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(57) [Problem] To securely perform determinations
of strokes of an engine.

[Solving Means] A control apparatus for an engine
measures a maximum pressure P2 and a minimum pres-
sure P1in anintake pipe during one revolution of a crank-
shaft and calculates a difference between the maximum
pressure P2 and the minimum pressure P1 as an intake-
air-pressure fluctuation range DPMTDC. The control ap-
paratus compares, with respect to a magnitude relation,
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a previous intake-air-pressure fluctuation range with a
current intake-air-pressure fluctuation range. When var-
iations in the magnitude relation between the intake-air-
pressure fluctuation ranges DPMTDC occur three con-
secutive times, the control apparatus makes a stroke de-
termination, and determines that the engine is in expan-
sion and exhaust strokes when a variation in the intake-
air-pressure fluctuation ranges DPMTDC is from large to
small.
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Description
Technical Field

[0001] The present invention relates to a control ap-
paratus for an internal combustion engine.

Background art

[0002] An internal combustion engine, for example, a
four-stroke cycle single cylinder engine outputs power
by repeating four strokes, which are intake strokes, com-
pression strokes, expansion strokes, and exhaust
strokes. A control apparatus for an engine measures a
timing of injection or ignition of fuel by determining these
strokes of the engine.

[0003] As a method applied by a control apparatus for
determining engine strokes, for example, there has been
known a method of comparing pressure characteristics
in an intake pipe during a first revolution of a crankshaft
with those between first and second revolutions thereof,
thatis, at 720 CA (Crank Angle) at the start of an engine,
thereby determining the engine strokes.

[0004] As aspecific example of determining strokes at
the start of an engine, for example, the following method
has been known. A minimum pressure in an intake pipe
is measured for every one revolution of a crankshaft. The
minimum pressure at a first revolution of the crankshaft
is compared with a minimum pressure at a second rev-
olution thereof. With this stroke determination method,
engine strokes are determined at the second revolution
of the crankshaft. There is another example of determin-
ing strokes as follows. That is, pressures in an intake
pipe of an engine are accumulated for every pulse signal
output regularly in response to the revolution of a crank-
shaft. With this stroke determination method, engine
strokes are determined by comparing an accumulated
pressure in the intake pipe at a first revolution of the
crankshaft with that at a second revolution thereof when
the crankshaft revolves twice.

Prior Art Documents

Patent Documents

[0005]
Patent Document 1: Japanese Patent Application
Laid-open No. 2000-265894
Patent Document 2: Japanese Patent Application
Laid-open No. 2003-3887

Summary of the Invention

Problem to be Solved by the Invention

[0006] However, when pressure characteristics in the
intake pipe during one revolution of the crankshaft are
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compared with those at 720 CA, in some cases, the mag-
nitude relation between the minimum pressure or accu-
mulated pressure in the intake pipe at the first revolution
and the minimum pressure or accumulated pressure in
the intake pipe at the second revolution does not match
the engine strokes, resulting in an error in the stroke de-
termination. For example, such a phenomenon occurs
when a throttle valve that regulates the amount of intake
airis operated to be opened or closed or when the engine
rotates at a high rotational speed and the throttle valve
is open at a high opening degree (fully open, for exam-
ple), at the start of the engine or while the engine is run-
ning in a transient operation.

The present invention has been achieved in view of the
above problems, and a primary object of the present in-
vention is to securely perform determinations of strokes
of an engine.

Means for Solving the Problem

[0007] One aspect of the present invention provides a
control apparatus for an internal combustion engine,
comprising: an intake-air-pressure calculating unit that
acquires a pressure in an intake pipe, which supplies air
into a combustion chamber of the internal combustion
engine, and measures the maximum pressure and the
minimum pressure in the intake pipe during one revolu-
tion of an output shaft of the internal combustion engine;
a fluctuation-range calculating unit that calculates a pres-
sure fluctuation range during one revolution of the output
shaft from a difference between a maximum pressure
and a minimum pressure in the intake pipe; a fluctuation-
range comparing unit that compares, with respect to a
magnitude relation, a previous pressure fluctuation range
with a current pressure fluctuation range obtained during
two revolutions of the crankshaft; a stroke determining
unit that compares, with respect to a magnitude relation,
a previous pressure fluctuation range with a current pres-
sure fluctuation range, and determines strokes of the in-
ternal combustion engine; and an output processing unit
that executes a fuel injection output and an ignition output
once for every two revolutions of the output shaft after
strokes of the internal combustion engine are deter-
mined.

[0008] Another aspect of the present invention pro-
vides the control apparatus for an internal combustion
engine according to claim 1, wherein the stroke deter-
mining unit compares, with respect to a magnitude rela-
tion, the previous pressure fluctuation range with the cur-
rent pressure fluctuation range, and determines strokes
of an engine when variations in the magnitude relation
between the pressure fluctuation ranges in the intake
pipe occur alternately and consecutively in a period of
revolutions of the output shaft with a predetermined
number of times.

[0009] Stillanotheraspect of the presentinvention pro-
vides the control apparatus for an internal combustion
engine according to claim 2, wherein the stroke deter-
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mining unit determines strokes of an engine when vari-
ations in a magnitude relation between the pressure fluc-
tuation ranges in the intake pipe occur three consecutive
times.

[0010] Stillanotheraspect of the presentinvention pro-
vides the control apparatus for an internal combustion
engine according to any one of claims 1 to 3, wherein
when a variation from the previous pressure fluctuation
range to the current pressure fluctuation range is from
large to small, the stroke determining unit determines
that strokes corresponding to the current pressure fluc-
tuation range are expansion and exhaust strokes.

Effect of the Invention

[0011] According to the present invention, the control
apparatus determines strokes according to variations in
fluctuation ranges of a pressure in an intake pipe. There-
fore, the control apparatus can accurately determine
strokes even in conditions in which an error can occur to
determinations in conventional techniques. Because ig-
nition or the like can be executed based on a correct
result of stroke determinations, the durability of constit-
uent elements that constitute an ignition system can be
improved.

Brief Description of the Drawings
[0012]

[FIG. 1] FIG. 1 shows a configuration of an internal
combustion engine and a control apparatus accord-
ing to an embodiment of the present invention.
[FIG. 2] FIG. 2 is a block diagram of the control ap-
paratus.

[FIG. 3] FIG. 3 is a flowchart of control of the internal
combustion engine.

[FIG.4]FIG. 4is an explanatory diagram of a process
of detecting a crank angle using a timing rotor.
[FIG. 5] FIG. 5 is a flowchart of a calculating process
of an intake air pressure for engine stroke determi-
nation (part 1).

[FIG. 6] FIG. 6 is a flowchart of an engine-stroke
determining process (part 1).

[FIG. 7] FIG. 7 is a flowchart of the engine-stroke
determining process (part 2).

[FIG. 8] FIG. 8 is a timing chart at the time of per-
forming an engine-stroke determining process (part
1).

[FIG. 9] FIG. 9 is a timing chart at the time of per-
forming the engine-stroke determining process (part
2).

[FIG. 10] FIG. 10 shows experiment results of stroke
determinations (part 1).

[FIG. 11] FIG. 11 shows experiment results of stroke
determinations (part 2).
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Best Mode for Carrying Out the Invention

[0013] A mode for carrying out the present invention
is explained below in detail.

FIG. 1 is a schematic configuration diagram of a system
including an internal combustion engine and a control
apparatus for the internal combustion engine.

An engine 1 that is an internal combustion engine in-
cludes an intake pipe 2 that takes in air. The intake pipe
2 includes an intake port 2A at an upstream of the intake
pipe 2 and an air cleaner 3 is attached to the intake port
2A. After an intake-air temperature sensor 4 is provided
thereto, a throttle valve 5 can regulate a pipe line area.
A throttle opening-degree sensor 6 monitors the opening
degree of the throttle valve 5. An intake-air pressure sen-
sor 7 and an injector 8 for fuel injection are provided in
this order at a downstream of the throttle valve 5 and
connected to a combustion chamber 13 formed out of a
cylinder head 12 and a cylinder block 11. An intake valve
14 is inserted between the intake pipe 2 and the com-
bustion chamber 13 so as to freely open or close a pipe
line.

[0014] A piston 15 is slidably inserted into the cylinder
block 11. The piston 15 is coupled to a crankshaft 17 via
a crank arm 16, and is configured to convert a linear
reciprocating motion of the piston 15 into a revolving mo-
tion of the crankshaft 17 that serves as an output shaft.
The crankshaft 17 is rotatably supported by the cylinder
block 11 and a timing rotor 18 is fixed to the crankshaft
17 for detecting the number of revolutions of the crank-
shaft 17. A crank angle sensor 19 is arranged near the
timing rotor 18. Furthermore, a channel 20 that circulates
coolant is formed in the cylinder block 11 and a coolant
temperature sensor 21 that measures the temperature
of the coolant is attached to the cylinder block 11.
[0015] An ignition plug 24 and an exhaust pipe 25 as
well as the intake pipe 2 are attached to the cylinder head
12. The ignition plug 24 is electrically connected to an
ignition coil 27 so as to apply a high voltage to the ignition
coil 27. Furthermore, an exhaust valve 28 is attached to
an opening of the exhaust pipe 25 continuous to the com-
bustion chamber 13 so as to freely open or close it. In
addition, a catalytic converter 29 is provided halfway
along the exhaust pipe 25.

[0016] A configuration of a control apparatus 41 that
controls the engine 1 mentioned above is explained next
with reference to FIG. 2. The control apparatus 41 is also
referred to as "ECU (Electronic Control Unit)".

The control apparatus 41 is connected to a battery 42,
and is configured such that signals can be input to the
control apparatus 41 from the crank angle sensor 19, the
throttle opening-degree sensor 6, the intake-air pressure
sensor 7, the coolant temperature sensor 21, and the
intake-air temperature sensor 4. The control apparatus
41 is also configured to be able to output signals to the
ignition coil 27 and the injector 8.

[0017] The control apparatus 41 includes a waveform
shaping circuit 51 that shapes digital signals output from
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the crank angle sensor 19 and an A/D (Analog/Digital)
converter 52 that converts analog signals output from the
foursensors 4, 6, 7, and 21 into digital signals. The wave-
form shaping circuit 51 and the A/D converter are con-
nected to a CPU (Central Processing Unit) 53. A ROM
(Read Only Memory) 54, a RAM (Random Access Mem-
ory) 55, and a timer 56 are also connected to the CPU
53. Furthermore, an output of the CPU 53 is connected
to an ignition circuit 57 and a drive circuit 58. The ignition
circuit 57 is configured to output signals to the ignition
coil 27 at a predetermined timing. The drive circuit 58 is
configured to output signals for driving the injector 8 at a
predetermined timing.

[0018] Furthermore, in the embodiment of the present
invention, the CPU 53 can be functionally divided into a
crank signal processing unit 61, a throttle signal process-
ing unit 62, an intake-air-pressure calculating unit 63, a
fluctuation-range calculating unit 64, a fluctuation-range
comparing unit 65, a stroke determining unit 66, and an
output processing unit 67.

[0019] The crank signal processing unit 61 calculates
a rotation angle of the crankshaft 17 and an engine
speed. The throttle signal processing unit 62 calculates
a throttle opening degree. The intake-air-pressure calcu-
lating unit 63 calculates pressures in the intake pipe and
also calculates a maximum pressure and a minimum
pressure. The fluctuation-range calculating unit 64 cal-
culates a fluctuation range of the pressures in the intake
pipe 2 during one revolution of the crankshaft 17. The
fluctuation-range comparing unit 65 compares a previous
pressure fluctuation range and a current pressure fluc-
tuation range calculated during two revolutions of the
crankshaft 17. The stroke determining unit 66 determines
strokes of the engine 1 according to variations in the pres-
sure fluctuation ranges. The output processing unit 67
performs an fuel injection output and an ignition output
in response to the result of stroke determinations.

Control of the internal combustion engine according to
the present embodiment is explained next.

[0020] First, as shown in the flowchart of FIG. 3, in
Step S101, the control apparatus 41 detects a crank-
angle reference position. For example, as shown in FIG.
4, the timing rotor 18 has 18 protrusions 71 formed at an
interval of a rotation angle of 20°, and one of the protru-
sions 71 is defined as a reference protrusion 71A and it
is formed to be circumferentially longer than other pro-
trusions 71. When detecting the next protrusion 71 to the
reference protrusion 71A, the crank signal processing
unit 61 of the control apparatus 41 sets the number of
360 CA (Crank Angle) stages to "0". The crank signal
processing unit 61 increments the number of stages start-
ing from "0" whenever detecting the protrusion 71. The
crank signal processing unit 61 then sets the number of
stages when detecting the reference protrusion 71 A to
"17". Thereafter, when detecting the next protrusion 71
tothe reference protrusion 71A, the crank signal process-
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ing unit 61 resets the number of stages to "0" and repeat-
edly counts up again from "0". A top dead center (TDC)
of the piston 15 is located between the reference protru-
sion 71 A and the next protrusion 71. An end point of the
reference protrusion 71 A is located at a position (BTDC
10°) advanced from the top dead center by 10°. In addi-
tion, an end point of the next protrusion 71 to the refer-
ence protrusion 71A is located at a position (ATDC 10°)
lagging behind the top dead center by 10°.

[0021] Detection of the reference position of the crank
angle 17 is performed by measuring the length of each
of the protrusions 71 formed cyclically on the outer cir-
cumference of the timing rotor 18 and the time required
until the next protrusion 71 appears. As described above,
only the reference protrusion 71 A of the timing rotor 18
is formed longer in a rotational direction. Accordingly, the
crank angle sensor 19 is used to measure the length of
the protrusion 71 and the time required until the next pro-
trusion 71 appears, and calculates a ratio of the length
and the time. The protrusions 71 other than the reference
protrusion 71A have a constant ratio and a ratio of the
reference protrusion 71A is relatively higher than that of
other protrusions 71. Therefore, it is possible to deter-
mine whether a certain protrusion 71 is the reference
protrusion 71 A or the protrusion 71 other than the refer-
ence protrusion 71 A by measuring the difference be-
tween previous and current ratios.

[0022] Next, in Step S102, the control apparatus 41
checks whether a crank rear-end-position signal indicat-
ing detection of a rear end position of the reference pro-
trusion 71A of the timing rotor 18 is output. When the
crank rear-end-position signal is not detected, this proc-
ess is finished. On the other hand, when the crank rear-
end-position signal is output, the process proceeds to
Step S 104. In Step S104, the control apparatus 41
checks whether the crank-angle reference position has
been detected. When the crank-angle reference position
is not detected, the process proceeds to Step S105, and
the control apparatus 41 resets parameters for engine
stroke determination. Thereafter, the control apparatus
41 finishes this process.

[0023] On the other hand, when the crank-angle ref-
erence position has been already detected in Step S104,
the control apparatus 41 calculates the engine speed in
Step S106. For example, the engine speed is calculated
based on a sum of a measured time corresponding to
360 CA for the protrusions 71 provided on the timing rotor
18. Next, in Step S107, the throttle signal processing unit
62 of the control apparatus 41 calculates the throttle
opening degree based on an output from the throttle
opening-degree sensor 6. Further, in Step S108, the in-
take-air-pressure calculating unit 63 calculates an intake
air pressure PMB based on an output from the intake-
air-pressure sensor.

[0024] Thereafter, in Step S109, the intake-air-pres-
sure calculating unit 63 and the fluctuation-range calcu-
lating unit 64 of the control apparatus 41 calculate an
intake air pressure for determination used to determine
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engine strokes according to the intake air pressure. In
this case, the control apparatus 41 decides the maximum
intake air pressure and the minimum intake air pressure,
and calculates the difference between the maximum and
minimum intake air pressures for every one revolution of
the crankshaft 17. This process is explained laterin detail.
Furthermore, in Step S110, the fluctuation-range com-
paring unit 65 and the stroke determining unit 66 of the
control apparatus 41 determine engine strokes based on
the intake air pressure for determination. In the present
embodiment, the control apparatus 41 acquires pieces
of data corresponding to four revolutions, each data of
which is on the difference between the maximum and
minimum intake air pressures during one revolution of
the crankshaft 17. When the variation in differences is
either "large — small — large — small" or "small — large
— small — large" and the variation in the differences at
or after the fourth revolution is smaller than the previous
variation, the control apparatus 41 determines that the
engine 1 is in expansion and exhaust strokes. This proc-
ess is explained later in detail.

[0025] Next, in Step S111, the output processing unit
67 of the control apparatus 43 calculates an ignition tim-
ing from the determination result of the strokes of the
engine 1, the engine speed, and the throttle opening de-
gree. Furthermore, in Step S 112, the output processing
unit 67 decides a fuel injection amount and the timing of
starting fuel injection from the determination result of the
strokes of the engine 1, the engine speed, and the throttle
opening degree.

[0026] Further, in Step S 113, the output processing
unit 67 performs an ignition output process to discharge
the ignition plug 24, thereby igniting a combustible air-
fuel mixture in the combustion chamber 13. After the
strokes of the engine 1 are determined, the output
processing unit 67 performs the ignition output process
only inintake and compression strokes and performs one
ignition output for every two revolutions of the crankshaft
17. On the other hand, when the strokes of the engine 1
have not been determined yet, the output processing unit
67 performs one ignition output for every one revolution
of the crankshaft 17.

[0027] In Step S 114, the output processing unit 67
then performs a fuel injection process to inject fuel into
the air drawn into the intake pipe 2, thereby producing
the combustible air-fuel mixture. After the strokes of the
engine 1 are determined, the output processing unit 67
performs the fuel injection process of injecting the fuel
once for every two revolutions of the crankshaft 17. On
the other hand, when the strokes of the engine 1 have
not been determined yet, the output processing unit 67
performs the fuel injection process of injecting the fuel
once for every one revolution of the crankshaft 17.
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Details of a calculating process of the intake air pressure
for stroke determination in Step 109 of FIG. 3 are ex-
plained next with reference to the flowchart of FIG. 5.

[0028] First, in Step S201, the control apparatus 41
checks the number of stages calculated along with the
rotation of the timing rotor 18. When the number of stages
specified by the rotation angle of the crankshaft 17 indi-
cates a stage just after the top dead center, that is, the
number of stages is 0 (zero), the process proceeds to
Step S202. In Step S202, the intake-air-pressure calcu-
lating unit 63 resets an intake-air-pressure bottom value
and sets the intake-air-pressure bottom value PMB to a
current intake air pressure. In Step S203, the intake-air-
pressure calculating unit 63 resets an intake-air-pressure
top value and sets an intake-air-pressure top value PMT
to the current intake air pressure. Further, in Step S204,
the fluctuation-range calculating unit 64 resets an intake-
air-pressure fluctuation range DPMTDC and sets a cur-
rent value to zero. Thereafter, the process proceeds to
Step S210 to be explained later.

[0029] Onthe other hand, whenitis determined in Step
S201 that the current stage is not the stage right after
the top dead center, the process proceeds to Step S205,
and the intake-air-pressure calculating unit 63 checks
whether the intake-air-pressure bottom value PMB has
been measured. When the current intake air pressure is
equal to or lower than the intake-air-pressure bottom val-
ue PMB, the intake-air-pressure calculating unit 63 as-
sumes that a new intake-air-pressure bottom value PMB
has been detected. The process proceeds to Step S206,
in which the intake-air-pressure calculating unit 63 up-
dates the intake-air-pressure bottom value PMB to the
current intake air pressure, and then the process pro-
ceeds to Step S207.

Meanwhile, if it is determined in Step S205 that the cur-
rentintake air pressure is higher than the intake-air-pres-
sure bottom value PMB, the intake-air-pressure calculat-
ing unit 63 does not update the intake-air-pressure bot-
tom value PMB and the process proceeds to Step S207.
[0030] Further, in Step S207, the intake-air-pressure
calculating unit 63 checks whether the intake-air-pres-
sure top value PMT has been measured. When the cur-
rent intake air pressure is equal to or higher than the
intake-air-pressure top value PMT, the intake-air-pres-
sure calculating unit 63 assumes that a new intake-air-
pressure top value PMT has been detected and the proc-
ess proceeds to Step S208. In Step S208, the intake-air-
pressure calculating unit 63 updates the intake-air-pres-
sure top value PMT to the current intake air pressure.
Wheniitis determined in Step S207 that the currentintake
air pressure is lower than the intake-air-pressure top val-
ue PMT, the intake-air-pressure calculating unit 63 does
not update the intake-air-pressure top value PMT and
the process proceeds to Step S209.

[0031] Next, in Step S209, the fluctuation-range cal-
culating unit 64 calculates the intake-air-pressure fluctu-
ation range DPMTDC. The intake-air-pressure fluctua-
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tion range DPMTDC can be obtained by subtracting the
intake-air-pressure bottom value PMB from the intake-
air-pressure top value PMT.

[0032] The process in Step S210 is performed next.
When the current stage is not the stage just before the
top dead center, this process is finished. In this way, while
the stage reaches a next stage corresponding to the top
dead center after passing the stage corresponding to the
top dead center, the processes from Steps S201 to S209
are repeated, thereby repeatedly updating the intake-air-
pressure bottom value PMB, updating the intake-air-
pressure top value PMT, and calculating the intake-air-
pressure fluctuation range DPMTDC.

[0033] Ontheotherhand, whenitis determinedin Step
S210 that the current stage has reached the stage just
before the top dead center, the process proceeds to Step
S211, and the fluctuation-range calculating unit 64 stores
a current intake-air-pressure fluctuation range DPMTDC
1 already stored in a memory as a previous intake-air-
pressure fluctuation range DPMTDC2. In Step S212, the
fluctuation-range calculating unit 64 then stores the
present intake-air-pressure fluctuation range DPMTDC
as the current intake-air-pressure fluctuation range
DPMTDCH1. In Step S213, the fluctuation-range calculat-
ing unit 64 calculates an intake-air-pressure fluctuation
range variation amount DDPMTDC by subtracting the
current intake-air-pressure fluctuation range DPMTDC 1
from the previous intake-air-pressure fluctuation range
DPMTDC2. The process performed so far calculates the
intake-air-pressure bottom value PMB and the intake-air-
pressure top value PMT during one revolution of the
crankshaft 17, the current intake-air-pressure fluctuation
range (DPMTDC1), and the intake-air-pressure fluctua-
tion range variation amount DDPMTDC that is the differ-
ence between the previous intake-air-pressure fluctua-
tion range and the current intake-air-pressure fluctuation
range. This process is then finished.

Details of an engine-stroke determining process in Step
S110 of FIG. 3 are explained next with reference to the
flowcharts of FIGS. 6 and 7.

[0034] First, in Step S301, the fluctuation-range calcu-
lating unit 64 of the control apparatus 41 checks the cur-
rent stage. When the stage is not the stage just before
the top dead center, Step S320 in FIG. 7 via a terminal
A'is performed. On the other hand, when it is determined
in Step S301 that the stage is just before the top dead
center, the process proceeds to Step S302. In Step S302,
the fluctuation-range comparing unit 65 checks whether
the variation amount DDPMTDC in the intake-air-pres-
sure fluctuation ranges DPMTDC is equal to or greater
than a predetermined value. For example, the predeter-
mined value is defined as about 5 kPa although the value
differs according to the displacement or the like of the
engine 1.

[0035] When it is determined in Step S302 that the
variation amount in the intake-air-pressure fluctuation
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ranges DPMTDC is smaller than the predetermined val-
ue, the process proceeds to Step S303, and the fluctu-
ation-range calculating unit 64 resets a previous intake-
air-pressure fluctuation flag. Further, in Step S304, the
fluctuation-range calculating unit 64 resets a current in-
take-air-pressure fluctuation flag. In Step S305, an in-
take-air-pressure fluctuation cycle counter CC is reset.
Thereafter, Step S312 in FIG. 7 via a terminal B is per-
formed.

[0036] Onthe other hand, whenitis determinedin Step
S302 that the variation amount in the intake-air-pressure
fluctuation ranges DPMTDC is equal to or greater than
the predetermined value, the process proceeds to Step
S306, and the fluctuation-range calculating unit 64 up-
dates a previous intake-air-pressure fluctuation flag F_
DB. Specifically, the fluctuation-range calculating unit 64
updates the previous intake-air-pressure fluctuation flag
F_DB to a current intake-air-pressure fluctuation flag F_
DT.

Further, in Step S307, the fluctuation-range comparing
unit 65 checks the magnitude relation between the pre-
vious intake-air-pressure fluctuation range DMPTDC2
and the current intake-air-pressure fluctuation range
DMPTDCH1, and sets the current intake-air-pressure fluc-
tuation flag F_DT accordingly. For example, when the
previous intake-air-pressure  fluctuation range
DMPTDC?2 is equal to or greater than the current intake-
air-pressure fluctuation range DMPTDCA1, the variation
in the intake-air-pressure fluctuations is from large to
small. Therefore, the current intake-air-pressure fluctu-
ation flag F_DT is set to "1". When the previous intake-
air-pressure fluctuation range DMPTDC2 is smaller than
the current intake-air-pressure fluctuation range
DMPTDCHA1, the variation in the intake-air-pressure fluc-
tuations is from small to large. Therefore, the current in-
take-air-pressure fluctuation flag F_DT is set to "0".
[0037] In Step S308, ifitis not assumed that the intake
air pressure fluctuations are generated cyclically, the
process proceeds to Step S309. The case where itis not
assumed that the intake air pressure fluctuations are gen-
erated cyclically means a case where the value of the
intake-air-pressure fluctuation cycle counter CC is small-
er than "1". In Step S309, the fluctuation-range compar-
ing unit 65 checks the magnitude relation between the
previous intake-air-pressure  fluctuation  range
DPMTDC2 and the current intake-air-pressure fluctua-
tion range DPMTDC 1. When the variation from the pre-
vious intake-air-pressure fluctuation range DPMTDC2 to
the current intake-air-pressure fluctuation range
DPMTDCH1 is from large to small, the process proceeds
to Step S310. In Step S310, when the current intake-air-
pressure fluctuation flag (F_DT) is inverted with respect
to the previous intake-air-pressure fluctuation flag (F_
DB), the process proceeds to Step S311, and the intake-
air-pressure fluctuation cycle counter CC is incremented.
Thereafter, the process proceeds to Step S312 in FIG.
7 via the terminal B.

[0038] Ontheotherhand, whenitis determined in Step
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S309 that the variation from the previous intake-air-pres-
sure fluctuation range DPMTDC2 to the current intake-
air-pressure fluctuation range DPMTDC1 is from small
to large, the process proceeds to Step S305. In Step
S305, the intake-air-pressure fluctuation cycle counter
CC is reset to "0". Thereafter, the process proceeds to
Step S312inFIG. 7 viathe terminal B. Furthermore, when
itis determined in Step S310 that the intake-air-pressure
fluctuation flag is not inverted, for example, when the
previous intake-air-pressure fluctuation flag F_DB and
the current intake-air-pressure fluctuation flag F_DT are
both "1" or "0", the process proceeds to Step S305. In
Step S305, the intake-air-pressure fluctuation cycle
counter CC is reset to "0". Thereafter, the process pro-
ceeds to Step S312 in FIG. 7 via the terminal B.

[0039] Meanwhile, whenitis determined in Step S308
that the intake-air-pressure fluctuations are generated
cyclically, thatis, the value of the intake-air-pressure fluc-
tuation cycle counter CC is equal to or greater than "1",
the process proceeds to Step S310. In Step S310, when
the current intake-air-pressure fluctuation flag F_DT is
inverted with respect to the previous intake-air-pressure
fluctuation flag F_DB, the process proceeds to Step
S311. In Step S311, the intake-air-pressure fluctuation
counter CC is incremented. Thereafter, the process pro-
ceeds to Step S312. When it is determined in Step S310
that the intake-air-pressure fluctuation flag is not invert-
ed, the intake-air-pressure fluctuation cycle counter CC
isresetin Step S305. The process then proceeds to Step
S312in FIG. 7 via the terminal B.

[0040] In Step S312 shown in FIG. 7, the stroke deter-
mining unit 66 checks the value of the intake-air-pressure
fluctuation cycle counter CC. When the value of the in-
take-air-pressure fluctuation cycle counter CC is equal
toorgreaterthan"3", the process proceeds to Step S313.
In Step S313, it is checked whether the variation in the
intake-air-pressure fluctuations is from large to small.
That s, the current intake-air-pressure fluctuation flag F_
DT is checked and when the intake-air-pressure fluctu-
ation flag F_DT is "1", the process proceeds to Step
S314. When the strokes of the engine 1 have been al-
ready determined in Step pS314, the process proceeds
to Step S315. In Step S315, when the number of stages
ofthe 720 CAis "25", the process proceeds to Step S316.
Similarly, in Step S314, when the strokes of the engine
1 have not been determined yet, the process proceeds
to Step S316.

[0041] In Step S316, a stroke determination flag F_ST
is set to "1" on an assumption that the strokes of the
engine 1 have been determined. In Step S317, the 720
CA stage is set to "26". The 720 CA stage is a numeral
incremented whenever the position of the protrusion 71
of the timing rotor 18 is detected while the crankshaft
revolves by 720°.

[0042] When it is determined in Step S312 that the
value of the intake-air fluctuation cycle counter CC is
smaller than "3", or it is determined in Step S313 that the
variation in the intake-air-pressure fluctuation ranges is
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from small to large, the process proceeds to Step S320.
In Step S320, the stroke determining unit 66 checks
whether the strokes of the engine 1 have been deter-
mined while referring to the stroke determination flag F_
ST. When the strokes have not been determined yet in
Step S320, the stroke determining unit 66 decides that
the strokes of the engine 1 cannot be determined. At this
time, "0" is assigned to the stroke determination flag F_
ST. Furthermore, in Step S320, the 720 CA stage is reset.
Further, when the 720 CA stage does not match the en-
gine strokes in Step S315, the process proceeds to Steps
S321 and S322.

[0043] When it is determined in Step S320 that the
strokes have been determined, that is, the stroke deter-
mination flag F_ST is "1", the process proceeds to Step
S323. When it is determined in Step S323 that the 720
CA stage reaches a maximum value, the process pro-
ceeds to Step S324, in which the 720 CA stage is set to
zero. In other cases, the process proceeds to Step S25,
in which the 720 CA stage is incremented by one.
[0044] After the 720 CA stage is set in Step S317,
S322, S325 or S324, the process in and after Step S326
differs depending on whether the strokes of the engine
1 have been determined.

Thatis, whenitis determined in Step S326 that the stroke
determination flag F_ST is "0", that is, the strokes have
not been determined yet, the process proceeds to Step
S327. In Step S327, "0" is assigned to an engine stroke
flag F_ENG and this process is finished. On the other
hand, when itis determined in Step S326 that the strokes
have been determined, the process proceeds to Step
S328. When it is determined in Step S328 that the 720
CA stage is "9", the stroke determining unit 66 assumes
that the engine 1 is in expansion and exhaust strokes
and sets the engine stroke flag F_ENG to "1" in Step
S329. Thereafter, this process is finished.

[0045] Whenitis determined in Step S328 thatthe 720
CA stage is not "9", the process proceeds to Step S320.
When itis determined in Step S320 thatthe 720 CA stage
is "27", the stroke determining unit 66 assumes that the
engine 1 is in the intake and compression strokes and
sets the engine stroke flag F_ENG to "0" in Step S311.
Thereatfter, this process is finished. Wheniitis determined
in Step S328 that the 720 CA stage is not "9" and it is
determined in Step S330 that the 720 CA stage is not
"27" either, this process is finished without setting the
engine stroke flag F_ENG.

[0046] An ignition-timing calculating process in Step
S111, afuel-injection-amount calculating process in Step
S 112, the ignition output process in Step S 113, and the
fuelinjection process in Step S114 shown in the flowchart
of FIG. 3 are performed so as to execute fuel injection or
the like once for every two resolutions of the crankshaft
17 when the stroke determination flag F_ST is "1". Fur-
thermore, the fuel injection or the like is executed at an
optimum timing according to the respective strokes of
the engine 1 by referring to the engine determination flag
F_ENG.



13 EP 2 458 187 A1 14

[0047] A process at the start of the engine 1 is ex-
plained next in detail mainly with reference to the timing
chart of FIG. 8. In FIG. 8, the horizontal axis indicates
time. The following parameters are shown on the vertical
axis from above. "TDC/BDC" indicates that the piston 15
is at the top dead center (TDC) or a bottom dead center
(BDC). "Engine stroke" indicates which stroke the engine
1is in. "Crank signal" indicates an analog signal output
from the crank angle sensor 19 along with the rotation of
the timing rotor 18. "F_TCTDC" is a flag that indicates
detection of the reference position. "360 CA stage" is
data incremented whenever the protrusion 71 on the tim-
ing rotor 18 is detected during one revolution (360°) of
the crankshaft 17. A value from 0 to 17 is repeatedly
allocated to the 360 CA stage. "720 CA stage" is data
incremented whenever the protrusion 71 on the timing
rotor 18 is detected during two revolutions (720°) of the
crankshaft 17. Avalue from O to 35 is repeatedly allocated
to the 720 CA stage. If no protrusion 71 is detected, "FF"
is allocated to the 360 CA stage or the 720 CA stage.
"F_ENG" is the engine stroke flag, and "intake air pres-
sure" is the pressure in the intake pipe 2. "F_DT" is the
current intake-air-pressure fluctuation flag and "CC" is
the value of the intake-air-pressure fluctuation counter
CC."F_ST"indicates the stroke determination flag of the
engine 1.

[0048] At a time tO when cranking starts, the crank an-
gle sensor 19 outputs an analog crank signal along with
the revolution of the crankshaft 17. The crank signal
peaks cyclically at an interval of 20°, for example.

At a time t1 when the reference position of the timing
rotor 18 that rotates in proportion to the crankshaft 17 is
detected, the flag F_TCTDC indicating the detection of
the reference position is set to "1". The value of the 360
CA stage is thereby updated and the value from 0 to 17
is thereafter repeatedly allocated to the 360 CA stage.
Reading of an intake air pressure PM is then started.
Furthermore, the calculating process of the intake air
pressure for determination as shown in the flowchart of
FIG. 5 is performed to start calculating the intake-air-
pressure bottom value PMB, the intake-air-pressure top
value PMT, and the intake-air-pressure fluctuation range
DPMTDC.

[0049] Whenever a peak of the crank signal is detect-
ed, the 360 CA stage is incremented. At a time t2 when
the 360 CA stage is "17" corresponding to a state just
before the top dead center, the intake-air-pressure fluc-
tuation range at this time is stored as the current intake-
air-pressure fluctuation range DPMTDC 1. The current
intake-air-pressure fluctuation range DPMTDC 1 having
already been stored is stored as the previous intake-air-
pressure fluctuation range DPMTDC2. The variation
DDPMTDC between the current intake-air-pressure fluc-
tuation range DPMTDC 1 and the previous intake-air-
pressure fluctuation range DPMTDC2 is calculated. Nev-
ertheless, at the time t2, the intake-air-pressure fluctua-
tion range variation DDPMTDC is 0 because it is the first
process.
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[0050] Thereafter,the 360 CAstageisresetand count-
ed again from "0". Along with the counting, the calculating
process of the intake air pressure for determination as
shown in the flowchart of FIG. 5 is performed to start
calculating the intake-air-pressure bottom value PMB,
the intake-air-pressure top value PMT, and the intake-
air-pressure fluctuation range DPMTDC. In a process
from the time t2 to a time t3, the intake air pressure grad-
ually decreases as the stage is closer to "5". Therefore,
the initial intake-air-pressure top value PMT is kept as
the PMT. On the other hand, the intake-air-pressure bot-
tom value PMB is appropriately updated according to a
decrease in the intake air pressure and reaches a mini-
mum value P1 when the stage is "5". Thereafter, while
the intake air pressure gradually increases as the stage
is closer to "17", the intake-air-pressure bottom value
PMB is kept P1. When the stage is "17", the intake-air-
pressure top value PMT reaches a maximum value P2.
As a result, the intake-air-pressure fluctuation range DP-
MTDC corresponds to the height of a range surrounded
by a rectangle in FIG. 8 or becomes equal to P2-P1.
[0051] Itis assumed here that this intake-air-pressure
fluctuation range DPMTDC is greater than the predeter-
mined value indicated in Step S302 of FIG. 6. In this case,
when the previous intake-air-pressure fluctuation range
DPMTDC?2 is compared with the current intake-air-pres-
sure fluctuation range DPMTDCH1, the variation in the
fluctuation ranges is from small to large. Therefore, the
current intake-air-pressure fluctuation flag F_DT is set to
"0". At this point, the stroke determination has not been
made yet and thus it is not confirmed that the intake-air-
pressure fluctuation flag is inverted. Due to this, the in-
take-air-pressure fluctuation cycle counter CC remains
as "0".

[0052] In the subsequent period from the time t3 to a
time t4, similar processes are performed. In this period,
the previous intake-air-pressure fluctuation range
DPMTDC2 (between the time t2 and the time t3) is com-
pared with the current intake-air-pressure fluctuation
range DPMTDC 1 (between the time t3 and the time t4).
The current intake-air-pressure fluctuation range
DPMTDCH1 at the time t4 is smaller than the previous
range DPMTDC2 at the time t3. That is, the variation in
the fluctuation ranges is from large to small from the time
t3 to the time t4, so that the current intake-air-pressure
fluctuation flag F_DT is setto "1". At this point, the current
intake-air-pressure fluctuation flag F_DT is inverted from
"0" to "1" although the stroke determination has not been
made yet. That is, it can be assumed that the intake-air-
pressure fluctuations are cyclic from the previous top
dead center to the current top dead center, so that the
intake-air-pressure fluctuation cycle counter CC is incre-
mented to "1".

[0053] In a period from the time t4 to a time t5, the
current intake-air-pressure fluctuation range DPMTDC
is calculated. Because the variation between the previ-
ous fluctuation range (from the time t3 to the time t4) and
the current fluctuation range (from the time t4 to the time
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t5) is from small to large, the current intake-air-pressure
fluctuation flag F_DT is set to "0". Although the stroke
determination has not been made yet, it is confirmed that
the intake-air-pressure fluctuation flag is inverted (from
"1" to "0"). Therefore, the intake-air-pressure fluctuation
cycle counter CC is incremented to "2".

[0054] Furthermore, in a period from the time t5 to a
time t6, the current intake-air-pressure fluctuation range
DPMTDC is calculated. Because the variation in the in-
take-air-pressure fluctuation ranges DPMTDC is from
large to small, the current intake-air-pressure fluctuation
flag F_DT is inverted with respect to the previous value.
Therefore, the intake-air-pressure fluctuation cycle coun-
ter CC is incremented to "3".

[0055] After these steps, the intake-air-pressure fluc-
tuation cycle counter CC becomes equal to or greater
than "3". That is, in a period corresponding to the four
revolutions of the crankshaft 17, the variations in the in-
take-air-pressure fluctuation ranges occur alternately
and consecutively from one 720 CA stage to the next 720
CA stage. Therefore, the stroke determination can be
made.

Furthermore, at this time, the variation in the intake-air-
pressure fluctuations DPMTDC is from large to small.
Therefore, it is determined that the strokes during one
revolution (360 CA) just before the time t6 are the expan-
sion and exhaust strokes.

Accordingly, the stroke determination flag F_ST at the
720 CA stage is set to "1" and "26" is set to the 720 CA
stage at this time.

Thereafter, based on the determination result of the
strokes of the engine 1, fuel injection and ignition are
performed once for every two revolutions.

[0056] A process of stroke determination when a ve-
hicle state changes from deceleration to acceleration is
explained next mainly with reference to the timing chart
of FIG. 9. It is assumed that at a time t10, the engine 1
is running in a decelerating state at the engine speed of
5000 rpm and the throttle opening degree is an idling
opening degree, for example. It is also assumed that the
stroke determination is made before the time t10, the
variation in the intake-air-pressure fluctuation ranges
DPMTDC is from small to large, and that the intake-air-
pressure fluctuations cycle counter CC is "255". This in-
dicates that the variations occur cyclically, alternately,
and consecutively 255 or more times because the upper
limit of the intake-air-pressure fluctuation cycle counter
CC is "255".

[0057] At a time t11, a running state of the engine 1
changes from the decelerating state to an accelerating
state by operating the throttle valve 5 open. Because the
engine 1 is in the expansion and exhaust strokes at this
time, the engine 1 causes no effect on the intake pipe 2.
By opening the throttle valve 5, a downstream side of the
throttle valve 5 is continuous to an upstream side, that
is, to the atmosphere. As a result, the pressure in the
intake pipe in the expansion and exhaust strokes varies
to an approximate atmospheric pressure and the intake-
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air-pressure fluctuation range DPMTDC in the expansion
and exhaust strokes is greater than the previous intake-
air-pressure fluctuation range DPMTDC.

[0058] At a time t12 when the 360 CA stage reaches
a stage before the top dead center, the intake-air-pres-
sure fluctuation range DPMTDC in a period from the
stage after the time t10 to a time t12 is calculated. Be-
cause the variation from the previous intake-air-pressure
fluctuation range DPMTDC to the current range DPMT-
DC is from small to large, the current intake-air-pressure
fluctuation flag F_DT is setto "0". The intake-air-pressure
fluctuation flag is kept "0", so that cyclic nature of the
intake-air-pressure fluctuations is lost from the previous
top dead center to the current top dead center. The in-
take-air-pressure fluctuation cycle counter CC is thereby
reset to "0".

[0059] At a time t13 when the 360 CA stage reaches
the stage before the top dead center, the intake-air-pres-
sure fluctuation range DPMTDC in a period from the
stage after the time t12 to the time t13 is calculated. Be-
cause the variation from the previous intake-air-pressure
fluctuation range DPMTDC to the current range DPMT-
DC is from large to small, the current intake-air-pressure
fluctuation flag F_DT is setto "1". The intake-air-pressure
fluctuation cycle counter CC is "0". Therefore, because
the intake-air-pressure fluctuation flag is inverted with
respect to the previous value, the cyclic nature of the
intake-air-pressure fluctuations is maintained from the
previous top dead center to the current top dead center.
The intake-air-pressure fluctuation cycle counter CC is
thereby incremented to "1".

[0060] Atthe time t14 when the 360 CA stage reaches
the stage before the top dead center, the intake-air-pres-
sure fluctuation range DPMTDC in a period from the
stage after the time t13 to the time t14 is calculated. Be-
cause the variation from the previous intake-air-pressure
fluctuation range DPMTDC to the current range DPMT-
DC is from large to small, the current intake-air-pressure
fluctuation flag F_DT is setto "1". The intake-air-pressure
fluctuation flag is kept "1", so that the cyclic nature of the
intake-air-pressure fluctuations is lost from the previous
top dead center to the current top dead center. The in-
take-air-pressure fluctuation cycle counter CC is thereby
reset to "0".

[0061] At a time t15 when the 360 CA stage reaches
a stage before the top dead center, the intake-air-pres-
sure fluctuation range DPMTDC in a period from the
stage after the time t14 to the time t15 is calculated. The
variation from the previous intake-air-pressure fluctua-
tion range DPMTDC to the current range DPMTDC is
from small to large. Because the air-pressure fluctuation
cycle counter CC is "0" at this point, the intake-air-pres-
sure fluctuation cycle counter CC is reset again to "0".
[0062] At a time t16 when the 360 CA stage reaches
the stage before the top dead center, the intake-air-pres-
sure fluctuation range DPMTDC in a period from the
stage after the time t15 to the time t16 is calculated. Be-
cause the variation from the previous intake-air-pressure
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fluctuation range DPMTDC to the current range DPMT-
DC is from large to small, the current intake-air-pressure
fluctuation flag F_DT is setto "1". The intake-air-pressure
fluctuation cycle counter CC is "0" and the intake-air-
pressure fluctuation flag is inverted with respect to the
previous value. Therefore, the cyclic nature of the intake-
air-pressure fluctuations is maintained from the previous
top dead center to the current top dead center. The in-
take-air-pressure fluctuation cycle counter CC is thereby
incremented to "1".

[0063] Thereafter, whenever the 360 CA stage reach-
es the stage before the top dead center, the processes
described above are repeated. At a time t17, the intake-
air-pressure fluctuation cycle counter CC is "1" and the
fluctuation range is inverted. Therefore, the intake-air-
pressure fluctuation cycle counter CC is incremented to
"2". Atatime t18, the intake-air-pressure fluctuation cycle
counter CC is "2" and the fluctuation range is inverted.
Due to this, the intake-air-pressure fluctuation cycle
counter CC is incremented to "3".

[0064] Afterthe process at and before the time t18, the
intake-air-pressure fluctuation cycle counter C becomes
"3" and the variation is from large to small, so that the
stroke determination is made. That s, in the period of the
four revolutions of the crankshaft, the variations in the
intake-air-pressure fluctuations occur alternately and
consecutively during the two revolutions of the crankshaft
(720 CA) and the variation in the intake-air-pressure fluc-
tuations DPMTDC is from large to small at this time.
Therefore, it is determined that the strokes during one
revolution (360 CA) just before the time t18 are the ex-
pansion and exhaust strokes.

As a result, the stroke determination flag F_ST is set to
"1" and #26 is set to the 720 CA stage.

[0065] Inthis way, when the throttle valve 5 is operated
to open while the engine is running in the decelerating
state, that is, when the running state of the engine 1
changes from the decelerating state to the accelerating
state, the cyclic nature of the intake-air-pressure fluctu-
ation ranges DPMTDC is lost. Conventional control ap-
paratuses erroneously determine strokes if the cyclic na-
ture is lost as described above. On the other hand, the
control apparatus 41 can determine strokes even after
the cyclic nature is lost by setting, as conditions for the
engine stroke determination, alternate and consecutive
occurrence of the variations in the intake-air-pressure
fluctuations range during the four revolutions of the
crankshaft 17.

[0066] Furthermore, an intake-air-pressure signal af-
ter the t14 has a signal waveform under a high load, for
example, when the throttle fully opens. Under the high
load, the intake air pressure pulsates in the intake pipe
as seen in the period from the time t11 to the time t12
shown in FIG. 9. This may cause malfunction of deter-
minations or erroneous determinations in the engine
stroke determination by the comparison using minimum
intake air pressures or accumulated intake air pressures
according to conventional techniques. The control appa-
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ratus 41 compares the intake-air-pressure fluctuation
ranges during the two revolutions of the crankshaft (720
CA). Therefore, even when the engine is running in a
state where the intake air pressure pulsates under a high
load, the control apparatus 41 can accurately determine
the engine strokes.

[0067] As described above, the control apparatus 41
compares the current intake-air-pressure fluctuation
range with the previous intake-air-pressure fluctuation
range during one revolution of the crankshaft 17 (360
CA). Therefore, it is possible to accurately determine the
engine strokes even in conditions in which the engine 1
is running at a high speed under a high load and the
intake air pressure has a high pulsation.

Because the control apparatus 41 makes an engine
stroke determination by the comparison to determine
whether one intake-air-pressure fluctuation range is
equal to or greater than the next intake-air-pressure fluc-
tuation range, it is possible to detect a high deviation
between the intake air pressures and enlarge a range in
which the engine stroke determination can be made in
an engine running range constituted by the engine speed,
as compared to conventional techniques.

[0068] Furthermore, the control apparatus 41 makes
an engine stroke determination while paying attention to
the nature of the cycles in which the variations in the
intake-air-pressure fluctuation ranges occur alternately
and consecutively. Therefore, even when the throttle
valve 5 that regulates the amount of intake air is operated
to open or close, the control apparatus 41 can make an
engine stroke determination more accurately.

The control apparatus 41 makes a stroke determination
when the variations in the intake-air-pressure fluctuation
ranges occur three times. Therefore, even when the
throttle valve 5 is operated to open or close, the control
apparatus 41 can make an engine stroke determination
accurately in a short time.

[0069] Due tothe above configurations, the control ap-
paratus 41 can prevent engine failure due to the errone-
ous determination of the engine strokes, and execute
fuel injection and ignition once for every two revolutions
of the crankshaft 17 (720 CA) based on the engine
strokes. This can reduce energy loss (consumption) and
improve the durability of constituent elements, such as
a capacitor and a coil, that constitute the ignition system.
[0070] When the opening degree of the throttle valve
5 is stably constant while the engine 1 is running, the
intake-air-pressure fluctuation range in the expansion
and exhaust strokes is greater than the previous fluctu-
ation range. However, when the throttle valve 5 is oper-
ated to open in the expansion and exhaust strokes, the
engine 1 causes no effect on the intake pipe 2. Therefore,
the intake pipe 2 at the downstream of the throttle valve
5 is continuous to the upstream intake pipe, that is, to
the atmosphere, the intake air pressure in the expansion
and exhaust strokes changes to the approximate atmos-
pheric pressure, and the intake-air-pressure fluctuation
range in the expansion and exhaust strokes is greater
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than the intake-air-pressure fluctuation range in the in-
take and compression strokes. Moreover, the intake-air-
pressure fluctuation range in the strokes right after the
expansion and exhaust strokes is smaller than that in the
expansion and exhaust strokes. On the other hand, even
when the throttle valve 5 is operated closed in the ex-
pansion and exhaust strokes, the intake-air-pressure
fluctuation range in these strokes is not greater than that
in the intake and compression strokes just before the
expansion and exhaust strokes. That is, even when the
throttle valve 5 is operated to open or close, the state
where the intake-air-pressure fluctuation range in the ex-
pansion and exhaust strokes is greater than that in the
intake and compression stroke does not occur consec-
utively during four or more revolutions of the crankshaft
17.

[0071] FIGS. 10 and 11 show results of experiments.
FIG. 10 shows respective parameters and a determina-
tion result when the running state of the engine 1 changes
from a high load state (for example, at the engine speed
of about 9000 rpm) to the decelerating state. FIG. 11
shows respective parameters and a determination result
when the running state of the engine 1 changes from the
decelerating state to the accelerating state (for example,
at the engine speed up to about 9000 rpm).

FIG. 10 shows variations in the intake air pressure when
the running state of the engine 1 changes from the high
load to the decelerating state. When the intake-air-pres-
sure fluctuation range at the current top dead center and
that at the previous top dead center are compared during
the two revolutions of the crankshaft 17 (720 CA), the
comparison indicates that the variations occur alternately
and consecutively. Conventional determination methods
pay attention to the intake-air-pressure bottom values
PMB. Therefore, when the difference between the intake-
air-pressure bottom values PMB is small during two con-
secutive strokes, an error possibly occurs to the deter-
mination. On the other hand, according to the present
embodiment, attention is paid to the variation between
the intake-air-pressure top value PMT and the intake-air-
pressure bottom value PMB. Accordingly, even when the
difference between the intake-air-pressure bottom val-
ues PMB is small, it is possible to discriminate the intake
and compression strokes from the expansion and ex-
haust strokes.

[0072] FIG. 11 shows variations in the intake air pres-
sure when the running state of the engine 1 changes from
the decelerating state to the accelerating state. When
the throttle 5 starts to open at around 40 msec, the var-
iations in the intake-air-pressure fluctuation ranges do
not occur alternately, but the variations occur soon after-
wards. In the period corresponding to the four revolutions
of the crankshaft 17, the variations occur alternately and
consecutively. This means that the control apparatus 41
can accurately determine engine strokes even while the
engine is accelerating.

[0073] When the intake-air-pressure fluctuation range
of the engine 1 at the current top dead center and that
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at the previous top dead center are compared during the
two revolutions of the crankshaft 17 (720 CA), the vari-
ations occur alternately and consecutively in the period
corresponding to the four revolutions of the crankshaft
17. In addition, when the current variation in the intake-
air-pressure fluctuation ranges is from large to small, the
control apparatus 41 determines that the strokes during
one revolution (360 CA) just before the variation are the
expansion and exhaust strokes. Even when the throttle
opening degree is operated to close (to decelerate) the
throttle valve or to open (to accelerate) it, the control ap-
paratus 41 can accurately determine the engine strokes.
[0074] It should be understood that the present inven-
tion is not limited to the examples and conditions men-
tioned in the above embodiment. The present invention
can be variously changed or modified without departing
from the spirit and scope of the invention.

The present invention is not limited to the above embod-
iment and can be applied to a wide range of technical
fields.

For example, the above embodiment can be also appli-
cable to multi-cylinder engine. In addition, the internal
combustion engine is not limited to the engine 1 shown
in FIG. 1.

Furthermore, the control apparatus can make a stroke
determination when variations in the intake-air-pressure
fluctuation ranges occur four or more times.

Explanations of Reference Numerals
[0075]

1 Engine (Internal combustion engine)
2 Intake pipe

17  Crankshaft (Output shaft)

41  Control apparatus

53 CPU

61  Crank signal processing unit

62  Throttle signal processing unit

63  Intake-air-pressure calculating unit
64  Fluctuation-range calculating unit
65  Fluctuation-range comparing unit
66  Stroke determining unit

67  Output processing unit

Claims

1. A control apparatus for an internal combustion en-
gine, comprising:

an intake-air-pressure calculating unit that ac-
quires a pressure in an intake pipe, which sup-
plies air into a combustion chamber of the inter-
nal combustion engine, and measures a maxi-
mum pressure and a minimum pressure in the
intake pipe during one revolution of an output
shaft of the internal combustion engine;
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a fluctuation-range calculating unit that calcu-
lates a pressure fluctuation range during one
revolution of the output shaft from a difference
between the maximum pressure and the mini-
mum pressure in the intake pipe;

a fluctuation-range comparing unit that com-
pares, with respect to a magnitude relation, a
previous pressure fluctuation range with a cur-
rent pressure fluctuation range obtained during
two revolutions of the crankshaft;

a stroke determining unit that compares, with
respect to a magnitude relation, a previous pres-
sure fluctuation range with a current pressure
fluctuation range, and determines strokes of the
internal combustion engine; and

an output processing unit that executes a fuel
injection output and an ignition output once for
every two revolutions of the output shaft after
strokes of the internal combustion engine are
determined.

The control apparatus for an internal combustion en-
gine according to claim 1, wherein the stroke deter-
mining unit compares, with respect to a magnitude
relation, the previous pressure fluctuation range with
the current pressure fluctuation range, and deter-
mines strokes of an engine when variations in the
magnitude relation between the pressure fluctuation
ranges in the intake pipe occur alternately and con-
secutively in a period of revolutions of the output
shaft with a predetermined number of times.

The control apparatus for an internal combustion en-
gine according to claim 2, wherein the stroke deter-
mining unit determines strokes of an engine when
variations in a magnitude relation between the pres-
sure fluctuation ranges in the intake pipe occur three
consecutive times.

The control apparatus for an internal combustion en-
gine according to any one of claims 1 to 3, wherein
when a variation from the previous pressure fluctu-
ation range to the current pressure fluctuation range
is from large to small, the stroke determining unit
determines that strokes corresponding to the current
pressure fluctuation range are expansion and ex-
haust strokes.
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