed of the internal combustion engine;
and a first opposed misfire judgment value regulation module
that regulates the opposed misfire judgment value to decrease
with an increase in measured rotation speed of the internal
combustion engine. Further, the engine misfire identification
device of the invention may include: an air intake amount
measurement unit that measures an amount of intake air into the
internal combustion engine; and a second opposed misfire
judgment value regulation module that calculates a cycle air
intake amount in one cycle of the internal combustion engine
from-the measured amount of intake air and regulates the opposed
misfire judgment value to increase with an increase in
calculated cycle air intake amount.

{0015] The enginé misfire identification device of the
invention adopts multiple different misfire judgment logics for
identification of a misfire in the internal combustion, which
include at least one of the opposed misfire judgment logic and
the randommisfire judgment logic. In one embodiment, the random
misfire judgment logic successively calculates a rotational

fluctuation difference as a difference between each of the

~
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rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 90 degrees before the specific crank
angle, and identifies a random misfire in the internal
combustion engine when one rotational fluctuation difference
defined as an object rotational fluctuation difference among
the rotational fluctuation differences successively
calculated in one cycle of the internal combustion engine is
not less than a preset random misfire judgment value. In this
embodiment, the random misfire judgment logic identifies a
random misfire in the internal combustion engine when a ratio
of another rotational fluctuation difference to the object
rotational fluctuation difference of not less than the preset
random misfire judgment value is in a preset random misfire
judgment range. The another rotational fluctuation difference
may include at least one of a last rotational fluctuation
differencecalculatedimmediatelykefqrethecbjectrotational
fluctuation difference, a next rotational fluctuation
difference calculated immediately after the object rotational
fluctuationdifference, and a third next rotational fluctuation
difference calculated after the object rotational fluctuation
difference. This arrangement distinctly and adequately
identifies the occurrence of the misfire in the internal
combustion engine with high accuracy. The engine misfire
identificationdevice may include: a rotation speed measurement

unit that measures a rotation speed of the internal combustion
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engine; and a first random misfire judgment value regulation
module that regulates the random misfire judgment value to
decrease with an increase in measured rotation speed of the
internal combustion engine. Further, the engine misfire
identification device of the invention may include: an air
intake amount measurement unit that measures an amount of intake
air into the internal combustion engine; and a second random
misfire judgment value regulation module that calculates a
cycle air intake amount in one cycle of the internal combustion
engine from the measured amount of intake air and regulates the
random misfire judgment value to increase with an increase in
calculated cycle air intake amount.

[0016] The engine misfire identification device of the invention
adopts multiple different misfire jﬁdgment logics for
identification of a misfire in the internal combustion, which
include at least one of the opposed misfire judgment logic and
the randommisfire judgment logic. In one embodiment, the single
misfire judgment logic identifies a single misfire in the
internal combuétion engine when only one rotational fluctuation
defined as an object rotational fluctuation among the
rotational fluctuations sequentially computed in one cycle of
the internal combustion engine by the rotational fluctuation
computation unit is not less than a preset single misfire
judgment value and when a ratio of another rotational
fluctuation to the object rotational fluctuation of not less

than the preset single misfire judgment value is in a preset
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singlemisfirejudgmentrange;theconsecutivemisfirejudgMent
logic successively calculates a rotational fluctuation
difference as a difference between each of the rotational
fluctuations sequentially computed at every specific crank
angle and a previous rotational fluctuation computed at a crank
angle. of 360 degrees before the specific crank angle, and
identifies consecutive misfires in the internal combustion
engine when only one rotational fluctuation difference defined ‘
as an object rotational fluctuation difference among the
rotational fluctuation differences successively calculated in
one cycle of the internal combustion engine is not less than
a preset consecutive misfire judgment value; the intermittent
misfire judgment logic successively calculates a total
rotational fluctuation as a sum of each of the rotational
fluctuations sequentially computed at every specific crank
angle and a previous rotational fluctuation computed at a crank
angle of 360 degrees before the specific crank angle, and
identifies intermittent misfires in the internal combustion
engine when only one total rotational fluctuation defined as
an object total rotational fluctuation among the total
rotational fluctuations successively calculated in one cycle
of the internal combustion engine is not less than a preset
intermittent misfire judgment value; the opposed misfire
judgment logic successively calculates a rotational
fluctuation difference as a difference between each of the

rotational fluctuations sequentially computed at every



10

15

20

25

WO 2006/075766 PCT/JP2006/300568

18

specific crank angle and a preQious rotational fluctuation
computed at a crank angle of 120 degrees before the specific
crank angle, and identifies opposed misfires in the internal
combustion engine when two rotational fluctuation differences
defined as two object rotational fluctuation differences among
the rotational fluctuation differences successively
calculated in one cycle of the internal combustion engine are
not less than a preset opposed misfire judgment value; and the
random misfire judgment logic successively calculates a
rotational fluctuation difference as a difference between each
of the rotational fluétuations sequentially computed at évery
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 90 degrees before the specific crank
angle, and identifies a random misfire in the internal
combustion engine when one rotational fluctuation difference
defined as an object rotational fluctuation difference among
the rotational fluctuation differences successively
calculated in one cycle of the internal combustion‘engine is
not less than a preset random misfire judgment value. In this
embodiment, the rotational fluctuation computation unit
calculates an angular velocity at every preset crank angle of
the crankshaft of the internal combustion engine and computes
a difference between a specific angular velocity corresponding
to an ignition timing in each of the multiple cylinders of the
internal combustion engine and a last angular velocity

calculated immediately before the specific angular velocity,
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as the rotational fluctuation. The rotational fluctuation
computation unit may compute an angular acceleration
corresponding to an ignition timing in each of the multiple
cylinders of the internal combustion engine, as the rotational
fluctuation.

[0017] In the engine misfire identificatién device of the
invention, the rotational fluctuation computation unit may
calculate an angular velocity at every preset crank angle of
the crankshaft of the internal combustion engine and computes
a difference between a specific angular velocity corresponding
to an ignition timing in each of the multiple cylinders of the
internal combustion engine and a last angular velocity
calculated immediately before the specific angular velocity,
as the rotational fluctuation. Further, the rotational
fluctuation computation unit may compute an angular
acceleration corresponding to an ignition timing in each 6f the
multiple cylinders of the internal combustion engine, as the
rotational fluctuation.

[0018] The present invention is directed to a first engine
misfire identification method that identifies a misfire in an
internal combustion engine having multiple cylinders, and the
first engine misfire identification method includes the steps
of: sequentially computing a rotational fluctuation of the
internal combustion engine at every specific crank angle
corresponding to an ignition timing in each of the multiple

cylinders of the internal combustion engine, from a rotational
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position of a crankshaft of the internal combustion engine; and
adopting multiple different misfire judgment logics
corresponding to multiple different misfire patterns to
identify alniéfire in the internal combustion engine, based on
the sequentially computed rotational fluctuations, where the
multiple different misfire judgment logics include at least one
of a single misfire judgment logic to identify a single misfire
pattern where only one of the multiple cylinders has amisfire,
a consecutive misfire judgment logic to identify a consecutive
misfire pattern where two consecutive cylinders among the
multiple cylinders have ﬁisfires, and an intermittent misfire
judgment logic to identify an intermittent misfire pattern
where two non-consecutive cylinders across one combustion
cylinder have misfires.

[0019] The first engine misfire identification method of the
invention sequentially computes the rotational fluctuation of
the internal combustion engine at every specific crank angle
corresponding to the ignition timing in each of the multiple
cylinders of the internal combustion engine, from the
rotational position of the crankshaft of’the internal
combustion engine, and adopts the multiple different misfire
judgmentlogicscorrespondingtx>themultipledifferentmisfire
patternstoidentifyanﬁsfireintheinternalcombustionengine,
based on the sequentially computed rotational fluctuations.
The multiple different misfire judgment logics adopted for

identification of a misfire in the internal combustion engine
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include at least one of a single misfire judgment logic ‘to
identify a single misfire pattern where only one of the multiple
cylinders has a misfire, a consecutive misfire judgment logic
to identify a consecutive misfire pattern where two consecutive
cylinders among the multiple cylinders have misfires, and an
intermittehtmisfirejudgmentlogictoidentifyanintermittent
misfire pattern where two non-consecutive cylinders across one
combustion cylinder have misfires. This arrangement
distinctly and adequately identifies the occurrence and the
pattern of the misfire in the internal combustion engine with
high accuracy.

[0020] In the first engine misfire identification method of the
invention, the single misfire judgment logic identifies a
single misfire in the internal combustion engine when only one
rotational fluctuation defined as an object rotational
fluctuation among the rotational fluctuations sequentially
computed in one cycle of the internal combustion engine by the
rotational fiuctuation computation unit is not less than a
preset single misfire judgment value and when a ratio of another
rotational fluctuation to the object rotational fluctuation of
not less than the preset single misfire judgment value is in
a preset single misfire judgment range; the consecutive misfire
judgment logic successively calculates a rotational
fluctuation difference as a difference between each of the
rotational fluctuations sequentially computed at every

specific crank angle and a previous rotational fluctuation
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computed at a crank angle of 360 degrees before the specific
crank angle, and identifies consecutive misfires in the
internal combustion engine when only one rotational fluctuation
difference defined as an object rotational fluctuation
difference among the rotational fluctuation differences
successively calculated in one cycle of the internal combustion
engine is not less than a preset consecutive misfire judgment
value; and the intermittent misfire judgment logic successively
calculates a total rotational fluctuation as a sum of each of
the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identifies intermittent misfires in the
internal combustion engine when only one total rotational
fluctuation defined as an object total rotational fluctuation
among the total rotational fluctuations successively
calculated in one cycle of the internal combustion engine is
not less than a preset intermittent misfire judgment value.
[0021] The present invention is directed to a second engine
misfire identification method that identifies a misfire in an
internal combustion engine having an even number of multiple
cylinders, and the second engine misfire identification method
includes the steps of: sequentially computing a rotational
fluctuation of the internal combustion engine at every specific
crank angle corresponding to an ignition timing in each of the

multiple cylinders of the internal combustion engine, from a
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rotational position of a crankshaft of the internal combustion
engine; and adoptingmultiple different misfire judgment logics
corresponding to multiple different misfire patterns to
identify a misfire in the internal combustion engine, based on
the sequentially computed rotational fluctuations, where the
multiple different misfire judgment logics include at least one
of a singlernisfife judgment logic to identify a single misfire
pattern where only one of the multiple cylinders has a misfire,
a consecutive misfire judgment logic to identify a consecutive
misfire pattern where two consecutive cylinders among the
multiple cylinders have misfires, an intermittent misfire
judgment logic to identify an intermittent misfire pattern
where two non-consecutive cylinders across one combustion
cylinder have misfires, an opposed misfire judgment logic to
identify an opposed misfire pattern where two opposed cylinders
among the multiple cylinders have misfires, and a randommisfire
judgment logic to identify a random misfire pattern where one
ofthenmltiplecylindershaseamisfiréirregularl?jjlonecycle
of the internal combustion engine.

[0022] The second engine misfire identification method of the
invention sequentially computes the rotational fluctuation of
the internal combustion engine at every specific crank angle
corresponding to the ignition timing in each of the multiple
cylinders of the internal combustion engine, from the
rotational position of the crankshaft of the internal

combustion engine, and adopts the multiple different misfire
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judgmentlogicscorrespondingtx>themultipledifferentmisfire
patterns to identify amisfire in the internal combustion engine,
based on the sequentially computed rotational fluctuations.
The multiple different misfire judgment logics adopted for
identification of a misfire in the internal combustion engine
include at least one of a single misfire judgment logic to
identify a single misfire pattern where only one of the multiple
cylinders has a misfire, a consecutive misfire judgment logic
to identify a consecutive misfire pattern where two consecutive
cylinders among the multiple cylinders have misfires, an
intermittent misfire judgment logic to identify an intermittent
misfire pattern where two non-consecutive cylinders across one
combustion.cylinder'havexnisfires, an opposed misfire judgment
logic to identify an opposed misfire pattern where two opposed
cylinders among the multiple cylinders have misfires, and a
random misfire judgment logic to identify a random misfire
pattern where one of the multiple cylinders has a misfire
irregularly in one cycle of the internal combustion engine.
This arrangement distinctly and adequately identifies the
occurrence and the pattern of the misfire in the internal
combustion engine with high accuracy.

[0023] In the second engine misfire-identification method of
the invention, the single misfire judgment logic may identify
a single misfire in the internal combustion engine when only
one rotational fluctuation defined as an object rotational

fluctuation among the rotational fluctuations sequentially
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computed in one cycle of the internal combustion engine by the
rotational fluctuation computation unit is not less than a
preset single misfire judgment value and when a ratio of another
rotational fluctuation to the object rotational fluctuation of
not less than the preset single misfire jﬁdgment value is in
a preset single misfire judgment range; the consecutive misfire
judgment ‘logic successively may calculate a rotational
fluctuation difference as a difference between each of the
rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the spedific
crank angle, and identifies consecutive misfires in the
internal combustion engine when only one rotational fluctuation
difference defined as an object rotational fluctuation
difference among the rotational fluctuation differences
successively calculated in one cycle of the internal combustion
engine is not less than a preset consecutive misfire judgment
value; and the intermittent misfire judgment logic successively
may calculate a total rotational fluctuation as a sum of each
of the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identify intermittent misfires in the internal
combustion engine when only one total rotational fluctuation
defined as an object total rotational fluctuation among the

total rotational fluctuations successively calculated in one
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cycle of the internal combustion engine is not less than a preset
intermittent misfire judgment value; the opposed misfire
judgment logic successively may calculate a rotational
fluctuation difference as a difference between each of the
rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 120 degrees before the specific
crank angle, and identifies opposed misfires in the internal
combustion engine when two rotational fluctuation differences
defined as two object rotational fluctuation differences among
the rotational fluctuation differences successively
calculated in one cycle of the internal combustion engine are
not less than a preset opposed misfire judgment value; and the
random misfire judgment logic successively may calculate a
rotational fluctuation difference as a difference between each
of the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 90 degrees before the specific crank
angle, and identifies a random misfire in the internal
combustion engine when one rotational fluctuation difference
defined as an object rotational fluctuation difference among
the rotational fluctuation differences successively
calculated in one cycle of the internal combustion engine is

not less than a preset random misfire judgment value.

Brief Description of the Drawings
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Fig. 1 schematically illustrates the configuration of a
hybrid vehicle equipped with an engine misfire identification
device in a first embodiment of the invention;

Fig. 2 illustrates the schematic structure of an engine
electronic control unit mounted on the hybrid vehicle of Fig.
1 to function as the engine misfire identification device and
an engine driven and controlled by the engine electronic control
unit;

Fig. 3 is a flowchart showing an engine misfire
identification routine executed by the engine electronic
control unit of Fig. 2;

Fig. 4 is a flowchart showing the details of a single
misfire identification process in the engine misfire
identification routine of Fig. 3;

Fig. 5 is a flowchart showing the details of a consecutive
misfire identification process in the engine misfire
identification routine of Fig. 3;

Fig. 6 is a flowchart showing the details of an
intermittent misfire identificaéion process in the engine
misfire identification routine of Fig. 3;

Fig. 7 shows variations in first single misfire judgment
value Al against the amount of intake air Ga in each rotation
of a crankshaft with regard to various rotation speeds N of the
crankshaft;

Fig. 8 shows a time change of a rotational fluctuation

Nxd in the occurrence of a single misfire;
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Fig. 9 shows variations in first consecutive misfire
judgment value Bl against the amount of intake air Ga in each
rotation of the crankshaft with regard to the various rotation
speeds N of the crankshaft;

Fig. 10 shows a time change of a rotational fluctuation
difference Nxdflx in the occurrence of consecutive misfires;

Fig. 11 shows variation in first intermittent misfire

judgment value C1l against the amount of intake air Ga in each

rotation of the crankshaft with regard to the various rotation
speeds N of the crankshaft; .

Fig. 12 shows a time change of a total rotational
fluctuation Nxdint in the occurrence of intermittent misfires;
Fig. 13 is a flowchart showing an engine misfire
identification routine executed by the engine electronic

control unit in a second embodiment of the invention;

Fig. 14 is a flowchart showing the details of an opposed
misfire identification process in the engine misfire
identification routine of Fig. 13;

Fig. 15 is a flowchart showing the details of a random
misfire identification process in the engine misfire
identification routine of Fig. 13;

Fig. 16 shows variations in first opposed misfire
judgment value D1 against the amount of intake air Ga in each
rotation of the crankshaft with regard to the various rotation
speeds N of the crankshaft;

Fig. 17 shows a time change of a 120-degree rotational
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fluctuation difference Nxd120 in the occurrence of opposed
misfires;

Fig. 18 shows variations in first random misfire judgment
value El1 against the amount of intake air Ga in each rotation
of the crankshaft with regard to the various rotation speeds
N of the crankshaft; and

Fig. 19 shows a time change of a 90-dgree rotational
fluctuation difference Nxd90 in the occurrence of random

misfires.

Best Modes of Carrying Out the Invention

[0024] Sohe modes of carrying out the invention are described
below as preferred embodiments. Fig. 1 schematically
illustrates the configuration of a hybrid vehicle 20 equipped
with an engine misfire identification device in a first
embodiment of the invention. Fig. 2 illustrates the schematic
structure of an engine'electfonic control unit 24 functioning
as the engine misfire identification device and an engine 22
driven and controlled by the engine electronic control unit 24.
As shown in Fig. 1, the hybrid vehicle 20 of the embodiment
includes the engine 22 that is driven and controlled by the
engine électronic control unit 24 (shown as engine ECU in Fig.
1), a planetary gear mechanism 30 that includes a carrier linked
to a crankshaft 26 or an output shaft of the engine 22 and a
ring gear linked to a driveshaft coupled with an axle of drive

wheels 69a and 69b, and a motor MG1 that is connected to a sun
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gear of the planetary gear mechanism 30, is driven and
controlled via an inverter 41 by a motor electronic control unit
40 (shown as motor ECU in Fig. 1), and is capable of generating
electric power. The hybrid vehicie 20 of the embodiment also
includes a motor MG2 that is attached to the driveshaft coupled
with the axle of the drive wheels 69a and 69b, is driven and
controlled via an inverter 42 by the motor electronic control
unit 40, and is capable of inputting and outputting power, a
battery S0 that transmits electric power to and from the motors
MG1 and MG2 via the inverters 41 and 42, and a hybrid electronic
control unit 70 that controls the operations of the whole hybrid
vehicle 20. The hybrid electronic control unit 70 is
constructed as a microprocessor including a CPU 72, a ROM 74
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, a gearshift position SP
or a current setting position of a gearshift lever 81 from a
gearshift position sensor 82, an accelerator opening Acc 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 communicates with the engine electronic control unit 24 and

with the motor electronic control unit 40 via the communication
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port to send control signals to and receive data from the engine
electronic control unit 24 and the motor electronic control unit
40.

[0025] The engine 22 is an inline six-cylinder internal
combustion engine that consumes a hydrocarbon fuel, for example,
gasoline or light oil, and outputs power. As shown in Fig. 2,
the air cleaned by an air cleaner 122 and taken in via a throttle
valve 124 is mixed with the atomized gasoline injected by a fuel
injection valve 126 to the air-fuel mixture. An intake valve
128 is opened to introduce the air-fuel mixture into a
combustion chamber of each of the six cylinders. The introduced

air-fuel mixture is ignited with spark of an ignition plug 130

to be explosively combusted. The reciprocating motions of a

piston 132 in each cylinder by the combustion energy are
converted into rotational motions of the crankshaft 26. The
exhaust from the engine 22 goes through a catalytic converter
(three-way catalyst) 134 that converts toxic components
included in the exhaust, that is, carbon monoxide (CO),
hydrocarbons (HC), and nitrogen oxides (NOX), into harmless
components, and is discharged to the outside air. In the engine
22 of the embodiment, the pistons 132 of the respective six
cylinders are arranged oh the crankshaft 26 to have ignition
timings shifted at intervals of a crank angle CA of 120 degrees.
[0026] The engine electronic control unit 24 for controlling
the operations of the engine 22 is constructed as a

microprocessor including a CPU 24a, a ROM 24b that stores



10

15

20

25

WO 2006/075766 PCT/JP2006/300568

32

processing programs, a RAM 24c that temporarily stores data,
a flash memory (not shown), input and output ports (not shown),
and a communication port (not shown). The engine electronic
control unit 24 receives, via its input port, signals from

various sensors that measure and detect the conditions of the
engine 22. The signals input into the engine electronic control
unit 24 include a crank angle CA from a crank angle sensor 140
measured as the rotational angle of the crankshaft 26, a cooling
water temperature from a water temperature sensor 142 measured
as the temperature of cooling water circulated in the engiﬁe
22, a cam position from a cam position sensor 144 measured as
the rotational position of a camshaft driven to open and close
the intake valve 128 and an exhaust valve for gas intake and
exhaust into and from the combustion chamber, a ﬁhrottle valve
position from a throttle valve position sensor 146 detected as
the positﬁon.of the throttle valve 124, and an amount of intake
air Ga froma vacuum sensor 148 measured as the load of the engine
22. The crank angle sensor 140 is an MRE rotation sensor having
a magnetic resistance element arranged at a position to face
a magnet rotor (not shown) attached to the crankshaft 26. The
crank angle sensor 140 generates a pulse at every preset angle
(for example, at a crank angle CA of every 10 degrees). The
procedure of this embodiment specifies the crank angle CA and
computes a rotation speed N of the engine 22 from the pulées
generated by the crank angle sensor 140. The engine electronic

control unit 24 outputs, via its output port, diverse control
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signals and driving signals to drive and control the engine 22,
for example, driving signals to the fuel injection valve 126,
driving signals to a throttle motor 136 for regulating the
position of the throttle valve 124, controls signals to an
ignition coil 138 integrated with an igniter, and control
signals to a variable valve timing mechanism 150 to vary the
open and close timings of the intake valve 128. As mentioned
previously, the engine electronic control unit 24 communicates
with the hybrid electronic control unit 70. The engine
electronic control unit 24 receives the control signals from
the hybrid electronic control unit 70 to drive and control the
engine 22, while outputting data regarding the driving
conditions of the engine 22 to the hybrid electronic control
unit 70 according to the requirements.

[0027] The description regards the operations of the hybrid
vehicle 20 of the embodiment constructed as diécussed above,
especially a series of control execut‘ed by the engine electronic
control unit 24 to identify misfires of the engine 22. Fig.
3 is a flowchart showing an engine misfire identification
routine executed by the engine electronic control unit 24. The
engine misfire identification routine is performed repeatedly
after a start of the engine 22.

[0028] In the engine misfire identification routine, the engine
electronic control unit 24 inputs data required for
identification of misfires, that is, the crank angle CA from

the crank angle sensor 140 and the amount of intake air Ga from
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the vacuum sensor 148 (step S100), and computes the rotation
speed N of the crankshaft 26 at every specific crank angle CA,
that is, at every 60 degrees, from the input crank angle CA (step
S110). The rotation speed N of tﬁe crankshaft 26 at the crank
angle CA of every 60 ﬁegrees is computable from the interval
of pulses generated at the crank angle CA of every 10 degrees.
The engine electronic control unit 24 then calculates a
difference between a specific rotation speed N at a specific
crank angle CA and a previous rotation speed N at a crank angle
CA of 120 degrees before the specific crank angle CA, as a
rotational fluctuation Nxd at the crank angle CA of every 120
degrees corresponding to the ignition timing in each.cylinder
of the engine 22 (step S$120). The engine electronic control
unit 24 calculates a difference between a specific rotational
fluctuation Nxd at a specific crank angle CA and a previous
rotational fluctuation Nxd at a crank angle CA of 360 degrees
before the specific crank angle CA, as a rotational fluctuation
difference Nxdflx (step S130). The engine electronic control
unit 24 sums up the specific rotational fluctuation Nxd at the
specific crank angle CA and the previous rotational fluctuation
Nxd at the crank angle CA of 360 degrees before the specific
crank angle CA to give a total rotational fluctuation Nxdint
(step S140). The rotational fluctuation Nxd is calculated at
the crank angie CA of every 120 degrees. The previous
rotational fluctuation Nxd at the crank angle CA of 360 degrees

before the specific crank angle CA is accordingly obtained by
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the third last calculation. In the flowchart of Fig. 3, the
specific rotational fluctuation Nxd at the specific crank angle
CA and the previous rotational fluctuation Nxd at the crank
angle CA of 360 degrees before the specific crank angle CA are
expressed respectively as Nxd(n) and Nxd(n-3).

[0029] After calculation of the rotational fluctuation Nxd, the
rotational fluctuation difference Nxdflx, and the total

rotational fluctuation Nxdint, the engine electronic control

unit 24 sequentially performs a single misfire identification

process (step S150), a consecutive misfire identification

process (step S160), and an intermittent misfire identification
process (step S170) with these calculated values to detect a
single misfire, consecutive misfires, or intermittent misfires
if any and exits from the engine misfire identification routine
of Fig. 3. The single misfire identification process of step
S150 identifies a single misfire pattern where only one of the
six cylinders has a misfire, and is performed according to the
flowchart of Fig. 4. The consecutive misfire identification
process of step S160 identifies a consecutive misfire pattern
where two consecutive cylinders among the six cylinders have
misfires, and is performed according to the flowchart of Fig.
5. The intermittent misfire identification process of step
S170 identifies an intermittent misfire pattern where two

non-consecutivecylindersacrossonecnmbustioncylinderamdng
the six cylinders have misfires, and is performed according to

the flowchart of Fig. 6. The details of the single misfire



10

15

20

25

WO 2006/075766 PCT/JP2006/300568

36

identification process, the consecutive misfire
identification process, and the intermittent misfire
identification process are sequentially described below with
reference to the flowcharts of Figs. 4 through 6.

[0030] In the single misfire identification process shown in
the flowchart of Fig. 4, the engine electronic control unit 24
sets a first single misfire judgment value Al as one reference
value for identifying a single misfire, based on the rotation
speed N of the crankshaft 26 and the amount of intake air Ga
(step S200) . The first single misfire judgment value Al is set
to decrease with an increase in rotation speed N of the
crankshaft 26 and to increase with an increase in amount of
intake air Ga in each rotation of the crankshaft 26. Fig. 7
shows variations in first single misfire judgment value Al
against the amount of intake air Ga in each rotation of the
crankshaft 26 with regard to various rotation speeds N of the
crankshaft 26. The engine electronic control unit 24 then
compares the calculated rotational fluctuation Nxd with the
first single misfire judgment value Al (step S210). When the
rotational fluctuation Nxd is not greater than the first single
misfire judgment value Al at step S210, the engine electronic
control unit 24 determines the non-occurrence of a single
misfire and immediately terminates the single misfire
identification process of Fig. 4. When the rotational
fluctuation Nxd is greater than the first single misfire

judgment value Al at step S210, on the other hand, the engine
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electronic control unit 24 specifies a third cylinder among the
six cylinders as a misfire cylinder with the greater rotational
fluctuation Nxd (that is, Nxd(3)) (step S220) .‘ The engine
electronic control unit 24 then divides a third last rotational
fluctuation Nxd(0) of a third last cylinder before the misfire
cylinder by the rotational fluctuation Nxd(3) of the misfire
cylinder to calculate a rotational fluctuation ratio Nja2 (step
S230). Similarly the engine electronic control unit 24 divides
a last rotational fluctuation Nxd(2) of a last cylinder
immediately before the misfire cylinder by the rotational
fluctuation Nxd(3) of the misfire cylinder to calculate a
rotational fluctuation ratio Nja3 (step S240), and divides a
next rotational fluctuation Nxd(4) of a next cylinder
immediately after the misfire cylinder by the rotational
fluctuation Nxd(3) of the misfire cylinder to calculate a
rotational fluctuation ratio Nja4 (step S250). The engine
electronic control unit 24 sequentially determines whether the
calculated rotational fluctuation ratio Nja2 is in a range of
second single misfire judgment values A21 and A22 (step S260),
whether the calculated rotational fluctuation ratio Nja3 is in
a range of third single misfire judgment values A31 and A32 (step
S270), and whether the calculated rotational fluctuation ratio
Nja4 is in a range of fourth single misfire judgment values A4l
and A42 (step $280). The second single misfire judgment values
A21 and A22, the third single misfire judgment values A31 and

A32, and the fourth single misfire judgment values A4l and A42
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are experimentally or otherwise set to define a range about the
rotational fluctuation ratio Nja2, a range about the rotational
fluctuation ratio Nja3, and a range about the rotational
fluctuation ratio Nja4 in the occurrence of a single misfire.
When the rotational fluctuation ratios Nja2, Nja3, and Nja4 are
respectively in the range of the second single misfire judgment
values A21 and A22, in the range of the third single misfire
judgment values A31 and A32, and in the range of the fourth single
misfire judgment values A4l and A42 (all of steps S260, S270,
S280: Yes), the engine electronic control unit 24 determines
the occurrence of a single misfire and outputs information on
the occurrence of a single misfire (step S290), before
terminating the single misfire identification process of Fig.
4. When the rotational fluctuation ratio Nja2 is out of the
range of the second single misfire judgment values A21 and A22,
when the rotational fluctuation ratio Nja3 is out of the range
of the third single misfire judgment values A31 and A32, or when
the rotational fluctuation ratio Nja4 is out of the range of
the fourth single misfire judgment values A4l and A42 (one of
steps S260, S270, $280: No), the engine electronic control unit
24 determines the non-occurrence of any single misfire and
terminates the single misfire identification process of Fig.
4. Fig. 8 shows a time change of the rotational fluctuation
Nxd in the occurrence of a single misfire. As clearly shown
in Fig. 8, in the occurrence of a single misfire, only one

cylinder in one cycle of the engine 22 has the rotational
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fluctuation Nxd distinctly exceeding the first single misfire
judgment value Al. The procedure of this embodiment sets the
first single misfire judgmeht value Al as the criterion of
distinctidentificationandidenpifieseasinglemisfirepattern
based on the rotational fluctuation ratios Nja2, Nja3, and Nja4.
This arrangement thus ensures the adequate identification of
a single misfire with high accuracy.

[0031]) In the consecutive misfire identification process shown

in the flowchart of Fig. 5, the engine electronic control unit

24 sets a first consecutive misfire judgment value Bl as one
reference value for identifying consecutive misfires, based on
the rotation speed N of the crankshaft 26 and the amount of intake
air Ga (step S$300). Like the first single misfire judgment
value Al, the first consecutive misfire judgment value Bl is
set to decrease with an increase in rotation speed N of the
crankshaft 26 and to increase with an increase in amount of
intake air Ga in each rotation of the crankshaft 26. Fig. 9
shows variations in first consecutive misfire judgment value
Bl against the amount of intake air Ga in each rotation of the
crankshaft 26 with regard to the various rotation speeds N of
the crankshaft 26. The engine electronic control unit 24 then
compares the calculated rotational fluctuation difference
Nxdflx with the first consecutive misfire judgment value Bl
(step S310). When the rotational fluctuation difference
Nxdflx is not greater than the first consecutive misfire

judgment value Bl at step S310, the engine electronic control
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unit 24 determines the non-occurrence of consecutive misfires
and immediately terminates the consecutive misfire
identification process of Fig. 5. When the rotational
fluctuation difference Nxdflx is greater than the first
consecutive misfire judgment value Bl at step $S310, on the other
hand, the engine electronic control unit 24 specifies a third
cylinder among the six cylinders as amisfire cylinder with the
greater rotational fluctuation difference Nxdflx (that is,
Nxdflx(3)) (step S320). The engine electronic control unit 24
thendivides a last rotational fluctuation difference Nxdflx(2)
of a last cylinder immediately before the misfire cylinder by
the rotational fluctuation difference Nxdflx(3) of the misfire

cylinder tocalculate a rotational fluctuationdifference ratio

" Njb2 (step S330), and divides a next rotational fluctuation

difference Nxdflx(4) of a next cylinder immediately after the
misfire cylinder by the rotational fluctuation difference
Nxdflx(3) of the misfire cylinder to calculate a rotational
fluctuation difference ratio Njb3 (step S340). The engine
electronic control unit 24 determines whether the calculated
rotational fluctuation difference ratio Njb2 is in a range of
second consecutive misfire judgment values B21 and B22 and
whether the calculated rotational fluctuation difference ratio
Njb3 is in a range of third consecutive misfire judgment values
B31 and B32 (step 8350). The second consecutive misfire
judgment values B21 and B22 and the third consecutive misfire

judgment values B31 and B32 are experimentally or otherwise set
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to define a range about the rotational fluctuation difference
ratio Njb2 and a range about the rotational fluctuation
difference ratio Njb3 in the occurrence of consecutive misfires.
When the rotational fluctuation difference ratio Njb2 is out
of the range of the second consecutive misfire judgment values
B21 and B22 and when the rotational fluctuation difference ratio
Nijb3 is out of the range of the third consecutive misfire
judgment valuesz31 and B32 (step S8350: No), the engine
electronic control unit 24 determines the non-occurrence of
consecutive misfires and terminates the consecutive misfire
identification process of Fig. 5. Whén the rotational
fluctuation difference ratio Njb2 is in the range of the second
consecutive misfire judgment values B21 and B22 or when the
rotational fluctuation difference ratio Njb3 is in the range
of the third consecutive misfire judgment values B31l and B32
(step S350: Yes), on the other hand, the engine electronic
control unit 24 divides a third last rotational fluctuation
difference Nxdflx (0) of a third laét cylinder before the
misfire cylinder by the rotational fluctuation difference
Nxdflx (3) of the misfire cylinder to calculate a rotational
fluctuation difference ratio Njb4 (step S360) and determines
whether the galculated rotational fluctuation difference ratio
Njb4 is in a range of fourth consecutive misfire judgment values
B41 and B42 (step S370). The fourth consecutive misfire
judgment values B41 and B42 are experimentally or otherwise set

to define a range about the rotational fluctuation difference
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ratio Nj b4 in the occurrence of consecutive misfires. When the
rotational fluctuation difference ratio Njb4 is in the range
of the fourth consecutive misfire judgment values B4l and B42
(step S370: Yes), the engine electronic control unit 24
determines the occurrence of consecutive misfires and outputs
information on the occurrence of consecutive misfires (step
S380), before terminating the consecutive misfire
identification process of Fig. 5. When the rotational
fluctuation difference ratio Njb4 is out of the range of the
fourth consecutive misfire judgment values B41 and B42 (step
S370: No), the engine electronic control unit 24 determines the
non-occurrence of consecutive misfires and terminates the
consecutive misfire identification process of Fig. 5. Fig. 10
shows a time change of the rotational fluctuation difference
Nxdflx in the occurrence of consecutive misfires. As clearly
shown in Fig. 10, in the occurrence of consecutive misfires,
the rotational fluctuation difference Nxdflx of the misfire
cylinder distinctly exceeds the firét consecutive misfire
judgment value Bl. The procedure of this embodiment sets the
first consecutive misfire judgment value Bl as the criterion
of distinct identification and identifies a consecutivemisfire
pattern based on the rotational fluctuation difference ratios
Njb2, Njb3, and Njb4. This arrangement thus ensures the
adequate identification of consecutive misfires with high
accuracy.

[0032]) In the intermittent misfire identification process shown
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in the flowchart of Fig. 6, the engine electronic control unit
24 sets a fifst intermittent misfire judgment value Cl as one
reference value for identifying intermittent misfires, based
on the rotation speed N of the crankshaft 26 and the amount of
intake air Ga (step S400). Like the first single misfire

judgment value Al and the first consecutive misfire judgment
value Bl, the first intermittent misfire judgment value Cl is
set to decrease with an increase in rotation speed N of the
crankshaft 26 and to increase with an increase in amount of
intake air Ga in each rotation of ﬁhe crankshaft 26. Fig. 11
shows variations in first intermittent misfire judgment value
Cl against the amount of intake air Ga in each rotation of the
crankshaft 26 with regard to the various rotation speeds N of
the crankshaft 26. The engine electronic control unit 24 then
compares the calculated total rotational fluctuation Nxdint
with the first intermittent misfire judgment value Cl (step
S410). When the total rotational fluctuation Nxdint is not
greater than the first intermittent misfire judgment value C1
at step S410, the engine electronic control unit 24 determines
the non-occurrence of intermittent misfires and immediately
terminates the intermittent misfire identification process of
Fig. 6. When the total rotational fluctuation Nxdint is greater
than the first intermittent misfire judgment value Cl at step
S410, on the other hand, the engine electronic control unit 24
specifies a third cylinder among the six cylinders as a misfire

cylinder with the greater total rotational fluctuation Nxdint
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(that is, Nxdint(3)) (step S420). The engine electronic
control unit 24 then divides a last total rotational fluctuation
Nxdint (2) of a last cylinder immediately before the misfire
cylinder by the total rotational fluctuation Nxdint (3) of the
misfire cylinder to calculate a total rotational fluctuation
ratio Njc2 (step S430), and determines whether the calculated
total rotational fluctuation ratio Njc2 is less than a preset.
second intermittent misfire judgment value C2 (step S440). The
second intermittent misfire judgment value C2 is experimentally
or otherwise set to be greater than the total rotational
fluctuation ratio Njc2 in the occurrence of intermittent
misfires and to be less than the total rotational fluctuation
ratio Njc2 in the non-occurrence of intermittent misfires.
When the total rotational fluctuation ratio Njc2 is less than
the preset second intermittent misfire judgment value C2 (step
S440: Yes), the engine electronic control unit 24 determines
the occurrence of intermittent misfires and outputs information
on the occurrence of intermittent misfires (step S450), before
terminating the intermittent misfire identification process of
Fig. 6. When the total rotational fluctuation ratio Njc2 is
not less than the preset second intermittent misfire judgment
value C2 (step S440: No), the engine electronic control unit
24 determines the non-occurrence of intermittent misfires and
terminates the intermittent misfire identification.procesé of
Fig. 6. Fig. 12 shows a time change of the total rotational

fluctuation Nxdint in the occurrence of intermittent misfires.
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As clearly shown in Fig. 12, in the occurrence of intermittent
misfires, the total rotational fluctuation Nxdint of the
misfire cylinder distinctly exceedé the first intermittent
misfire judgment value Cl. The procedure of this embodiment
sets the first intermittent misfire judgment value Cl as the
criterion of distinct identification and identifies an
intermittent misfire pattern based on the total rotational
fluctuation ratio Njc2. This arrangement thus ensures the
adequate identification of intermittent misfires with high
accuracy.

[0033] As described above, the engine misfire identification
device mounted on the hybrid vehicle 20 of the embodiment
performs the single misfire identification process, the
consecutive misfire identification process, and the
intermittent misfire identification process with the
rotational fluctuation Nxd, the rotational fluctuation
difference Nxdflx, and the total rotational fluctuation Nxdint
to adequately and accurately identify a single misfire,
consecutive misfires, and intermittent misfires. The engine
misfire identification device of the embodiment uses multiple
different misfire judgment logics corresponding to multiple
different misfire patterns to identify the misfires of the
engine 22. This arrangement thus adequately and accurately
identifies the occurrence and the pattern of misfires in the
engine 22.

[0034] The engine misfire identification device mounted on the
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hybrid vehicle 20 of the embodiment distinctly and adequately
identifies a single misfire with high accuracy, based on the
rotational fluctuation Nxd calculated as the variation in
rotation speed N of the crankshaft 26 at the crank angle CA of
every 120 degrees corresponding to the ignition timing in each
cylinder of the engine 22. The first single misfire judgment
value Al is set corresponding to the rotation speed N of the
crankshaft 26 and the amount of intake air GaAin each rotation
of the crankshaft 26. The use of this first single misfire
judgment value Al ensures the adequate and accurate
identification of a single misfire. The engine misfire
identification device mounted on the hybrid vehicle 20 of the
embodiment identifies the single misfire pattern, basedcxlphe
rotational fluctuation ratio Nja2 of the third last rotational
fluctuation Nxd(0) to the rotational fluctuation Nxd(3)
exceeding the first single misfire judgment value Al, the
rotational fluctuation ratio Nja3 of the last rotational
fluctuation Nxd(2) to the rotational fluctuation Nxd(3), and
the rotational fluctuation ratio Nja4 of the next rotational
fluctuation Nxd(4) to the rotational fluctuation Nxd(3). This
arrangement ensures the adequate and accurate identification
of a single misfire and allows an adequate countermeasure to
be taken against the identified single misfire.

[0035) The engine misfire identification device mounted on the
hybrid vehicle 20 of the embodiment distinctly and adequately

identifies consecutive misfires with high accuracy, based on
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the rotational fluctuation difference Nxdflx calculated as the
difference between the rotational fluctuations Nxd at the
interval of the crank angle CA of 360 degrees, where the
rotational fluctuation Nxd represents the variation in rotation
speed N of the crankshaft 26 at the crank angle CA of every 120
degrees corresponding to the ignition timing in each cylinder
of the engine 22. The first consecutive misfire judgment value
Bl is set corresponding to the rotation speed N of the crankshaft
26 and the amount of intake air Ga in each rotation of the
crankshaft 26. The use of this first consecutive misfire
judgment value Bl ensures the adequate and accurate
identification of consecutive misfires. The engine misfire
identification device mounted on the'hybrid vehicle 20 of the
embodiment identifies the consecutive misfire pattern, based
on the rotational fluctuation difference ratio Njb2 of the last
rotational fluctuation difference Nxdflx(2) to the rotational
fluctuation difference Nxdflx(3) exceeding the first
consecutive misfire judgment value Bl, the rotational
fluctuation difference ratio Njb3 of the next rotational
fluctuation difference Nxdflx(4) to the rotational fluctuation
difference Nxdflx(3), and the rotational fluctuation
difference ratio Njb4 of the third last rotational fluctuation
difference Nxdflx(0) to the rotational fluctuation difference
Nxdflx(3). This arrangement ensures the adequate and accurate
identification of consecutive misfires and allows an adequate

countermeasure to be taken against the identified consecutive
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misfires.

{0036] The engine misfire identification device mounted on the
hybrid vehicle 20 of the embodiment distinctly and adequately
identifies intermittent misfires with high accuracy, based on
the total rotational fluctuation Nxdint calculated as the sum
of the rotational fluctuations Nxd at the interval of the crank
angle CA of 360 degrees, where the rotational fluctuation Nxd
represents the variation in rotation speed N of the crankshaft
26 at the crank angle CA of every 120 degrees corresponding to
the ignition timing in each cylinder of the engine 22. The first
intermittent misfire judgment value Cl is set corresponding to
the rotation speed Nof the crankshaft 26 and the amount of intake
air Ga in each rotation of the crankshaft 26. The use of this
first intermittent misfire judgment value Cl1l ensures the
adequate and accurate identification of intermittent misfires.
The engine misfire identification device mounted on the hybrid
vehicle 20 of the embodiment identifies the intermittent
misfire pattern, based on the total‘rotational fluctuation
ratio Njc2 of the last total rotational fluctuation Nxdint (2)
to the total rotational fluctuation Nxdint (3) exceeding the
first intermittent misfire judgment value Cl. This
arrangement ensures the adequate and accurate identification
of intermittent misfires and allows an adequate countermeasure
to be taken against the identified intermittent misfires.
[0037] The engine misfire identification device mounted on the

hybrid vehicle 20 of the embodiment performs the single misfire
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identification process, the consecutive misfire
identification process, and the intermittent misfire
identification process with the rotational fluctuation Nxd, the
rotational fluctuation difference Nxdflx, and the total
rotational fluctuation Nxdint to identify a single misfire,
consecutive misfires, and intermittent misfires. The misfire
judgment logics adopted by the engine misfire identification
device for identification of misfires are not restricted to the
single misfire identification process, the consecutive misfire
identification process, or the intermittent misfire
identification process but may be diversity of other misfire
judgment logics corresponding to diversity of other misfire
patterns. The use of all these misfire judgment logics for
identification of misfires is not essential. One modified
procedure may adopt only part of these misfire judgment logics
and execute only some of the single misfire identification
process, the consecutive misfire identification process, and
the intermittent misfire identification process to identify
misfires.

[0038] The engine misfire identification device mounted on the
hybrid vehicle 20 of the embodiment calculates the rotational
fluctuation Nxd at the crank angle CA of every 120 degrees
corresponding to the ignition timing in each cylinder of the
engine 22 as the variation in rotation speed N of the crankshaft
26 computed at the crank angle CA of every 60 degrees. The

rotational fluctuation Nxd may be calculated as a variation in
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rotation speed N of the crankshaft 26 computed at the crank angle
CA of every preset degrees. The rotational fluctuation Nxd may
otherwise be calculated as an angular acceleration at the crank
angle CA of every 120 degrees corresponding to the ignition
timing in each cylinder of the engine 22.

[00395 The single misfire identification process executed by
the ehgine misfire identification device mounted on the hybrid
vehicle 20 .0of the embodiment sets the first single misfire
judgment value Al corresponding to the rotation speed N of the
crankshaft 26 and the amount of intake air Ga in each rotation
of the crankshaft 26 and uses this first single misfire judgment
value Al to identify a single misfire. The first singlemisfire
judgment value Al used for identification of a single misfire
may be set only corresponding to the amount of intake air Ga
in each rotation of the crankshaft 26 regardless of the rotation
speed N of the crankshaft 26 or may alternatively be set only
corresponding to the rotation speed N of the crankshaft 26
regardless of the amount of intake air Ga in each rotation of
the crankshaft 26. The first single misfire judgment value Al
used for identification of a single misfire may otherwise be
set regardless of the rotation speed N of the crankshaft 26 and
the amount of intake air Ga in each rotation of the crankshaft
26,

[0040]) The single misfire identification process executedvby
the engine misfire identification device mounted on the hybrid

vehicle 20 of the embodiment identifies the single misfire
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pattern, based on the rotational fluctuation ratio Nja2 of the
third last rotational fluctuation Nxd(0) to the rotational
fluctuation Nxd(3) exceeding the first single misfire judgment
value Al, the rotational fluctuation ratio Nja3 of the last
rotational fluctuation Nxd(2) to the rotational fluctuation
Nxd(3), and the rotational fluctuation ratio Nja4 of the next
rotational fluctuation Nxd(4) to the rotational fluctuation
Nxd(3). The use of all theserotational fluctuationratios Njaz2,
Nja3, and Nja4 for identification of the single misfire pattern
is not essential. The identification of the single misfire
pattern may be based on only some of these rotational
fluctuation ratios Nja2, Nja3, and Nja4 or may not use any of
these rotational fluctuation ratios Nja2, Nja3, and Nja4.
Another possible modification may use one or multiple different
rotational fluctuation ratios other than these rotational
fluctuation ratios Nja2, Nja3, and Nja4 to identify the single
misfire pattern.

[0041] The consecutive misfire identification process executed
by the engine misfire identification device mounted on the
hybrid vehicle 20 of the embodiment sets the first consecutive
misfire judgment value Bl corresponding to the rotation speed
N of the crankshaft 26 and the amount of intake air Ga in each
rotation of the crankshaft 26 and uses this first consecutive
misfire judgment value Bl to identify consecutive misfires.
The first consecutive misfire judgment value Bl used for

identification of consecutive misfires may be set only
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corresponding to the amount of intake air Ga in each rotation
of the crankshaft 26 regardless of the rotation speed N of the
crankshaft 26 or may alternatively be set only corresponding
to the rotation speed N of the crankshaft 26 regardless of the
amount of intake air Ga in each rotation of the crankshaft 26.
The first consecutive misfire judgment value Bl used for
identification of consecutive misfires may otherwise be set
regardless of the rotation speed N of the crankshaft 26 and the
amount of intake air Ga in each rotation of the crankshaft 26.
[0042] The consecutive misfire identification process executed
by the engine misfire identification device mounted on the
hybrid vehicle 20 of the embodiment identifies the consecutive
misfire pattern, based on the rotational fluctuationdifference
ratio Njb2 of the last rotational fluctuation difference
Nxdflx(2) to the rotational fluctuation difference Nxdflx(3)
exceeding the first consecutive misfire judgment value Bl, the
rotational fluctuation difference ratio Njb3 of the next
rotational fluctuation difference Nxdflx(4) to the rotational
fluctuation difference Nxdflx(3), and the rotational
fluctuation difference ratio Njb4 of the third last rotational
fluctuation difference Nxdflx(0) to the rotational fluctuation
difference Nxdflx(3). The use of all these rotational
fluctuation difference ratios Njb2, Njb3, and Nj54 for
identification of the consecutive misfire pattern is not
essential. The identification of the consecutive misfire

pattern may be based on only some of these rotational



10

15

20

25

WO 2006/075766 PCT/JP2006/300568

53

fluctuation difference ratios Njb2, Njb3, and Njb4 or may not
use any of these rotational fluctuation difference ratios Njb2,
Njb3, and Njb4. Another possible modification may use one or
multiple different rotational fluctuation~difference ratios
other than these rotational fluctuation difference ratios Njb2,
Njb3, and Njb4 to identify the consecutive misfire pattern.
[0043] The intermittent misfire identification process
executed by the engine misfire identification device mounted
on the hybrid vehicle 20 of the embodiment sets the first
intermittent misfire judgment value c1 corresponding to the
rotation speed N of the crankshaft 26 and the amount of intake
air Ga in each rotation of the crankshaft 26 and uses this first
intermittent misfire judgment value C1 to identify intermittent
misfires. The first intermittent misfire judgment value C1
used for identification of intermittent misfires may be set only
corresponding to the amount of intake air Ga in each rotation
of the crankshaft 26 regardless of the rotation speed N of the
crankshaft 26 or may alternatively be set only corresponding
to the rotation speed N of the crankshaft 26 regardless of the
amount of intake air Ga in each rotation of the crankshaft 26.
The first intermittent misfire judgment value Cl used for
identification of intermittent misfires may otherwise be set
regardless of the rotation speed N of the crankshaft 26 and the
amount of intake air Ga in each rotation of the crankshaft 26.
[0044]) The intermittent misfire identification process

executed by the engine misfire identification device mounted
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on the hybrid vehicle 20 of the embodiment identifies the
intermittent misfire pattern, based on the total rotational
fluctuation ratio Njc2 of the last total rotational fluctuation
Nxdint (2) to the total rotational fluctuation Nxdint (3)
exceeding the first intermittent misfire judgment value C1.
The use of this total rotational fluctuation ratio Njc2 for
identification of the intermittent misfire pattern is not
essential. Another possible modification may’uée a different
total rotational fluctuation ratio other than the total
rotational fluctuation ratio Njc2 to identify the intermittent
misfire pattern.

[(0045] A hybrid vehicle 20B equipped with an engine misfire

identification device is described below as a second embodiment

of the invention. The hybridvehicle 20B and the engine misfire

identification device of the second embodiment have the
identical hardware configurations with those of the hybrid
vehicle 20 and the engine misfire identification device of the
first embodiment described previously with reference to Figs.
1 and 2. The like elements in the hybrid vehicle 20B and the
engine misfire identification device of the second embodiment
to those in the hybrid vehicle 20 and the engine misfire
identification device of the first embodiment are expressed by
the like numerals and symbols and are not specifically described
here.

[0046] The description regards the operations of the hybrid

vehicle 20B of the second embodiment constructed as discussed
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above, especially a series of control executed by the engine
electronic control uniﬁ 24 to identify misfires of the engine
22. In the structure of the second embodiment, the engine
electronic control unit 24 executes an engine misfire
identification routine shown in the flowchart of Fig. 13,
instead of the engine misfire identification routine of Fig.
3. In the engine misfire identification routine, the engine
electronic control unit 24 inputs data required for
identification of misfires, that is, the crank angle CA from
the crank angle sensor 140 and the amount of intake air Ga from
the vacuum sensor 148 (step S500). The engine electronic
control unit 24 computes the rotation speed N of the crankshaft
26 at every specific crank angle CA, that is, at every 30 degrees,
from the input crank angle CA (step S510), and calculates a
rotational fluctuation Nxd at the crank angle CA of every 30
degrees as a difference between the rotation speeds N at the
interval of the crank angle CA of 30 degrees (step S520). The
engine electronic control unit 24 calculates differences of a
rotational fluctuation Nxd at the crank angle CA of 90 degrees
before a specific crank angle CA, a rotational fluctuation Nxd
at the crank angle CA of 120 degrees before the specific crank
angle CA, and a rotational fluctuation Nxd at the crank angle
CA of 360 degrees before the specific crank angle CA from a
specific rotational fluctuation Nxd at the specific crank angle
CA corresponding to the ignition timing in each cylinder of the

engine 22, as a 90-degree rotational fluctuation difference
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Nxd90, a 120-degree rotational fluctuation difference Nxd120,
and a 360-degree rotational fluctuation difference Nxd360
(steps S530 to S550). The engine electronic control unit 24
also sums up the specific rotational fluctuation Nxd at the
specific crank angle CA corresponding to the ignition timing
in each cylinder of the engine 22 and the rotational fluctuation
Nxd at the crank angle CA of 360 degrees before the specific
crank angle CA, as a total rotational fluctuation Nxdint (step
S560) . The rotational fluctuation Nxd is calculated at the
crank angle CA of every 30 degrees. The rotational fluctuations
Nxd at the crank angles CA of 90 degrees, 120 degrees, and 360
degrees before the specific crank angle CA are accordingly
obtained by the third last calculation, the fourth last
calculation, and twelfth last calculation. In the flowchart
of Fig. 13, the specific rotational fluctuation Nxd at the
specific crank angle CA and the rotational fluctuations Nxd at
the crank angles CA of 90 degrees, 120 degrees, and 360 degrees
before the specific crank angle CA are expressed respectively
as Nxd(n), Nxd(n-3), Nxd(n-4), and Nxd(n-12).

[0047] After calculation of the rotational fluctuation Nxd, the
rotational fluctuation differences Nxd90, Nxd120, and Nxd360,
and the total rotational fluctuation Nxdint, the engine
electronic control unit 24 sequentially performs a single
misfire identification process (step S$570), a consecutive
misfire identification process (step S580), an intermittent

misfire identification process (step S590), an opposed misfire
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identification process (step S600), and a random misfire
identification process (step S610) with these calculated values
to detect a single misfire, consecutive misfires, intermittent
misfires, opposed misfires, or a randommisfire if any and exits
from the engine misfire identification routine of Fig. 13. The
single misfire identification process of step 8570 identifies
a single misfire pattern where only one of the six cylinders
has a misfire, and is performed according to the flowchart of
Fig. 4. The consecutivemisfire identification process of step
S580 identifies a consecutive misfire pattern where two
consecutive cylindexrs among the six cylinders have misfires,
and is performed according to the flowchart of Fig. 5. The
intermittent misfire identification process of step S590
identifies an intermittent misfire pattern where two
non-consecutive cylinders across one combustion cylinder among
the six cylinders have misfires, and is performed according to
the flowchart of Fig. 6. . The opposed misfire identification
process of step S600 identifies an opposedmisfire pattern where
two opposed cylinders among the six cylinders have misfires,
and is performed according to the flowchart of Fig. 14. The
random misfire identification process of step S610 identifies
a random misfire pattern where one cylinder among the six
cylinders has a misfire irregularly in one cycle of the engine
22, and is performed according to the flowchart of Fig. 15 Améng
these misfire identification processes, the single misfire

identification process, the consecutive misfire
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identification process, and the intermittent misfire
identification process follow the flowcharts of Figs. 4 through
6 discussed above with the different settings of the crank angle
CA for calculation of the rotation speed N and the rotational
fluctuation Nxd, and are thus not described here. The details
of the opposed misfire identification process and the random
misfire identification process are sequentially described
below with refereﬁce to the flowcharts of Figs. 14 and 15.
[0048] In the opbosed misfire identification process shown in
the flowchart of Fig. 14, the engine electronic control unit
24 sets a first opposed misfire judgment value D1 as one
reference value for identifying'opposedrnisfires, based on the
rotation speed N of the crankshaft 26 and the amount of intake
air Ga (step S700). Like the first single misfire judgment
value Al described above, the first opposed misfire judgment
value D1 is set to decrease with an increase in rotation speed
N of the crankshaft 26 and to increase with an increase in amount
of intake air Ga in each rotation of the crankshaft 26. Fig.
16 shows variations in first opposed misfire judgment value D1
against the amount of intake air Ga in each rotation of the
crankshaft 26 with regard to the various rotation speeds N of
the crankshaft 26. The engine electronic control unit 24 then
compares the calculated 120-dgree rotational fluctuation
difference Nxd120 with the first opposed misfire judgment value
D1 (step S710). When the 120-degree rotational fluctuation

difference Nxd120 is not greater than the first opposed misfire
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judgmént value D1 at step S710, the engine electronic control
unit 24 determines the non-occurrence of opposed misfires and
immediately terminates the opposed misfire identification
process of Fig. 14. When the 120-degree rotational fluctuation
difference Nxdl120 is greater than the first opposed misfire
judgment value D1 at step $710, on the other hand, the engine
electronic control unit 24 specifies a first cylinder among the
six cylinders as a misfire cylinder with the greater 120-degree
rotational fluctuation difference Nxd120 (that is, Nxd120 (1))
(step S720). The engine electronic control unit 24 also
specifies a third next cylinder after the misfire cylinder as
another misfire cylinder and divides the 120-degree rotational
fluctuation difference Nxdl120 (1) of the misfire cylinder by a
120-degree rotational fluctuation difference Nxd120 (4) of the
another misfire cylinder to calculate a rotational fluctuation
difference ratio Njd2 (step S730). The engine electronic
control unit 24 sequentially divides a next 120-degree
rotational fluctuation difference Nxd120(2) and a second next
120-degree rotational fluctuation difference Nxd120(3) of a
next cylinder and a second next cylinder after the misfire
cylinder and a next 120-degree rotational fluctuation
difference Nxd120(5) and a second next 120-degree rotational
fluctuationdifference Nxd120 (6) of a next cylinder and a second
next cylinder after the another misfire cylinder by the sum of
the 120-degree rotational fluctuation differences Nxd120 (1)

and Nxdl120(4) of the two misfire cylinders, as rotational
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fluctuationdifferenceratioijd3,de4,de5,andedG(stépé
8740 to S770). The engine electronic control unit 24
successively determines whether the calculated rotational
fluctuation difference ratio Njd2 is greater than a preset
second opposed misfire judgment value D21 (step S780) and
whether the reciprocal of the rotational fluctuationdifference

ratio Njd2 is greater than a preset second opposed misfire

judgment value D22 (step S790). The engine electronic control

unit 24 then sequentially determines whether the calculated
rotational fluctuation difference ratios Njd3, Njd4, Njd5, and
Njdé are respectively less than a preset third opposed misfire
judgment value D32, a preset fourth opposed misfire judgment
value D42, a preset fifth opposed misfire judgment value D52,
and a preset sixth opposed misfire judgment value D62 (steps
S800 to S830). The second opposed misfire judgment values D21
and D22 are experimentally or otherwise set to be smaller than
the rotational fluctuation difference ratio Njd2 and to be
smaller than the reciprocal of the rotational fluctuation
difference ratio Njd2 in the occurrence of opposed misfires.
The third opposedmisfire judgment value D32, the fourth opposed
misfire judgment value D42, the fifth opposed misfire judgment
value D52, and the sixth opposed misfire judgment value D62 are
experimentally or otherwise set to be smaller than the
corresponding rotational fluctuation difference ratios Njd3 to
Njdé in the occurrence of opposed fires. When the rotational

fluctuationdifference ratio Njd2 is not greater than the second
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opposed misfire judgment valﬁe D21, when the reciprocal of the
rotational fluctuation difference ratio Njd2 is not greater
than the second opposed misfire judgment value D22, or when any
of the rotational fluctuation difference ratios Njd3 to Njdé
is not less than the corresponding third opposed misfire
judgment value D32, the corresponding fourth opposed misfire
judgment value D42, the corresponding fifth opposed misfire
judgment value D52, or the corresponding sixth opposed misfire
judgment value D62 (one of steps S780 to S830: No), the engine
electronic control unit 24 determines the non-occurrence of
opposed misfires and terminates the opposed misfire
identification process of Fig. 14. When the rotational
fluctuation difference ratio Njd2 is greater than the second
opposed misfire judgment value D21, when the reciprocal of the
rotational fluctuation difference ratio Njd2 is greater than
the second opposed misfire judgment value D22, and when all of
the rotational fluctuation difference ratios Njd3 to Njdé are
less than the corresponding third opposed misfire judgment
value D32, the corresponding fourth opposed misfire judgment
value D42, the corresponding fifth opposed misfire judgment
value D52, and the corresponding sixth opposed misfire judgment
value D62 (all of steps S780 to $830: Yes), on the other hand,
the engine electronic control unit 24 determines the occurrence
of opposed misfires and outputs information on the occurrence
of opposedmisfires (step S840), before terminating the opposed

misfire identification process of Fig. 14. Fig. 17 shows a time
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change of the 120-degree rotational fluctuation difference
Nxd120 in the occurrence of opposed misfires. As clearly shown
in Fig. 17, in the occurrence of opposed misfires, fhe
120-degree rotational fluctuation differences Nxdl120 of the
misfire cylinders distinctly exceed the first opposed misfire
judgment value D1. The procedufe of this embodiment sets the
first opposed misfire judgment value D1 as the criterion of
distinct identification and identifies an opposed misfire
pattern based on the rotational fluctuation difference ratio
Njd2 and its reciprocal and the rotational fluctuation
difference ratios Njd3 to Njdé. This arrangement thus ensures
the adequate identification of opposed misfires with high
accuracy.

[0049] In the random misfire identification process shown in
the flowchart of Fig. 15, the engine electronic control unit
24 sets a first randommisfire judgment value El1 as one reference
value for identifying a random misfire, based on the rotation
speed N of the crankshaft 26 and the amount of intake air Ga
(step S900). Like the first single misfire judgment value Al
described above, the first random misfire judgment value El is
set to decrease with an increase in rotation speed N of the
crankshaft 26 and to increase with an increase in amount of
intake air Ga in each rotation of the crankshaft 26. Fig. 18
shows variations in first random misfire judgment value El
against the amount of intake air Ga in each rotation of the

crankshaft 26 with regard to the various rotation speeds N of
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the crankshaft 26. The engine electronic control unit 24 then
compares the calculated 90-degree rotational fluctuation
difference Nxd90 with the first random misfire judgment value
El (step 8910). When the 90-degree rotational fluctuation
difference Nxd90 is not greater than the first random misfire
judgment value E1 at step S910, the engine electronic control
unit 24 determines the non-occurrence of a random misfire and
immediately terminates the random misfire identification
process of Fig. 15. When the 90-degree rotational fluctuation
difference Nxd90 is greater than the first random misfire
judgment value E1 at step S910, on the other hand, the engine
electronic control unit 24 specifies a third cylinder among the
six cylinders as a misfire cylinder with the greater 90-degree
rotational fluctuation difference Nxd90 (that is, Nxd90(3))
(step $920). The engine electronic control unit 24
sequentially divides a next 90-degree rotational fluctuation
difference Nxd90 (4) of a next cylinder immediately after the
misfire cylinder, a last 90-degree rotational fluctuation
difference Nxd90(2) of a last cylinder immediately before the
misfire cylinder, and a third last 90-degree rotational
fluctuation difference Nxd90(0) of a third last cylinder before
the misfire cylinder by the 90-degree rotational fluctuation
difference Nxd90(3) of the misfire cylinder, as rotational
fluctuation difference ratios Nje2, Nje3, and Nje4 (steps 5930
to S950). The engine electronic control unit 24 successively

determines whether the calculated rotational fluctuation
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difference ratio Nje2 is equal to or greater than a preset second
random misfire judgment value E21 (step S960), whether the
calculated rotational fluctuation difference ratioNje3 is less
than a preset third random misfire judgment value E32 (step
$970), and whether the calculated rotational fluctuation
difference ratio Njed4 is in a range of preset fourth random
misfire judgment values E41 and E42 (step S980). The second
random misfire judgment value E21 is experimentally or
otherwise set to be smaller than the rotational fluctuation
difference ratio Nje2 in the occurrence of a random misfire.
The third random misfire judgment value E32 is experimentally
or otherwise set to be greater than the rotational fluctuation
difference ratio Nje3 in the occurrence of a random misfire.
The fourth random misfire judgment values E41 and E42 are
experimentally or otherwise set to define a range about the
rotational fluctuation difference ratio Nje4 in the occurrence
of a-random misfire. When the rotational fluctuation
difference ratio Nje2 is less than the second random misfire
judgment value E21, when the rotational fluctuation difference
ratio Nje3 is not less than the third random misfire judgment
value E32, or when the rotational fluctuation difference ratio
Nje4 is out of the range of the fourth random misfire judgment
values E41 and E42 (one of steps S960 to S980: No), the engine
electronic control unit 24 determines the non-occurrence of a
randommisfire and terminates the randommisfire identification

process of Fig. 15. When the rotational fluctuationdifference
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ratio Nje2 is equal to or greater than the second random misfire
judgment value E21, when the rotational fluctuation difference
ratio Nje3 is less than the third random misfire judgment value
E32, and when the rotational fluctuation difference ratio Nje4
is in the range of the fourth random misfire judgment values
E41 and E42 (all of steps S960 to S980: Yes), on the other hand,
the engine electronic control unit 24 determines the occurrence
of a random misfire and outputs information on the occurrence
of a random misfire (step S990), before terminating the random
misfire identification process of Fig. 15. Fig. 19 shows a time
change of the 90-degree rotational fluctuation difference Nxd90
in the occurrence of a randommisfire. As clearly shown in Fig.
19, in the occurrence of a random misfire, the 90-degree
rotational fluctuation differences Nxd90 of the misfire
cylinder distinctly exceeds the first random misfire judgment
value E1. The procedure of this embodiment sets the first
random misfire judgment value E1l as the criterion of distinct
identification and identifies a random misfire pattern based
on the rotational fluctuation difference ratios Nje2 to Nje4d.
This arrangement thus ensures the adequate identification of
a random misfire with high accuracy.

[0050] As described above, the engine misfire identification
device mounted on the hybrid vehicle 20B of the second
embodiment performs the single misfire identification process,
the consecutive misfire identification process, the

intermittent misfire identification process, the opposed
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misfire identification process, and the random misfire
identification process with the rotational fluctuation Nxd, the
90-degree rotational fluctuation difference Nxd90, the
120-degree rotational fluctuation difference Nxdi120, the
360-degree rotational fluctuation difference Nxd360, and the
total rotational fluctuation Nxdint to adequately and
accurately identify a single misfire, consecutive misfires,
intermittent misfires, opposed misfires, and a random misfire.
The engine misfire identification device of the second
embodiment uses multiple different misfire judgment logics
corresponding to multiple different misfire patterns to
identify the misfires of the engine 22. This arrangement thus
adequately and accurately identifies the occurrence and the
pattern of misfires in the engine 22.

[(0051] The engine misfire identification device mounted on the
hybrid vehicle 20B of the second embodiment distinctly and
adequately identifies opposed misfires with high accuracy,
based on the 120-degree rotational fluctuation difference
Nxdl120 calculated as the difference between the rotational
fluctuations Nxd at the specific crank angle CA corresponding
to the ignition timing in each cylinder of the engine 22 and
at the crank angle CA of 120 degrees before the specific crank
angle CA, where the rotational fluctuation Nxd represents the
variation in rotation speed N of the crankshaft 26 at the crank
angle CA of every 30 degrees. The first opposed misfire

judgment value D1 is set corresponding to the rotation speed
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N of the crankshaft 26 and the amount of intake air Ga in each
rotation of the crankshaft 26. The use of this first opposed
misfire judgment value D1 ensures the adequate and accurate
identification of opposed misfires. The engine misfire
identification device mounted on the hybrid vehicle 20B of the
second embodiment identifies the opposedmisfire pattern, based
on the rotational fluctuation difference ratio Njd2 of the
120-degree rotational fluctuation difference Nxd120(1l) of a
misfire cylinder to the 120—dégree rotational fluctuation
difference Nxd120 (4) of another misfire cylinder both exceeding
the first opposed misfire judgment value D1, the reciprocal of
the rotational fluctuation difference ratio Njd2, and the
rotational fluctuation difference ratios Njd3, Njd4, Njd5, and
Njde of the next and the second next 120-degree rotational
fluctuation differences Nxd120 (2), Nxdl120(3), Nxd120(5), and
Nxd120 (6) of the next cylinders and the second next cylinders
after the misfire cylinders to the sum of the 120-degree
rotational fluctuation differences Nxd120 (1) and Nxd120 (4) of
the misfire cylinders. This arrangement ensures the adequate
and accurate identification of opposed misfires and allows an
adequate countermeasure to be taken against the identified
opposed misfires.

[0052] The engine misfire identification device mounted on the
hybrid vehicle 20B of the second embodiment distinctly and
adequately identifies a random misfire with high accuracy,

based on the 90-degree rotational fluctuation difference Nxd20
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calculated as the difference between the rotational
fluctuations Nxd at the specific crank angle CA corresponding
to the ignition timing in each cylinder of the engine 22 and
at the crank angle CA of 90 degrees before the specific crank
angle CA, where the rotational fluctuation Nxd represents the
variation in rotation speed N of the crankshaft 26 at the crank
angle CA of every 30 degrees. The first randommisfire judgment
value El1 is set corresponding to the rotation speed N of the
crankshaft 26 and the amount of intake air Ga in each rotation
of the crankshaft 26. The use of this first random misfire
judgment value E1 ensures the adequate and accurate
identification of a random misfire. The engine misfire
identification device mounted on the hybrid vehicle 20B of the
second.embodiment identifies the random misfire pattern, based
on the rotational fluctuation difference ratio Nje2 of the next
90-degree rotational fluctuation difference Nxd90(4) of the
next ‘cylinder immediately after the misfire cylinder to the
90-degree rotational fluctuation difference Nxd90(3) of the
misfire cylinder exceeding the first random misfire judgment
value E1, the rotational fluctuation difference ratio Nje3 of
the last 90-degree rotational fluctuation difference Nxd90 (2)
of the last cylinder immediately before the misfire cylinder
to the 90-degree rotational fluctuation difference Nxd90 (3),
and the rotational fluctuation difference ratio Nje4 of the
third last 90-degree rotational fluctuation difference

Nxd90 (0) of the third last cylinder before the misfire cylinder
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to the 90-degree rotational fluctuation difference Nxd90 (3) .
This arrangement ensures the adequate and accurate
identification of a random misfire and allows an adequate
countermeasure to be taken against the identified random
misfire.

[0053]) The engine misfire identification device mounted on the
hybrid vehicle 20B of the second embodiment also distinctly and
adequately identifies a single misfire, consecutive misfires,
and intermittent misfires with high accuracy, in a similar
manner to the engine misfire identification device mounted on
the hybrid vehicle 20 of the first embodiment.

[0054]) The engine misfire identification device mounted on the
hybrid vehicle 20B of the second embodiment performs the single
misfire identification process, the consecutive misfire
identification process, the intermittent misfire
identification process, the opposed misfire identification
process, and the randommisfire identification process with the
rotational fluctuation‘Nxd, the 90-degree rotational
fluctuation difference Nxd90, the 120-degree rotational
fluctuation difference Nxd120, the 360-degree rotational
fluctuation difference Nxd360, and the total rotational
fluctuation Nxdint to identify a single misfire, consecutive
misfires/intermittentmisfires,opposedmisfires,andarandom
misfire. The misfire judgment logics adopted by the engine
misfire identification device for identification of misfires

are not restricted to the singlemisfire identification process,
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the consecutive misfire identification process, the
intermittent misfire identification process, the opposed
misfire identification process, or the random misfire
identification process, but may be diversity of other misfire
judgment logics corresponding to diversity of other misfire
patterns. The use of all these misfire judgment logics for
identification of misfires is not essential. One modified
procedure may adopt only part of these misfire judgment logics
and execute only some of the single misfire identification
process, the consecutive misfire identification process, the
intermittent misfire identification process to identify
misfires, the opposed misfire identification process, and the
random misfire identification process to identify misfires.
[0055] The engine misfire identification device mounted on the
hybrid vehicle 20B of the second embodiment calculates the
rotational fluctuation Nxd at the crank angle CA of every 120
degrees corresponding to the ignition timing in each cylinder
of the engine 22 as the variation in rotation speed N of the
crankshaft 26 computed at the crank angle CA of every 30 degrees.
The rotational fluctuation Nxd may be calculated as a variation
in rotation speed N of the crankshaft 26 computed at the crank
angle CA of every preset degrees. The rotational fluctuation
Nxd may otherwise be calculated as an angular acceleration at
the crank angle CA of every 120 degrees corresponding to the
ignition timing in each cylinder of the engine 22.

[0056] The opposed misfire identification process executed by
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the engine misfire identification device mounted on the hybrid
vehicle 20B of the second embodiment sets the first opposed
misfire judgment value D1 corresponding to the rotation speed
N of the crankshaft 26 and the amount of intake air Ga in each
rotation of the crankshaft 26 and uses this first opposed
misfire judgment value D1 to identify opposed misfires. The
first opposed misfire judgment value D1 used for identification
of opposed misfires may be set only corresponding to the amount
of intake air Ga in each rotation of the crankshaft 26 regardless
of the rotation speed N of the crankshaft 26 or may alternatively
be set only corresponding to the rotation speed N of the
crankshaft 26 regardless of the amount of intake air Ga in each
rotation of the crankshaft 26. The first opposed misfire
judgment value D1 used for identification of opposed misfires
may otherwise be set regardless of the rotation speed N of the
crankshaft 26 and the amount of intake air Ga in each rotation
of the crankshaft 26.

[0057] The opposed misfire identification process executed by
the engine misfire identification device mounted on the hybrid
vehicle 20B of the second embodiment identifies the opposed
misfire pattern, based on the rotational fluctuationdifference
ratio Njd2 of the 120-degree rotational fluctuation difference
Nxd120 (1) of a misfire cylinder to the 120-degree rotational
fluctuation difference Nxd120(4) of another misfire cylinder
both exceeding the first opposed misfire judgment value D1, the

reciprocal of the rotational fluctuationdifference ratio Njd2,
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and the rotational fluctuation difference ratios Njd3, Njd4,
Njd5, and Njdé of the next and the second next 120-degree
rotational fluctuation differences Nxd120(2), Nxdl20(3),
Nxd120(5), aﬁd Nxd120 (6) of the next cylinders and the second
next cylinders after the misfire cylinders to the sum of the
120-degree rotational fluctuation differences Nxdl120(1l) and
Nxd120(4) of the misfire cylinders. The use of all the
rotational fluctuation difference ratio Njd2, the reciprocal
of the rotational fluctuation difference ratio Njd2, and the
rotational fluctuation difference ratios Njd3, Njd4, Njd5, and
Njde for identification of the opposed misfire pattern is not
essential. The identification of the opposed misfire pattern
may be based on only some of the rotational fluctuation
difference ratio Njd2, the reciprocal of the rotational
fluctuation difference ratio Njd2, and the rotational
fluctuation difference ratios Njd3, Njd4, Njd5, and Njdé or may
not use any of the rotational fluctuation difference ratio Njd2,
the reciprocal of the rotational fluctuation difference ratio
Njd2, and the rotational fluctuation difference ratios Njd3,
Njd4, NjdS, and Njdée. Another possible modification may use
one or multiple different rotational fluctuation ratios other
than the rotational fluctuation difference ratio Njd2, the
reciprocal of the rotational fluctuationdifference ratioNjd2,
and the rotational fluctuation difference ratios Njd3, Njd4,
NjdS, and Njdé to identify the opposed misfire pattern.

[0058] The random misfire identification process executed by
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the engine misfire identification device mounted on the hybrid
vehicle 20B of the second embodiment sets the first random
misfire judgment value El corresponding to the rotation speed
N of the crankshaft 26 ‘and the amount of intake air Ga in each
rotation of the crankshaft 26 and uses this first randommisfire
judgment value El1l to identify a random misfire. The first
random misfire judgment value E1l used for identification of a
random misfire may be set only corresponding to the amount of
intake air Ga in each rotation of the crankshaft 26 regardless
oftherotationspeedriofthecrankshaft26cm:mayalternatively
be set only corresponding to the rotation speed N of the
crankshaft 26 regardless of the amount of intake air Ga in each
rotation of the crankshaft 26. The first random misfire
judgment value El1l used for identification of a random misfire
may otherwise be set regardless of the rotation speed N of the
crankshaft 26 and the amount of intake air Ga in each rotation
of the crankshaft 26.

[0059] The random misfire identification process executed by
the engine misfire identification device mounted on the hybrid
vehicle 20B of the second embodiment identifies the random
misfire pattern, basedon the rotational fluctuationdifference
ratio Nje2 of the next 90-degree rotational fluctuation
difference Nxd90 (4) of the next cylinder immediately after the
misfire cylinder to the 90-degree rotational fluctuation
difference Nxd90(3) of the misfire cylinder exceeding the first

random misfire judgment value El1, the rotational fluctuation
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difference ratio Nje3 of the last 90-degree rotational
fluctuation difference Nxd90(2) of the last cylinder
immediately before the misfire cylinder to the 90-degree
rotational fluctuation difference Nxd90 (3), and the rotational
fluctuation difference ratio Nje4 of the third last 90-degree
rotational fluctuation difference Nxd90(0) of the third last
cylinder before the misfire cylinder to the 90-degree
rotational fluctuation difference Nxd90(3). The use of all
these rotational fluctuation difference ratios Nje2, Nje3, and
Nje4 for identification of the random misfire pattern is not
essential. The identification of the random misfire pattern
may be based on only some of these rotational fluctuation
difference ratios Nje2, Nje3, and Nje4 or may not use any of
these rotational fluctuation difference ratios Nje2, Nje3, and
Nje4. Another possible modification may use one or multiple
different rotational fluctuation difference ratios other than
these rotational fluctuation difference ratios Nje2, Nje3, and
Nje4 to identify the random misfire pattern.

[0060] The engine misfire identification device mounted on the
hybrid vehicle 20B of the second embodiment may also adopt the
modifications of the singlemisfire identification process, the
consecutive misfire identification process, and the
intermittent misfire identification process described above as
the possible modifications of the enginemisfire identification
device mounted on the hybrid vehicle 20 of the first embodiment.

[0061] The engine misfire identification device mounted on the
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hybrid vehicles 20 and 20B of the first and the second
embodiments identifies misfires in the inline six-cylinder
engine 22. The engine misfire identification device of the
invention is applicable to any engine having multiple
cylinders.

[0062)]) The first embodiment and the second embodiment described
above regard the engine misfire identification device mounted
on the hybrid vehicle 20 or 20B, which is equipped with the engine
22, the planetary gear mechanism 30, and the two motors MG1 and
MG2. The enginemisfire identificationdevice of the invention
may also be applied to identify misfires in an engine mounted
on any of hybrid vehicles having various configurations and to
identify misfires in an engine mounted on any of various motor
vehicles other than the hybrid vehicles. The engine misfire
identification device of the invention may further be
applicable to identify misfires in an internal combustion
engine incorporated in any of various moving bodies other than
motor vehicles and in any of stationary equipment.

[0063] The first embodiment and the second embodiment described
above regard the engine misfire identification device mounted
on the hybrid vehicle 20 or 20b. The technique of the invention
may also be actualized by a corresponding engine misfire
identification method to identify misfires in the engine 22
mounted on the hybrid Vehicle 20 or 20B.

[0064] The embodiments and their modifications discussed above

are to be considered in all aspects as illustrative and not
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restrictive. There may be many other modifications, changes,
and alterations without departing from the scope or spirit of

the main characteristics of the present invention.

Industrial Applicability

The technique of the present invention is preferably
applicable to manufacturing industries of internal combustion
engines and motor vehicles equipped with the internal

combustion engines.
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Claims:

1. An engine misfire identification device that
identifies a misfire in an internal combustion engine having
multiple cylinders, said engine misfire identification device
comprising:

a rotational position detection sensor that detects a
rotational position of a crankshaft of the internal combustion
engine;

a rotational fluctuation computation unit that
sequentially computes a rotational fluctuation of the internal
combustion engine at every specific crank angle corresponding
to an ignition timing in each of the multiple cylinders of the
internal combustion engine, from the detected rotational
position of the crankshaft; and

an engine misfire identification module that adopts
multiple different misfire judgment logics corresponding to
multiple different misfire patterns to identify a misfire in
the internal cqmbustion engine, based on the sequentially

computed rotational fluctuations.

2. An engine misfire identification device in accordance

- with claim 1, wherein the multiple different misfire judgment

logicsadoptaﬂbysaidenginemisfireidentificationnmdulefor
identification of a misfire in the internal combustion engine

include at least one of a single misfire judgment logic to
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identify a single misfire pattern where only one of the multiple
cylinders has a misfire, a consecutive misfire judgment logic
to identify a consecutive misfire pattern where two consecutive
cylinders among the multiple cylinders have misfires, and an
intermittent misfire judgment logic to identify an intermittent
misfire pattern where two non-consecutive cylinders across one

combustion cylinder have misfires.

3. An engine misfire identification device in accordance
with claim 2, wherein the single misfire judgment logic
identifies a single misfire in the internal combustion engine
when only one rotational fluctuation defined as an object
rotational fluctuation among the rotational fluctuations
sequentially computed in one cycie of the internal combustion
engine by the rotational fluctuation computation unit is not
less than a preset single misfire judgment value and when a ratio
of another rotational fluctuation to the object rotational
fluctuation of not less than the preset single misfire judgment

value is in a preset single misfire judgment range.

4. An engine misfire identification device in accordance
with claim 3, wherein the another rotational fluctuation
includes at least one of a third last rotational fluctuation
computed before the object rotational fluctuation, a last
rotational fluctuation computed immediately before the object

rotational fluctuation, and a next rotational fluctuation
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computed immediately after the object rotational fluctuation.

5. An engine misfire identification device in accordance
with claim 3, said engine misfire identification device
comprising: |

a rotation speed measurement unit that measures a
rotation speed of the internal combustion engine; and

a first single misfire judgment value regulation module
that regulates the single misfire judgment value to decrease
with an increase in measured rotation speed of the internal

combustion engine.

6. An engine misfire identification device in accordance
with claim 3, said engine misfire identification device
comprising:

an air intake amount measurement unit that measures an
amount of intake air into the internal combustion engine; and

a second single misfire judgment value regulation module
that calculates a cycle air intake amount in one cycle of the
internal combustion engine from the measured amount of intake
air and regulates the single misfire judgment value to increase

with an increase in calculated cycle air intake amount.

7. An engine misfire identification device in accordance
with claim 2, wherein the consecutive misfire judgment logic

successively calculates a rotational fluctuation difference as
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a difference between each of the rotational fluctuations
sequentially computed at every specific crank angle and a
previous rotational fluctuation computed at a crank angle of
360 degrees before the specific crank angle, and identifies
consecutive misfires in the internal combustion engine when
only one rotational fluctuation difference defined as an object
rotational fluctuation difference among the rotational
fluctuation differences successively calculated in one cycle
of the internal combustion engine is not less than a preset

consecutive misfire judgment wvalue.

8. An engine misfire identification device in accordance
with claim 7, wherein the consecutive misfire judgment logic
identifies consecutive misfires in the internal combustion
engine when a ratio of another rotational fluctuation
difference to the object rotational fluctuation difference of
not less than the preset consecutive misfire judgment value is

in a preset consecutive misfire judgment range.

9. An engine misfire identification device in accordance
with claim 8, wherein the another rotational fluctuation
difference includes at least one of a third last rotational
fluctuation difference calculated before the object rotational
fluctuation difference, a last rotational fluctuation
difference calculated immediately before the object rotational

fluctuation difference, and a next rotational fluctuation
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difference calculated immediately after the object rotational

fluctuation difference.

10. Anenginemisfire identification device in accordance
with claim 7, said engine misfire identification device
comprising:

a rotation speed measurement unit that measures a
rotation speed of the internal combustion engine; and

a first consecutive misfire judgment value regulation
module that regulates the consecutive misfire judgment value
to decrease with an increase in measured rotation speed of the

internal combustion engine.

11. Anenginemisfire identification device in accordance
with claim 7, said engine misfire identification device
comprising:

- an air intake amount measurement unit that measures an
amount of intake air into the internal combustion engine; and

a second consecutive misfire judgment value regulation
module that calculates a cycle air intake amount in one cycle
of the internal combustion engine from the measured amount of
intake air and regulates the consecutive misfire judgment value
to increase with an increase in calculated cycle air intake

amount.

12. An engine misfire identification device in accordance
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with claim 2, wherein the intermittent misfire judgment logic
successively calculates a total rotational fluctuation as a sum
of each of the rotational fluctuations sequentially computed -
at every specific crank angle and a previous rotational
fluctuation computed at a crank angle of 360 degrees before the
specific crank angle, and identifies intermittent misfires in
the internal combustion engine when only one total rotational
fluctuation defined as an object total rotational fluctuation
among the total rotational fluctuations successively
calculated in one cycle of the internal combustion engine is

not less than a preset intermittent misfire judgment value.

13. Anengine misfire identification device in accordance
with claim 12, wherein the intermittent misfire judgment logic
identifies intermittent misfires in the internal combustion
engine when a ratio of another total rotational fluctuation to
the object total rotational fluctuation of not less than the
preset intermittent misfire judgment value is in a preset

intermittent misfire judgment range.

14. Anengine misfire identification device in accordance
withclahnlB,wherehqtheanothertotalrotationalfluctuation
is a last total rotational fluctuation calculated immediately

before the object total rotational fluctuation.

15. Anengine misfire identification device in accordance
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with claim 12, said engine misfire identification device
comprising:

a rotation speed measurement unit that measures a
rotation speed of the internal combustion engine; and

a first intermittent misfire judgment value regulation
module that regulates the intermittent misfire judgment value
to decrease with an increase in measured rotation speed of the

internal combustion engine.

16. An enginemisfire identification device in accordance
with claim 12, said engine misfire identification device
comprising:

an air intake amount measurement unit that measures an
amount of intake air into the internal combustion engine; and

a second intermittent misfire judgment value regulation
module that calculates a cycle air intake amount in one cycle
of the internal combustion engine from the measured amount of
intake air and regulates the intermittent misfire judgment
value to increase with an increase in calculated cycle air

intake amount.

17. Anengine misfire identificationdevice in accordance
with claim 2, wherein the single misfire judgment logic
identifies a single misfire in the internal combustion engine

when only one rotational fluctuation defined as an object
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rotational fluctuation among the rotational fluctuations
sequentially computed in one cycle of the internal combustion
engine by the rotational fluctuation computation unit is not
less than a preset single misfire judgment value and when a ratio
of another rotational fluctuation to the object rotational
fluctuation of not less than the preset single misfire judgment
value is in a preset single misfire judgment range;

the consecutive misfire judgment logic successively
calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequentially
computed at every specific crank angle and a previous rotational
fluctuation computed at a crank angle of 360 degrees before the
specific crank angle, and identifies consecutive misfires in
the internal combustion enginé when only one rotational
fluctuation difference defined as an object rotational
fluctuation difference among the rotational fluctuation
differences successively calculated in one cycle of the
internal combustion engine is not less than a preset consecutive
misfire judgment value; and

the intermittent misfire judgment logic successively
calculates a total rotational fluctuation as a sum of each of
the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identifies intermittent misfires in the

internal combustion engine when only one total rotational
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fluctuation defined as an object total rotational fluctuation
among the total rotational fluctuations successively
calculated in one cycle of the internal combustion engine is

not less than a preset intermittent misfire judgment value.

18. An engine misfire identification device in accordance
with claim 17, wherein the rotational fluctuation computation
unit calculates an angular velocity at every preset crank angle
of the crankshaft of the internal combustion engine and computes
a difference between a specific angular velocity corresponding
to an ignition timing in each of the multiple cylinders of the
internal combustion engine and a last angular velocity
calculated immediately before the specific angular velocity,

as the rotational fluctuation.

19. Anengine misfire identification device in accordance
with claim 17, wherein the rotational fluctuation computation
unit computes an angular acceleration corresponding to an
ignition timing in each of the multiple cylinders of the

internal combustion engine, as the rotational fluctuation.

20. Anenginemisfire identificationdevice in accordance
withclaim 17, wherein the internal combustion engine is mounted
on a hybrid vehicle that is driven at a specific drive point
of the internal combustion engine set independently of a driving

state of the hybrid vehicle.
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21. Anenginemisfire identification device in accordance
with claim 2, wherein the internal combustion engine has an even
number of the multiple cylinders, and

the multiple different misfire judgment logics adopted
by said enginemisfire identification module for identification
of amisfire in the internal combustion engine include at least
one of the single misfire judgment logic, the consecutive
misfire judgment logic, the intermittent misfire judgment logic,
an opposedmisfire judgment logic to identify an opposedmisfire
pattern where two opposed cylinders among the multiple
cylinders have'misfires, and a random misfire judgment logic
to identify a random misfire pattern where one of the multiple
cylinders has amisfire irregularly in one cycle of the internal

combustion engine.

-22. Anenginemisfire identification device in accordance
with claim 21, wherein the opposed misfire judgment logic
successively calculates a rotational fluctuation difference as
a difference between each of the rotational fluctuations
sequentially computed at every specific crank angle and a
previous rotational fluctuation computed at a crank angle of
120 degrees before the specific crank angle, and identifies
opposed misfires in the internal combustion engine when two
rotational fluctuation differences defined as two object

rotational fluctuation differences among the rotational
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fluctuation differences successively calculated in one cycle
of the internal combustion engine are not less than a preset

opposed misfire judgment value.

23. Anenginemisfire identification device in accordance
with claim 22, wherein the opposed misfire judgment logic
identifies opposed misfires in the internal combustion engine
when a ratio of the two object rotational fluctuation
differences of not less than the preset opposedmisfire judgment
value is in a preset first opposed misfire judgment range and
when a ratio of another rotational fluctuation difference to
a sum of the two object rotational fluctuation differences is

in a preset second opposed misfire judgment range.

24. Anengine misfire identification device in accordance
with claim 23, wherein the another rotational fluctuation
difference includes at least either of two last rotational
fluctuation differences calculated immediately before the two
object rotational fluctuation differences and two second last
rotational fluctuation differences calculated before the two

object rotational fluctuation differences.

25. Anengine misfire identification device in accordance
with claim 22, said engine misfire identification device
comprising:

a rotation speed-measurement unit that measures a
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rotation speed of the internal combustion engine; and

a first opposed misfire judgment value regulation module
that regulates the opposed misfire judgment value to decrease
with an increase in measured rotation speed of the internal

combustion engine.

26. An engine misfire identification device in accordance
with claim 22, said engine misfire identification device
comprising:

an air intake amount measurement unit that measures an
amount of intake air into the internal combustion engine; and

a second opposed misfire judgment value regulation module
that calculates a cycle air intake amount in one cycle of the
internal combustion engine from the measured amount of intake
air and regulates the opposedmisfire judgment value to increase

with an increase in calculated cycle air intake amount.

27.Anenginemisfireidentificationdeviceinaccordance
with claim 21, wherein the random misfire judgment logic
successively calculates a rotational fluctuation difference as
a difference between each of the rotational fluctuations
sequentially computed at every specific crank angle and a
previous rotational fluctuation computed at a crank angle of
90 degrees before the specific crank angle, and identifies a
random misfire in the internal combustion engine when one

rotational fluctuation difference defined as an object
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rotational fluctuation difference among the rotational
fluctuation differences successively calculated in one cycle
of the internal combustion engine is not less than a preset

random misfire judgment value.

28. An engine misfire identification device in accordance
with claim 27, wherein the random misfire judgment logic
identifies a random misfire in the internal combustion engine
when a ratio of another rotational fluctuation difference to
the object rotational fluctuation difference of not less than
the preset random misfire judgment value is in a preset random

misfire judgment range.

29. Anengine misfire identification device in accordance
with claim 28, wherein the another rotational fluctuation
difference includes at least one of a last rotational
fluctuation difference calculated immediately before the
object rotational fluctuation difference, a next rotational
fluctuation difference calculated immediately after the object
rotational fluctuation difference, and a third next rotational
fluctuation difference calculated after the object rotational

fluctuation difference.

30. Anenginemisfire identification device in accordance
with claim 27, said engine misfire identification device

comprising:
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a rotation speed measurement unit that measures a '
rotation speed of the internal combustion engine; and

a first random misfire judgment vaiue regulation module
that regulates the random misfire judgment value to decrease
with an increase in measured rotation speed of the internal

combustion engine.

31. Anenginemisfire identification device in accordance
with claim 27, said engine misfire identification device
comprising:

an air intake amount measurement unit that measures an
amount of intake air into the internal combustion engine; and

a second random misfire judgment value regulation module
that calculates a cycle air intake amount in one cycle of the
internal combustion engine from the measured amount of intake
air and regulates the random misfire judgment value to increase

with-an increase in calculated cycle air intake amount.

32. Anenginemisfire identification device in accordance
with claim 21, wherein the single misfire judgment logic
identifies a single misfire in the internal combustion engine
when only one rotational fluctuation defined as an object
rotational fluctuation among the rotational fluctuations
sequentially computed in one cycle of the internal combustion
engine by the rotational fluctuation computation unit is not

less than a preset single misfire judgment value and when a ratio
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bf another rotational fluctuation to the object rotational
fluctuation of not less than the preset single misfire judgment
value is in a preset single misfire judgment range;

the consecutive misfire judgment logic successively
calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequentially
computed at every specific crank angle and a previous rotational
fluctuation computed at a crank angle of 360 degrees before the
specific crank angle, and identifies consecutive misfires in
the internal combustion engine when only one rotational
fluctuation difference defined as an object rotational
fluctuation difference among the rotational fluctuation
differences successively calculated in one cycle of the
internal combustion engine is not less than a preset consecutive
misfire judgment value;

the intermittent misfire judgment logic successively
calculates a total rotational fluctuation as a sum of each of
the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identifies intermittent misfires in the
internal combustion engine when only one total rotational
fluctuation defined as an object total rotational fluctuation
among the total rotational fluctuations successively
calculated in one cycle of the internal combustion engine is

not less than a preset intermittent misfire judgment value;
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the opposed misfire judgment logic successively
calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequentially
computed at every specific crank angle and a previous rotational
fluctuation computed at a crank angle of 120 degrees before the
specific crank angle, and identifies opposed misfires in the
internal combustion engine when two rotational fluctuation
differences defined as two object rotational fluctuation
differences among the rotational fluctuation differences
successively calculated in one cycle of the internal combustion
engine are not less than a preset opposed misfire judgment
value; and

the random misfire judgment logic successively
calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequentially
comput@iateveryspecificcrankangleandjipreviousrdfational
fluctuation computed at a crank angle of 90 degrees before the
specific crank angle, and identifies a random misfire in the
internal combustion engine when one rotational fluctuation
difference defined as an object rotational fluctuation
difference among the rotational fluctuation differences
successively calculated in one cycle of the internal combustion

engine is not less than a preset random misfire judgment value.

33. Anenginemisfire identification device in accordance

with claim 32, wherein the rotational fluctuation computation
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unit calculates an angular velocity at every preset crank an“gle
of the crankshaft of the internal combustion engine and computes
a difference between a specific angular‘velocity'corresponding
to an ignition timing in each of the multiple cylinders of the
internal c6mbustion engine and a last angular velocity

calculated immediately before the specific angular velocity,

as the rotational fluctuation.

34. Anengine misfire identificationdevice in accordance
with claim 32, wherein the rotational fluctuation computation
unit computes an angular acceleration corresponding to an
ignition timing in each of the multiple cylinders of the

internal combustion engine, as the rotational fluctuation.

35. Anengine misfire identification device in accordance
with claim 32, wherein the internal combustion engine is mounted
on a hybrid vehicle that is driven at a specific drive point
of the internal combustion engine set independently of a driving

state of the hybrid vehicle.

36. An engine misfire identification device in accordance
with claim 1, wherein the rotational fluctuation computation
unit calculates an angular velocity at every preset crank angle
of the crankshaft of the internal combustion engine and computes

a difference between a specific angular velocity corresponding
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to an ignition timing in each of the multiple cylinders of the
internal combustion engine and a last angular velocity
calculated immediately before the specific angular velocity,

as the rotational fluctuation.

37. Anenginemisfire identification device in accordance
with claim 1, wherein the rotational fluctuation computation
unit computes an angular acceleration corresponding to an
ignition timing in each of the multiple cylinders of the

internal combustion engine, as the rotational fluctuation.

38. Anenginemisfire identification device in accordance
with claim 1, wherein the internal combustion engine is mounted
on a hybrid vehicle that is driven at a specific drive point
of the internal combustion engine set independently of a driving

state of the hybrid vehicle.

39. An engine misfire identification method that
identifies a misfire in an internal combustion engine having
multiple cylinders, said engine misfire identification method
comprising the steps of:

sequentially computing a rotational fluctuation of the
internal combustion engine at every specific crank angle
corresponding to an ignition timing in each of the multiple
cylinders of the internal combustion engine, from a rotational

position of a crankshaft of the internal combustion engine; and
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adopting multiple different misfire judgment logics
corresponding to multiple different misfire patterns to
identify a misfire in the internal combustion engine, based on
the sequentially computed rotational fluctuations, where the
multiple different misfire judgment logics include at least one
of a single misfire judgment logic to identify a single misfire
pattern where only'bne of the multiple cylinders has a misfire,
a consecutive misfire judgment logic to identify a consecutive
misfire pattern where two consecutive cylinders among the
multiple cylinders have misfires, an intermittent misfire
judgment logic to identify an intermittent misfire pattern
where two non-consecutive cylinders across one combustion

cylinder have misfires.

40. An enginemisfire identification method in accordance
with claim 39, wherein the single misfire judgment logic
identifies a single misfire in the internal combustion engine
when only one rotational fluctuation defined as an object
rotational fluctuation among the rotational fluctuations
sequentially computed in one cycle of the internal combustion
engine by the rotational fluctuation computation unit is not
less than a preset single misfire judgment value and when a ratio
of another rotational fluctuation to the object rotational
fluctuation of not less than the preset single misfire judgmént
value is in a preset single misfire judgment range;

the consecutive misfire judgment logic successively
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calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequenfially
computedéteveryspecificcrankangleanda;neviousrotational
fluctuation computed at a crank angle of 360 degrees before the
specific crank angle, and idéntifies consecutive misfires in
the internal combustion engine when only one rotational
fluctuation difference defined as an object rotational
fluctuation difference among the rotational fluctuation
differences successively calculated in one cycle of the
internal combustion engine is not less than a preset consecutive
misfire judgment value; and

the intermittent misfire judgment logic successively
calculates a total rotational fluctuation as a sum of each of
the rotational fluctuations sequentially computed at every
specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identifies intermittent misfires in the
internal combustion engine when only one total rotational
fluctuation defined as an object total rotational fluctuation
among the total rotational fluctuations successively
calculated in one cycle of the internal combustion engine is

not less than a preset intermittent misfire judgment value.

41. An engine misfire identification method that
identifies a misfire in an internal combustion engine having

an even number of multiple cylinders,
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said engine misfire identification method comprising the
steps of:

sequentially computing a rotational fluctuation of the
internal combustion engine at every specific crank angle
corresponding to an ignition timing in each of the multiple
cylinders of the internal combustion engine, from a rotational
position of a crankshaft of the internal combustion engine; and

adopting multiple different misfire judgment logics
corresponding to multiple different misfire patterns to
identify a misfire in the internal combustion engine, based on
the sequentially computed rotational fluctuations, where the
multiple different misfire judgment logics include at least one
of a single misfire judgment logic to identify a single misfire
pattern where only one of the multiple cylinders has a misfire,
a consecutive misfire judgment logic to identify a consecutive
misfire pattern where two consecutive cylinders among the
multiple cylinders have misfires, an intermittent misfire
judgment logic to identify an intermittent misfire pattern
where two non-consecutive cylinders across one combustion
cylinder have misfires, an opposed misfire judgment logic to
identify an opposed misfire pattern where two opposed cylinders
among the multiple cylinders have misfires, and a randommisfire
judgment logic to identify a random misfire pattern where one
of the multiple cylinders has amisfire irregularly in one cycle

of the internal combustion engine.
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42. An engine misfire identification method in accordance
with claim 41, wherein the single misfire judgment logic
identifies a single misfire in the internal combustion engine
when only one rotational fluctuation defined as an object
rotational fluctuation among the rotational fluctuations
sequentially computed in one cycle of the internal combustion
engine by the rotational fluctuation computation unit is not
less than a preset single misfire judgment value and when a ratio
of another rotational fluctuation to the object rotational
fluctuation of not less than the preset single misfire judgment
value is in a preset single misfire judgment range;

the consecutive misfire judgment logic successively
calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequentially
computed at every specific crank angle and a previous rotational
fluctuation computed at a crank angle of 360 degrees before the
specific crank angle, and identifies consecutive misfires in
the internal combustion engine when only one rotational
fluctuation difference defined as an object rotational
fluctuation difference among the rotational fluctuation
differences successively calculated in one cycle of the
internal combustion engine is not less than a preset consecutive
misfire judgment value;

the intermittent misfire judgment logic successively
calculates a total rotational fluctuation as a sum of each of

the rotational fluctuations sequentially computed at every
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specific crank angle and a previous rotational fluctuation
computed at a crank angle of 360 degrees before the specific
crank angle, and identifies intermittent misfires in the
internal combustion engine when only one total rotational
fluctuation defined as an object total rotational fluctuation
among the total rotational fluctuations successively
calculated in one cycle of the internal combustion engine is
not less than a preset intermittent misfire judgment value;

the opposed misfire judgment logic successively
calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequentially
computed at every specific crank angle and a previous rotational
fluctuation computed at a crank angle of 120 degrees before the
specific crank angle, and identifies opposed misfires in the
internal combustion engine when two rotational fluctuation
differences defined as two object rotational fluctuation
differences among the rotational fluctuation differences
successively calculated in one cycle of the internal combustion
engine are not less than a preset opposed misfire judgment
value; and

the random misfire judgment logic successively
calculates a rotational fluctuation difference as a difference
between each of the rotational fluctuations sequentially
computedateveryspecificérankangleanda;neviousrotatioﬁal
fluctuation computed at a crank angle of 90 degrees before the

specific crank angle, and identifies a random misfire in the.
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internal combustion engine when one rotational fluctuation
difference defined as an object rotational fluctuation
difference among the rotational fluctuation differences
successively calculated in one cycle of the internal combustion

engine is not less than a preset random misfire judgment value.
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