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rotated to an explosion stroke and thereafter is normal-
rotated, and thereby the engine is started. Timing from

(57) Realizing a more efficient engine starting con-
trol by recognizing an absolute angle of a crank shaft in

an engine. An absolute angle of the crank shaft 13 is
calculated on the basis of an ignition reference signal of
the engine and a commutation position pulse signal of
a starter motor 10, and the starter motor 10 is controlled
on the basis of the absolute angle. The starter motor 10
is reverse-rotated on the basis of the calculated abso-
lute angle and the crank shaft 13 is temporarily reverse-

the reverse rotation of the crank shaft 13 to the normal
rotation is accurately controlled by the absolute angle,
and an efficient inertial starting control can be realized
on a engine starting control without waste. Further, it is
possible to accurately recognize the absolute angle of
the crank shaft 13 in the engine by a crank angle detect-
ing apparatus without increasing the number of the re-
luctors 40.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to a starting sys-
tem for an internal combustion engine and a starting
control system for an internal combustion engine, the
systems which get starting an internal combustion en-
gine applied to a two-wheeled vehicle, a motor vehicle
or the like. Further, the present invention relates to a
crank angle detecting apparatus of an internal combus-
tion engine, the apparatus which is applied to a two-
wheeled vehicle, a motor vehicle or the like.

2. Description of the Prior Art

[0002] Inorder to startan engine (an internal combus-
tion engine), that is, in order to get an air-fuel mixture of
fuel sucking, compressing and exploding, itis necessary
to rotate a crank shaft by an external force until a desired
rotation is kept, and then in order to start the engine,
there is employed a starting system, that is, a starter
using a battery as a drive source.

[0003] In conventional starters, there have been two
types, a type in which a rotation of a motor is transmitted
to a rotation of a crank shaft via a reduction gear and a
type in which the motor is directly connected to the crank
shaft. In the type of rotating the crank shaft via the re-
duction gear, a pinion is engaged with a ring gear pro-
vided on an outer periphery of a flywheel of the engine,
and the pinion moves forward and backward along a
motor shaft, and the pinion gear is engaged with the ring
gear at the time of starting so that the speed thereof is
reduced and so that a rotational force thereof is trans-
mitted to the crank shaft, and the engagement thereof
is canceled after completion of the starting so that they
return to respective original positions.

[0004] In general, in the case of stopping the engine,
the crank shaft rotates through inertia, and thereafter a
compression load in a compression stroke of the engine
acts as a brake so that the rotation temporarily stops,
and thereafter the crank shaft is a little returned in a re-
verse direction due to a reaction against a compression
and frequently stops near a bottom dead center of the
compression stroke. Accordingly, at the time of starting
the engine, the rotation of the crank shaft is frequently
started from a position that is near the bottom dead cent-
er of the compression stroke.

[0005] However, inthe case of rotating the crank shaft
from this position and cranking the engine, since a load
of the compression is applied to the crank shaft imme-
diately after starting of the rotation, it is hard that a ro-
tational speed of the crank shaft is increased and at a
position where a reaction force at the time of compres-
sion becomes maximum, an electric current close to the
electric current flowing at the time of locking is applied
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to the starter motor. Accordingly, since a torque gener-
ated at this time becomes substantially the same torque
as the lock torque and gets over a top dead center, it is
necessary for the starter motor to have a capacity ca-
pable of generating the lock torque equal to or more than
the get-over torque.

[0006] In particular, in the case of using as the starter
motor an ACG motor of a type that is directly connected
to the crank shaft having no speed reduction gear, since
it is necessary to generate a great lock torque, there
arises a problem that a large-sized and expensive motor
must be used. Further, in the case of using a magnet in
order to treat a magnetic field, since a strong magnetic
field is required and a rotational resistance at the time
of operating as the ACG becomes great, there arises a
problem that reduction in fuel consumption and reduc-
tion in engine power are caused.

[0007] Further, in general, the engine (the internal
combustion engine) obtains an engine output by rotating
the crank shaft in accordance with a series of strokes
comprising the suction, the compression, the ignition,
and the explosion of an air-fuel mixture of fuel. In such
a series of strokes, in order to control an ignition timing,
a valve opening timing and the like, or to monitor the
engine rotation number and the like, signals to be used
as reference signals thereof are required. In many en-
gines, there has been employed a structure in which pul-
sar signals are obtained by a signal generating means
comprising a pulsar coil and by an iron projecting mem-
ber called a reluctor, and are used as the reference sig-
nals.

[0008] In the engine mentioned above, the reluctor is
formed at a predetermined position of a rotational body
rotating together with the crank shaft, such as the fly-
wheel, a rotor of a starter motor, and the like. Meanwhile,
the pulsar coil is also provided in a side of a stator and
is arranged such that the reluctor passes near the pulsar
coil. Further, when the reluctor passes near the pulsar
coil as the crank shaft rotates, an electric signal is gen-
erated in the pulsar coil due to a repulsion caused by
the approach of the reluctor to the pulsar coil and there-
by a pulsar signal is output.

[0009] In this case, since the pulsar signal is always
output at a predetermined crank angle, this pulsar signal
is used as an ignition reference signal and an ignition
timing control is executed. Further, the reluctor is mainly
constituted by one reluctor formed on the rotational body
and, in this case, the pulsar signal is output once with
respect to one turn of the crank shaft. Accordingly, it is
possible to calculate the engine rotation number on the
basis of an interval of the pulsar signal, and various
kinds of processes such as the control of a fuel injection
amount and the like can be executed by using the cal-
culated value.

[0010] Inthis case, in recent years, as the engine has
a high performance, a control aspect thereof becomes
complicated, so that it is necessary to monitor even the
fluctuation of the rotation number during one turn of the
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crank shaft and thereby execute a detailed control cor-
responding thereto. Therefore, a control with a high per-
formance has been put into practice by increasing the
number of the reluctors and by outputting the pulsar sig-
nal at a minuter angle interval.

[0011] However, there arise problems that as the
number of the reluctors is increased as mentioned
above, the number of the processes is increased ac-
cordingly, and that the more accurate the control is ex-
ecuted by increasing the number of the reluctors, the
more costs pile up.

[0012] An object of the present invention is to realize
the starting control of a more efficient engine by recog-
nizing an absolute angle of a crank shaft in an engine.
Further, another object of the present invention is to pro-
vide a crank angle detecting apparatus capable of ac-
curately recognizing the absolute angle of the crank
shaft in the engine without increasing the number of re-
luctors.

[0013] The above and other objects and novel fea-
tures of the present invention will be apparent from the
description in the present specification and the accom-
panying drawings.

SUMMARY OF THE INVENTION

[0014] A staring system for aninternal combustion en-
gine according to the present invention is characterized
by: a starter motor connected to a crank shaft of the in-
ternal combustion engine; and a control means for ac-
quiring an absolute angle of the crank shaft on the basis
of an ignition reference signal of said internal combus-
tion engine and a rotational pulse signal and controlling
said starter motor on the basis of said absolute angle.
[0015] Further, a starting system for an internal com-
bustion engine according to the present invention is
characterized by: a starter motor connected to a crank
shaft of the internal combustion engine; and a control
means for acquiring an absolute angle of the crank shaft
on the basis of an ignition reference signal of said inter-
nal combustion engine and a commutation position
pulse signal of said starter motor and controlling said
starter motor on the basis of said absolute angle.
[0016] In accordance with the present invention, the
absolute angle of the crank shaft is acquired by using
the existing signals such as the ignition reference signal
or the commutation position pulse signal, and the starter
motor is controlled on the basis of this. Accordingly, it is
possible to execute an accurate starting control which
employs the absolute angle of the crank shaft without
further adding a crank angle sensor or the like, and so
to realize the engine starting with good efficiency.
[0017] In this case, said control means may apply a
reverse current carried such that said crank shaft is tem-
porarily reverse-rotated up to a predetermined position,
and thereafter apply a normal current carried, and there-
by start said internal combustion engine. By doing so, it
is possible to accurately control the timing from the re-

10

15

20

25

30

35

40

45

50

55

verse rotation of the crank shaft to the normal rotation,
and to execute an inertia starting control with good effi-
ciency, by controlling the engine starting without waste.
[0018] At this time, said normal current carried may
be executed by detecting that said crank shaft has
reached a predetermine crank angle position, or execut-
ed by detecting that said crank shaft has started normal
rotation.

[0019] Further, in the case where said internal com-
bustion engine is a 2-stroke engine, one of a reluctor
and a pulsar coil for generating a second reference sig-
nal in addition to said ignition reference signal may be
provided.

[0020] In addition, said control means may recognize,
at the time of restarting after said internal combustion
stops in a state of a STOP and GO operation of stopping
idling at the time of waiting at stoplights or the like and
restarting the engine at the time of starting, said abso-
lute angle from at least the time when said internal com-
bustion engine becomes equal to or less than a prede-
termined rotation number; and said control means may
apply a reverse current carried such that said crank
shaft is temporarily reverse-rotated up to a predeter-
mined crank position, on the basis of said absolute angle
after stopping at the time of restarting said internal com-
bustion engine, and thereafter apply a normal current
carried, and thereby start said internal combustion en-
gine.

[0021] Also, said control means may apply, in the
case where said internal combustion engine stops after
getting over an a compression stroke, a reverse current
carried such that said crank shaft is temporarily reverse-
rotated up to a predetermined crank position, on the ba-
sis of said absolute angle acquired before said internal
combustion engine stops, at the time of next starting,
and thereafter said control means may apply a normal
current carried, and thereby start said internal combus-
tion engine.

[0022] Further, said control means may apply, in the
case where said internal combustion engine stops after
getting over an a compression stroke, a reverse current
carried such that said crank shaft is temporarily reverse-
rotated up to a predetermined crank position, on the ba-
sis of said absolute angle acquired before said internal
combustion engine stops, at the time of next starting,
and thereafter said control means may apply a normal
current carried, and thereby start said internal combus-
tion engine. By doing so, it is possible to always pass
through the position for generating the ignition reference
signal at the time of reverse-rotating the crank shaft, and
to securely acquire the ignition reference signal.
[0023] In addition, said control means may adjust, on
the basis of at least any one of a battery voltage and an
engine, a position at which the reverse current carried
in said crank shaft is finished and a position at which the
normal current carried in said crank shaft is started. By
doing so, it is possible to executed the more detailed
staring control on the basis of states of the battery and
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the engine, and to reduce time required for starting.
[0024] Meanwhile, a starting control system for an in-
ternal combustion engine according to the present in-
vention is one that executes a drive control of a starter
motor connected to a crank shaft of the internal com-
bustion engine, and the starting control system is char-
acterized by: an ignition reference signal acquiring
means for acquiring an ignition reference signal of said
internal combustion engine; a commutation position
pulse signal acquiring means for acquiring a commuta-
tion position pulse signal of said starter motor; an abso-
lute angle calculating means for calculating an absolute
angle of said crank shaft on the basis of said ignition
reference signal and said commutation position pulse
signal; and a motor control instructing means for con-
trolling said starter motor on the basis of said absolute
angle calculated.

[0025] Then, in accordance with the control system of
the present invention, since the absolute angle of the
crank shaft is acquired by using the existing signal such
as the ignition reference signal and the commutation po-
sition pulse signal and the starter motor is controlled on
the basis of this, it is possible to execute an accurate
starting control which employs the absolute angle of the
crank shaft without further adding a crank angle sensor
or the like and it is possible to realize the good efficient
engine starting.

[0026] In this case, said motor control instructing
means may apply a reverse current carried such that
said crank shaft is temporarily reverse-rotated up to a
predetermined crank position on the basis of said abso-
lute angle, and detect that said crank shaft has reached
a predetermined crank angle position or that said crank
shaft has started normal rotation, and thereafter apply
a normal current carried.

[0027] Also, said starting control system further com-
prises a battery voltage detecting means for detecting
a battery voltage and an engine temperature detecting
means for detecting an engine temperature, and said
motor control instructing means may control said starter
motor on the basis of said absolute angle and at least
any one of said battery voltage and the engine temper-
ature. By doing so, a it is possible to execute the more
detailed starting control on the basis of states of the bat-
tery and the engine, and to reduce time required for
starting.

[0028] Note that the normal rotation mentioned in this
case means a regular rotational direction of the engine
while the reverse rotation means a rotational direction
reverse to the regular rotational direction.

[0029] A crank angle detecting apparatus of an inter-
nal combustion engine according to the present inven-
tion is one that is started by a brushless starter motor
connected to a crank shaft, and the crank angle detect-
ing apparatus is characterized by: a reluctor formed in
a rotational body provided in said crank shaft; a refer-
ence signal generating means arrange close to said ro-
tational body of rotation and generating an electric sig-
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nal at a predetermined crank angle when said reluctor
passes; a commutation position signal generating
means for generating a commutation position signal for
controlling said starter motor when said starter motor ro-
tates; an angle pulse forming means for forming an an-
gle pulse having a predetermined period on the basis of
said commutation position signal; and a crank angle cal-
culating means for calculating an absolute angle of said
crank shaft on the basis of the electric signal from said
reference signal generating means and said angle
pulse.

[0030] In accordance with the present invention, it is
possible to calculate the absolute angle of the crank
shaft on the basis of the electric signal from the refer-
ence signal generating means and the angle pulse
formed from the commutation position signal. Accord-
ingly, it is possible to comprehend the current crank an-
gle without adding a reluctor, a crank angle sensor or
the like, and to execute the engine control with high ac-
curacy on the basis of the crank angle. Therefore, it is
possible to correspond to the control of the engine with
high performance without rising the costs caused by in-
crease in the number of steps required, and increase in
the number of parts and the like.

[0031] In this case, said reference signal generating
means may output an ignition reference signal for de-
termining ignition timing of said internal combustion en-
gine. By doing so, it is possible to make good use of the
existing signals and to prevent the costs from rising.
[0032] Further, said commutation position signal gen-
erating means may output a pulse signal having a plu-
rality of phases; said angle pulse forming means forms
an angle pulse signal having a predetermined period on
the basis of change in said pulse signal having the plu-
rality of phases; and said crank angle calculating means
may count said angle pulse after the electric signal is
input from said reference signal generating means and
thereby calculates the absolute angle of said crank
shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 is a cross-sectional view showing a structure
of a starter motor to which an engine starting appa-
ratus corresponding to a first embodiment of the
present invention is applied.

FIG. 2 is a front elevational view in which a housing
and a cover of the starter motor in FIG. 1 are omit-
ted.

FIG. 3 is a block diagram showing a structure of a
control system of the starter motor in FIG. 1.

FIG. 4 is a schematic view showing a structure of a
functioning means with respect to a starting control
in a CPU applied to a control of the starter motor in
FIG. 1.

FIG. 5 is a chart showing an engine starting opera-
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tion in the first embodiment of the presentinvention,
in which item (a) shows a starting load in each of
strokes, item (b) shows a starting energy, item (c)
shows a piston position at the time of a starting op-
eration, item (d) shows a pulse signal from a com-
mutation position detecting sensor, and item (e)
shows a cam shaft signal.

FIG. 6 is a flow chart showing steps of an engine
starting control in the first embodiment of the
present invention.

FIG. 7 is a flow chart showing steps of the engine
starting control in the first embodiment in accord-
ance with the present invention.

FIG. 8 is a schematic view showing the relation be-
tween a commutation position pulse signal and an
ignition reference signal.

FIG. 9 is a chart showing an engine starting opera-
tion in an second embodiment of the present inven-
tion, in which item (a) shows a starting load in each
of strokes, item (b) shows a starting energy, item (c)
shows a piston position at the time of a starting op-
eration, item (d) shows a pulse signal from a com-
mutation position detecting sensor, and item (e)
shows a cam shaft signal.

FIG. 10 is a flow chart showing steps of an engine
starting control in the second embodiment of the
present invention.

FIG. 11is aflow chart showing steps of a preliminary
normal rotation process in the second embodiment
of the present invention.

FIG. 12 is a table showing an example of a control
pattern in a starting control system of the present
invention.

FIG. 13 is a schematic view showing a structure of
a functioning means with respect to a crank angle
detecting process in a CPU.

FIG. 14 is a schematic view showing the relation
between a commutation position detecting sensor
signal, an angle pulse formed from the commutation
position detecting sensor signal, and an ignition ref-
erence signal.

FIG. 15 is a schematic view showing the relation
between the commutation position detecting sensor
signal, the angle pulse and the ignition reference
signal in the case of setting an interval of the angle
pulse at 60 degrees.

FIG. 16 is a schematic view showing the relation
between the commutation position detecting sensor
signal, the angle pulse and the ignition reference
signal in the case of setting an interval of the angle
pulse at about 10 degrees.

FIG. 17 is a schematic view in which item (a) shows
the case of dividing the angle pulse at a 5-degrees
interval, item (b) shows the case of dividing the an-
gle pulse at a 15-degrees interval, and item (c)
shows the case of adjusting the angle pulse interval
by taking into consideration a CPU load in a high
rotation area.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0034] Description will be in detail and below made of
embodiments of the present invention with reference to
the accompanying drawings.

(First Embodiment)

[0035] FIG. 1 is a cross sectional view showing a
structure of a starter motor to which an engine starting
system corresponding to a first embodiment of the
present invention is applied. FIG. 2 is a front elevational
view in which a housing and a cover of the starter motor
in FIG. 1 are omitted. FIG. 3 is a block diagram showing
a structure of a control system of the starter motor in
FIG. 1.

[0036] A starter motor (hereinafter referred to a motor
simply) 10 shown in FIG. 1 is directly connected to a
4-cycle engine for a two-wheeled vehicle, and is provid-
ed with a stator 12 fixed to an engine case 11 of an en-
gine and a rotor (a rotational body) 14 connected to a
crank shaft 13 of the engine.

[0037] The rotor 14 is provided with a yoke 15 using
a magnetic material such as an iron or the like and
formed in a short cylindrical shape with one end closed,
and a cylindrical boss portion 16 is concentrically inte-
grally provided on an inner surface of a bottom wall of
the yoke 15 in a protruding manner. Respective taper
surfaces of the boss 16 and the crank shaft 13 are con-
nected to each other in a wedge operation manner so
as to be fastened by a set nut 17, thereby the rotor 14
is fixed so as to be integrally rotated with the crank shaft
13. A plurality of permanent magnets 18 for constituting
a magnetic pole for a magnetic field are arranged and
fixed on an inner circumferential surface of the yoke 15
in a circumferential direction so that adjacent permanent
magnets 18 become different in pole.

[0038] The stator 12 of the motor 10 is provided with
a core 19 made of a magnetic material such as an iron
or the like and formed in a substantially star-shaped and
short disc shape. The core 19 is fastened and fixed to
a housing 20 arranged and installed on an outer surface
of the engine case 11 so as to be concentric with the
crank shaft 13, by a bolt 21 used as a fastening means.
Further, a cover 26 is mounted to an outer side of the
housing 20. The rotor 14 is arranged in an outer side of
the stator 12 within the housing 20 so as to surround an
outer periphery thereof, and the stator 14 rotates around
the stator 12 by driving the crank shaft 13.

[0039] The core 19 is integrally formed by laminating
a lot of thin sheets made of a magnetic material such as
an iron or the like, and has a core body 22 formed in a
donut shape. A plurality of salient poles 23 are radially
provided on an outer periphery of the core body 22 in a
protruding manner. A stator coil 24 is wound around
each of the salient poles 23 so as to form a three-phase
wire connection, and the stator coil 24 is connected to
a motor driver 31 via a terminal (not shown) by a lead
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wire and a wire harness (both not shown). That is, the
motor 10 is constructed as a brushless motor driven by
the motor driver 31.

[0040] Further, in the motor 10, a plurality of (for ex-
ample, three) commutation position detecting sensors
(commutation position signal generating means) 25 are
arranged in the cover 26, and is constructed so as to
detect a rotational position of the rotor 14 in response
to a magnetism of a sensor magnet 42. An output of the
commutation position detecting sensor 25 is supplied to
the motor driver 31 via a CPU (a starting control system)
32 mentioned hereinafter, and the motor driver 31 gen-
erates a current-carrying signal corresponding to a de-
tected signal from the commutation position detecting
sensor 25, and supplies an electric current on the basis
of the current-carrying signal to the stator coils 24 to ex-
cite, one by one, the stator coil 24 wound around each
salient pole 23. When the stator coil 24 is excited one
by one, a rotating magnetic field is formed by the stator
coil 24. Since the rotating magnetic field affects each
permanent magnet 18, the rotor 14 is rotated due to the
rotating magnetic field and a rotating force of the rotor
14 is transmitted to the crank shaft 13 via the boss por-
tion 16 of the yoke 15 and the engine is started.
[0041] Further, one reluctor 40 is provided on an outer
circumferential surface of the rotor 14 in a protruding
manner. Additionally, a pulsar coil (a reference signal
generating means) 41 is arranged in a side of the hous-
ing 20 in such a manner as to be opposed to the reluctor
40. Then, whenever the crank shaft 13 rotates one turn,
the reluctor 40 passes near the pulsar coil 41 once and
whenever the reluctor 40 passes through, an electric
signal is generated in the pulsar coil 41. Accordingly, the
electric signal is generated at the time when the crank
shaft 13 reaches a predetermined angle, and, in the
above-mentioned engine, the signal which is output like
this is used as an ignition reference signal for controlling
anignition timing. Thatis, the reluctor 40 passes through
the pulsar coil 41 immediately before a compression
stroke is finished (before a top dead center), and the
ignition reference signal is obtained there. In this case,
in the 4-cycle engine, since the crank shaft 13 rotates
twice at each one stroke, the ignition reference signal is
also generated immediately before an exhaust stroke is
finished.

[0042] Meanwhile, the motor 10 is, as shown in FIG.
3, driven by the motor driver 31 which is controlled by
the CPU (control means) 32. The commutation position
detecting sensor 25, the pulsar coil 41 generating the
ignition reference signal on the basis of an operation of
the crank shaft 13, a starter switch 34 of the engine, and
an ignition switch 39 are connected to the CPU 32. Fur-
ther, an ignition coil 35 for igniting the engine is connect-
ed to the CPU 32 via an ignition unit 36. Further, a ROM
37 for storing a motor driver which drives logic and var-
ious kinds of control programs relating to an engine con-
trol or the like, and a RAM 38 for storing data or the like
from the various kinds of sensors and the like are con-
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nected thereto. Further, a control signal is supplied to
the motor driver 31, the ignition unit 36 and the like on
the basis of detected values and signals of the various
kinds of sensors such as the commutation position de-
tecting sensor 25, the pulsar coil 41 and the like, thereby
controlling the motor 10, the ignition of the engine and
the like. In this case, the motor 10 itself, the CPU 32,
and the like are driven by power source (not shown)
mounted on a vehicle and used as a battery.

[0043] Further, the following functioning means are
provided in the CPU 32. FIG. 4 is a schematic view
showing a structure of the functioning means relating to
the starting control in the CPU 32. The CPU 32 includes
an ignition reference signal acquiring means 51 for ac-
quiring the engine ignition reference signal from the pul-
sar coil 41; a commutation position pulse signal acquir-
ing means 52 for acquiring a commutation position pulse
signal of the motor 10 from the commutation position
detecting sensor 25; an absolute angle calculating
means 53 for calculating an absolute angle of the crank
shaft 13 in the manner mentioned below on the basis of
the ignition reference signal and the commutation posi-
tion pulse signal; and a motor control instructing means
54 for controlling the motor 10 on the basis of the abso-
lute angle of the crank shaft 13 calculated in the absolute
angle calculating means 53.

[0044] Further, the CPU 32 also includes a battery
voltage detecting means 55 for detecting a voltage of a
vehicle mounted battery, and an engine temperature de-
tecting means 56 for detecting a temperature of the en-
gine on the basis of a coolant temperature or the like.
[0045] FIG. 5 is a view showing a starting principle in
the case of applying the starting system of the present
invention to a 4-stroke cycle engine, in which item (a)
shows a starting load in each of strokes, item (b) shows
a starting energy, item (c) shows a piston position at the
time of a starting operation, item (d) shows a pulse sig-
nal from the commutation position detecting sensor, and
item (e) shows the ignition reference signal.

[0046] This engine has a suction stroke in which the
piston moves downward from the top dead center with
a suction valve open and with an exhaust valve closed,
and thereby an air-fuel mixture is sucked into a cylinder;
a compression stroke in which the air-fuel mixture is
compressed with both of the suction valve and the ex-
haust valve closed; a work stroke, that is, an explosion
stroke in which the air-fuel mixture is ignited a little be-
fore the top dead center where the compression stroke
is finished, and the piston is pressed down by a high
pressure gas generated due to a combustion with the
suction valve and the exhaust valve closed; and an ex-
haust stroke in which an expanded gas is discharged to
the outside with the suction valve closed and with the
exhaust valve open, and one period thereof is constitut-
ed by two turns of the crank shaft 13, that is, by four
strokes.

[0047] At the time of rotating and starting the motor
10 with the engine stopped, values of a load at the time
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of starting differ as to which stroke the engine to be start-
ed takes, as shown in item (a) of FIG. 5. That is, in the
exhaust stroke and the suction stroke, since the piston
moves upward and downward with any one of the suc-
tion valve and the exhaust valve open, the load for ro-
tating the crank shaft 13 becomes comparatively small.
On the contrary, in order to start the engine in the com-
pression stroke, since the piston is ascended with the
suction valve and the exhaust valve closed, the load of
rotation of the crank shaft 13 is increased and a value
thereof becomes maximum a little before the top dead
center.

[0048] As mentioned above, ordinarily at the time of
stopping the engine, the piston frequently stops at a po-
sition close to the bottom dead center in the compres-
sion stroke. In the conventional starting system, since
the engine is started from this position, the energy as
shown by a broken line in FIG. 5 requires being supplied
to the crank shaft 13 by the starter motor in order to get
over the load in the compression stroke at the time of
starting.

[0049] In accordance with the starting system of the
present invention, at the time of starting the engine, for
example, from a state of stopping at a stop position Pa
among a normal stop range P shown in item (c) of FIG.
5, atfirst the engine is temporarily reverse-rotated so as
to pass through the positions of the suction stroke, and
the exhaust stroke and the crank shaft 13 is reverse-
rotated up to the explosion stroke. In this reverse proc-
ess, the piston moves in directions opposite to the di-
rections shown by arrows in the item "PISTON POSI-
TION AT ENGINE OPERATION" of FIG. 5. That is, the
piston moves toward the top dead center at the position
of the suction stroke, and moves toward the bottom
dead center at the position of the exhaust stroke, and
moves toward the top dead center at the position of the
explosion stroke.

[0050] Accordingly, in the explosion stroke, the gas
staying within the combustion chamber is compressed
due to the reverse rotation with the suction valve and
the exhaust valve closed, and a normal rotation energy
generated by a reaction against the compression is ac-
cumulated within the combustion chamber. A dash-dou-
ble-dot line in item (b) of FIG. 5 shows an accumulated
gas compression energy. In this case, at the time of be-
ginning the starting, it is possible to execute the reverse
operation in the same manner as mentioned above not
only in the case where the piston is within the normal
stop range P but also in the case where the piston is
stopped at the positions of the suction stroke and the
exhaust stroke and the engine is started from the posi-
tions.

[0051] After the crank shaft 13 reverse-rotates, for ex-
ample, up to a reverse rotating position, that is, up to a
normal rotating position Qa among a normal rotation
starting range Q of the explosion stroke, the crank shaft
13 is normally rotated by the motor 10. At this time, the
normal rotational energy stored due to a compression
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of the gas within the combustion chamber is discharged
to a rotating system of the crank shaft 13 including a
flywheel or the like, and the energy discharged due to
the reaction against the compression and the rotational
energy applied by the motor 10 are added to the rotating
system.

[0052] Initem (b) of FIG. 5, change in a motor energy
applied to the crank shaft 13 by the normally rotating
motor 10 is shown by a solid line, and change in an in-
ertia energy accumulated in the rotating system is
shown by a dash-single-dot line. The inertia energy is
rapidly increased due to the compression reaction
caused by discharging the energy of the gas accumu-
lated owing to the compression in the rotating system in
an early stage of the normal rotation, and the inertia en-
ergy in the rotating system is gradually increased from
the explosion stroke toward the compression stroke due
to the rotational force of the motor 10. Accordingly, in
the compression stroke, a combined energy obtained
by the inertia energy thus accumulated in the rotating
system and the energy of the motor 10 is applied to the
crank shaft 13 as shown by a thick solid line. That is, the
crank shaft 13 is driven by the inertia energy discharged
in accordance with the reduction in the rotation number
and consumed for the compression stroke and by the
rotational torque of the motor 10, and a maximum get-
over torque T can get over the load in the first compres-
sion stroke by a total of a maximum value Ti of the dis-
charge energy of the inertia torque and a maximum val-
ue Tm of the motor torque.

[0053] FIGS. 6 and 7 are flow charts showing steps
of the engine starting control in accordance with the
present invention as mentioned above. In this case, at
first, the CPU 32 starts a routine by turning on the igni-
tion switch 39 in step S1, and then the step goes to step
S2 and it is judged whether or not the starter switch 34
is turned on. Further, if the starter switch 34 is turned
on, the step goes to step S3 and the engine is tempo-
rarily reverse-rotated. That is, the engine is reverse-ro-
tated from the stop position Pa shown in FIG. 5 toward
the side of the explosion stroke.

[0054] Next, in step S4, itis judged whether or not the
ignition reference signal is output while the engine is re-
verse-rotated. In this case, the ignition reference signal
is output once whenever the crank shaft 13 executes
one turn as mentioned above. Accordingly, when the en-
gine is reverse-rotated from the stop position Pa shown
in FIG. 5, the ignition reference signal is also output at
a point entering into the exhaust stroke from the suction
stroke, as shown in item (e) of FIG. 5. Further, when the
ignition reference signal is obtained in the step S4, the
step goes to step S5, and an absolute position of the
piston, that is, an absolute angle of the crank shaft is
recognized and corrected.

[0055] In this case, in the motor 10, for the purpose
of controlling the rotation thereof, the commutation po-
sition pulse signal is acquired as shown in FIG. 5. FIG.
8 is a schematic view showing the relation between the
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commutation position pulse signal and the ignition ref-
erence signal. As shownin FIG. 8, in the motor 10, three-
phase commutation sensor signals U, V and W are out-
put from three commutation position detecting sensors
25 equally spaced. Further, the commutation position
pulse signal having a predetermined period is formed
by catching each of the signals at the time of the starting.
In this case, since the ignition reference signal is output
by the fact that the reluctor 40 passes through a front
portion of the pulsar coil 41, a crank angle capable of
obtaining such ignition reference signal is always con-
stant (before the top dead center). Further, the commu-
tation position pulse signal can be also obtained at an
interval of a predetermined crank angle. Accordingly, af-
ter the ignition reference signal is obtained, if how many
times the commutation position pulse signal is input is
counted, then the rotation angle from a certain prede-
termined crank angle can be known, and so itis possible
to accurately comprehend the current crank angle.
[0056] After the absolute angle of the crank shaft is
thus comprehended, the step goes to step S6, and it is
judged whether or not the piston comes to a middle po-
sition of the explosion stroke while monitoring the crank
angle. Further, when it is recognized that the piston
comes to the middle position of the explosion stroke, the
step goes to step S7 and the current carried by the re-
verse rotation is stopped.

[0057] Meanwhile, in the case where the piston does
not reach the middle position of the explosion stroke,
the step goes to step S8, and it is judged whether or not
the piston reaches a reverse compression state. That
is, before the middle position of the explosion stroke and
during the reverse rotation of the crank shaft, it is judged
whether or not the piston is in a state capable of being
affected by the compression load. In this case, the judg-
ment of the reverse compression state in step S8 is ex-
ecuted by catching a change amount of crank angle.
That is, at first, the period of the commutation position
pulse signal is detected, and a value obtained at this
time is compared to the value obtained at the preceding
time. Further, in the case that a difference therebetween
becomes equal to or more than a predetermined value,
itis judged that the piston is affected by the compression
force and thereby the change amount of crank angle is
reduced, and itis determined that the piston reaches the
reverse compression state. Note that values of the
speed calculated from the period may be compared to
one another, and further the values of change in accel-
eration calculated therefrom may be compared to a pre-
determined value. In this case, there is an advantage
that how to judge change in the pseudo acceleration by
the period as mentioned above has been small in load
applied to the CPU 32.

[0058] In the case where the reverse compression
state is detected in step S8, the step goes to step S7
and the reverse current carried is stopped. On the other
hand, in the case where the reverse compression state
is not detected, the step goes to step S9, and it is judged
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whether or not a preset maximum reverse time has
passed. Further, in the case where the maximum re-
verse time has passed, the step goes to step S7 and the
reverse current carried is stopped. Meanwhile, in the
case where the maximum reverse time has not passed
yet, the step goes back to step S6 and the above-men-
tioned steps are repeated.

[0059] Thus, when the reverse current carried is
stopped in step S7, the crank shaft 13 rotates through
inertia and is thereafter changed to the normal rotation
drive. In the control according to the present invention,
this change is judged on the basis of three conditions of
the absolute angle, the operation and the time, that is,
(1) whether or not the crank shaft is reverse-rotated up
to the reverse rotation allowing position (before the com-
pression top dead center), (2) whether or not the crank
shaft has already started a normal rotation and (3)
whether or not a predetermined time has passed after
the current carried is stopped.

[0060] Accordingly, since the absolute angle of the
crank shaft has already recognized in step S5, at first,
in step S10, it is judged whether or not the crank angle
reaches a maximum position allowing the reverse rota-
tion (a reverse rotation allowing position). Further, when
the crank angle reaches the reverse rotation allowing
position (Qa shown in item (c) of FIG. 5), the step goes
to step S11 and the crank shaft 13 is normal-rotated,
and a regular starting operation is begun.

[0061] Note that the reverse rotation allowing position
mentioned above can be suitably adjusted on the basis
of an engine temperature (a water temperature, an air
temperature, a unit temperature, a motor temperature
or the like) and a battery voltage state. That is, on the
basis of the engine temperature and the battery voltage,
the reverse rotation allowing position is set so as to gen-
erate an optimum get-over torque, and thereby the start-
ing can be achieved for the shortest time in accordance
with the then state. For example, similarly to restarting
immediately after the engine stops, when the engine is
easily started, that is, when the battery voltage is high
or when the engine temperature is high, the engine is
returned to the exhaust stroke and is normal-rotated
therefrom. Also, when the battery voltage is a little low
or when the engine is not warmed up, the engine is re-
turned to the explosion stroke and is normally rotated.
Further, when the voltage thereof is low or when the en-
gine has a low temperature, the engine is normal-rotat-
ed by using the compression reaction force caused in
the explosion stroke. Further, when the voltage is further
lower and the engine has a further lower temperature,
the engine is temporarily normal-rotated and is reverse-
rotated by using the reaction force caused in the com-
pression stroke and is started by adding the reaction
force caused in the explosion stroke. In addition, under
the condition that it is expected that the starting can not
be executed even by performing these operations, the
starting operation itself is not executed and this is in-
formed to a driver by an alarm lamp or the like.
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[0062] On the contrary, in step S10, when it is recog-
nized that the crank angle does not reach the reverse
rotation allowing position, the step goes to step S12 and
itis judged whether or not the crank shaft 13 has already
become the normal rotating state. That is, it is judged
whether or not the crank shaft returned by the compres-
sion force before reaching the reverse rotation allowing
position starts normal rotation. Further, if the crank shaft
starts normal rotation, the step goes to step S11 and the
normal rotating operation is immediately started.
[0063] Further, in the case that the normal rotation is
not detected in step S12, the step goes to step S13 and
it is judged whether or not a predetermined current car-
rying stop time (for example, 100 ms) has passed. That
is, a predetermined maximum value is set in an inertia
rotating time after the reverse rotation, and, in the case
where the time has passed, the step goes to step S11
to start normal rotation even before the crank shaft
reaches the normal rotation allowing position. Note that,
before the current-carrying stop time has passed, the
step goes back to step S10, and the above-mentioned
are repeated.

[0064] Thus, in accordance with the starting control of
the present invention, since the crank angle can be ac-
curately determined by using the ignition reference sig-
nal and the commutation position pulse signal, it is pos-
sible to securely execute the control from the reverse
rotation to the normal rotation on the basis of the abso-
lute angle of the crank shaft without independently pro-
viding with the sensor for particularly detecting the crank
angle. Further, since the respective maximum values
are set in the reverse current-carrying time and the cur-
rent-carrying stop time, itis possible to prevent a starting
time lug equal to or more than a predetermined time
from being generated due to the reverse rotation at the
time of starting.

[0065] On the contrary, in the case that the piston
stops near the bottom dead center of the exhaust stroke,
for example, near a position of Pb shown in item (c) of
FIG. 5, not near the bottom dead center of the compres-
sion stroke, at the time when the engine stops, it is im-
possible to obtain the ignition reference signal. That is,
in the case where the ignition reference signal is not ob-
tained in step S4, it is impossible to execute the control
on the basis of the absolute angle as mentioned above.
Such case does not happen frequently as described
above, butis not said to happen never so that the above-
mentioned control system determines the normal rota-
tion timing on the basis of the judgment of the change
in the pseudo acceleration mentioned above at this time.
[0066] Accordingly, if the ignition reference signal is
not obtained in step S4, the step goes to step S14 shown
in FIG. 7 and it is judged whether or not the position is
in the reverse compression state similarly to step S8.
And, if the reverse compression state is detected, the
step goes to step S15 and the reverse current carried is
stopped. Meanwhile, if the piston is not in the reverse
compression state, the step goes to step S16 and it is
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judged whether or not the preset maximum reverse ro-
tating time has passed. And, if the maximum reverse
rotating time has passed, the step goes to step S15 and
the reverse current carried is stopped. On the other
hand, if the maximum reveres rotating time has not
passed, the step goes back to step S4 and the above-
mentioned steps are repeated.

[0067] When the reverse current carried is stopped in
step S15, the crank shaft 13 rotates through inertia.
Then, the step goes to step S17 and it is judged whether
or not the crank shaft 13 has already become the normal
rotating state. That is, it is judged whether or not the
crank shaft 13 starts normal rotation because the piston
is returned by the compression force. If the crank shaft
13 starts normal rotation, the step goes to step S18 and
the normal rotating operation is immediately started.
[0068] Further, if the normal rotation is not detected
in step S17, the step goes to step S19 and it is judged
whether or not the predetermined current-carrying stop
time has passed. Then, in the case where the current-
carrying stop time has passed, the step goes to step S18
even before the normal rotation is detected and the nor-
mal rotation is started. Note that, before the current-car-
rying stop time has passed, the step goes back to step
S17 and the above-mentioned steps are repeated.
[0069] Then, the motor 10 starts normally rotating in
accordance with the operation mentioned above. In this
case, since the crank shaft 13 rotates with a low load in
the exhaust stroke and the suction stroke, the motor 10
reaches substantially the maximum rotation number
close to the rotation number obtained at the time of ro-
tating without load before the piston starts the compres-
sion stroke. Accordingly, the crank shaft 13 is also ro-
tated at a possible maximum rotation number by the mo-
tor 10 immediately before reaching the compression
stroke, and the inertial energy stored in an inertial mass
in the rotational system is also in a maximum state and
the compression stroke is started.

[0070] Thus, the crank shaft 13 is rotated by the com-
bined energy corresponding to the sum of the inertial
energy (a dash-single-dot line) and the motor energy (a
solid line) as shown in item (b) of FIG. 4) in the com-
pression stroke. Further, as shown in item (b) of FIG. 4,
the motor 10 applies the driving energy thereof to the
crank shaft 13 twice at the time of running start and at
the time of getting over. Accordingly, in comparison with
the conventional motor which gets over a load of the
compression stroke by applying the energy thereto
once, it is possible to efficiently make good use of the
motor energy.

[0071] As described above, since the inertial energy
is accumulated after the motor gets over the first com-
pression stroke, the motor can easily get over the load
caused in the later compression stroke. Accordingly, the
engine is started by sparking with using the ignition coil
35 at a predetermined timing.

[0072] As mentioned above, in accordance with the
present invention, the motor 10 temporarily returns the
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piston to the side of the explosion stroke prior to the
starting of the engine and thereafter starts the engine.
Accordingly, it is possible to increase the inertial energy
held by the crank shaft 13 until the get-over of the first
compression stroke. That is, since a running section of
the crank shaft 13 is set and energy accumulated be-
tween the running section is employed, it is possible to
get over the first compression stroke by small motor
torque in comparison with the conventional motor. By
doing so, it is possible to achieve miniaturization and
lower costs of the motor, and to also reduce power con-
sumption of the motor.

[0073] Further, at the time of returning the piston to
the side of the explosion stroke, the absolute position of
the piston (the absolute angle of the crank shaft) is com-
prehended by using the ignition reference signal and the
commutation position pulse signal and the reverse ro-
tation stop of the motor 10 and the timing of the normal
rotation are controlled on the basis of this. Accordingly,
it is possible to accurately execute the control from the
reverse rotation to the normal rotation by using the ex-
isting sensors without using other sensors such as a
cam angle sensor, a crank angle sensor and the like.
Further, it is possible to accurately control the timing
from the reverse rotation of the crank shaft to the normal
rotation on the basis of the absolute angle, and to exe-
cute a more efficient inertial starting control.

[0074] Note that although the ignition for getting over
the compression stroke has been started on the basis
of the starting operation mentioned above, in the case
where engine stall is thereafter generated, the control
of the reverse rotation and the normal rotation of the mo-
tor 10 at the time of next starting is executed on the basis
of the acquired absolute angle. By doing so, itis possible
to execute the good efficient starting by avoiding waste
motion of the motor 10.

[0075] Further, in the case of restarting the engine
stopped in a state of a so-called STOP and GO opera-
tion, that is, an operation for stopping idling the engine
at the time of waiting at stoplights or the like and starting
the engine at the time of starting, the absolute angle is
recognized at least at the time when the rotation number
of the engine becomes equal to or less than the prede-
termined rotation number, and the reverse rotation and
the normal rotation is executed on the basis of the ab-
solute angle at the engine stop in the case of restarting
the engine, and thereby the good efficient starting may
be executed.

[0076] In addition, itis also possible to acquire the ab-
solute angle on the basis of the commutation pulse of
the starter, the rotation pulse including directly the rota-
tion signal of the crank shaft and the ignition reference
signal, and to control the engine.

(Second Embodiment)

[0077] Next, as a second embodiment, description
will be made of a control aspect in which a preliminary
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normal rotation is executed prior to the reverse rotation
at the time of starting in the first embodiment, and there-
by the ignition reference signal is securely acquired.
[0078] And now, in the control aspect in accordance
with the first embodiment, when the piston stops at the
position of Pb shown in FIG. 5 as mentioned above,
since the ignition reference signal is not obtained, the
change timing from the reverse rotation to the normal
rotation is set in accordance with judgment of the
change in the pseudo acceleration as shown in FIG. 7.
However, even in the case where the piston stops at the
position of Pb, if the piston once passed through the out-
put position of the ignition reference signal, then the ig-
nition reference signal can be obtained and thereby the
crank shaft can be controlled on the basis of the abso-
lute angle thereof. Therefore, in this embodiment, a pre-
liminary normal rotation is executed by a driving force
of such a level as not to get over the compression stroke
before the revere-rotating operation executed in the first
embodiment, and the piston is temporarily normal-rotat-
ed in a direction of the suction stroke or the compression
stroke and thereafter is reverse-rotated, and thereby the
ignition reference signal is always output at whatever
position the piston stops.

[0079] FIG. 9 is a view showing a starting principle
according to an second embodiment, in which item (a)
shows a starting load in each of strokes, item (b) shows
a starting energy, item (c) shows a piston position at the
time of a starting operation, item (d) shows a pulse sig-
nal from a commutation position detecting sensor, and
item (e) shows an ignition reference signal. Also, FIG.
10 is a flow chart showing a control step thereof.
[0080] As shown in FIG. 10, in this embodiment, at
first, in step S20, the ignition switch 39 is turned on and
thereby the CPU 32 starts a routine. The step goes to
step S21 and it is judged whether or not the starter
switch 34 is turned on. Further, when the starter switch
34 is turned on, the step goes to step S22 and a prelim-
inary normal-rotating process for temporarily normal-ro-
tating the engine is executed. FIG. 11 is a flow chart
showing steps of a subroutine of the preliminary normal-
rotating process.

[0081] In this normal-rotating process, the engine is
preliminarily normal-rotated from the stop position of Pa
or Pb shown in FIG. 5 toward the side of the compres-
sion stroke, and timing for changing to the reverse rota-
tion is determined on the basis of the judgment of the
change in the pseudo acceleration mentioned above.
That s, at first, in step S41, the motor 10 is preliminarily
normal-rotated. The normal-rotating process in this
case requires a driving force sufficient to move the pis-
ton from the neighborhood of the bottom dead center of
the exhaust stroke to the neighborhood of the bottom
dead center of the compression stroke, and the motor
10 rotates with a lower output than the motor at the time
of the regular normal-rotation starting.

[0082] Next, the step goestostep S42, anditisjudged
whether or not the piston reaches the normal rotation
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compression state. That is, it is judged whether or not
the piston entering the compression stroke due to the
preliminary normal rotation of the crank shaft reaches
such a state as to be affected by the compression load.
Note that the judgment of the normal rotation compres-
sion state in step S42 is executed by the judgment of
the change in the pseudo acceleration mentioned
above.

[0083] In the case where the normal rotation com-
pression state is detected in step S42, the step goes to
step S43 and the normal current carried is stopped. On
the contrary, in the case where the normal compression
state is not detected, the step goes to step S44 and it is
judged whether or not the preset maximum preliminary
normal rotation time has passed. Further, in the case
where the maximum preliminary normal rotation time
has passed, the step goes to step S43 and the normal
current carried is stopped. Meanwhile, in the case where
the maximum preliminary normal rotation time has not
passed, the step goes back to step S42 and the above-
mentioned steps are repeated.

[0084] When the reverse current carried is stopped in
step S43, the step finishes the routine shown in FIG. 11
and goes to step S23 shown in FIG. 10 and the reverse-
rotating operation is executed. Accordingly, the crank
shaft 13 is reverse-rotated, and the ignition reference
signal is acquired in step S24. In this case, at the time
when the reverse-rotating operation is started in step
S23, the piston exists in the compression stroke or near
the bottom dead center of the suction stroke. When be-
ing driven to the side of the explosion stroke therefrom,
the piston always passes through a position for gener-
ating the ignition reference signal near the top dead
center of the exhaust stroke. That is, even if stopping at
a position such as the position of Pb, the piston is tem-
porarily moved to the side of the compression stroke and
so passes always through the position for generating the
ignition reference signal. Accordingly, the ignition refer-
ence signal can be securely acquired in step S24, and
thereafter the crank angle can be securely comprehend-
ed on the basis of the ignition reference signal and the
commutation position pulse signal.

[0085] Further, the step goes to step S25 after the ig-
nition reference signal is acquired, and recognition and
correction of the absolute position of the piston, that is,
of the absolute angle of the crank shaft are executed.
Thereafter, the control from the reverse rotation to the
normal rotation is executed in steps S26 to S33 on the
basis of the absolute angle. Note that since the control
of steps S26 to S33 is the same as that of steps S6 to
S13 described in the first embodiment, the details there-
of will be omitted.

[0086] As mentioned above, in this embodiment,
since the preliminary normal-rotating operation is tem-
porarily executed before the reverse rotating operation,
the piston always passes through the position for gen-
erating the ignition reference signal during the reverse-
rotating operation so that the ignition reference signal is
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securely acquired and the control capable of accurately
recognizing the absolute angle of the crank shaft can be
executed.

[0087] Note that, in the case where the piston stops
at the position close to the explosion stroke rather than
the piston for generating the ignition reference signal
similarly to the position of Pb, the ignition reference sig-
nal can be acquired twice, but the control of the absolute
angle may be executed by using any one thereof. Fur-
ther, at this time, in the case where the reference signal
is obtained, the current carried for the preliminary nor-
mal rotation can be stopped immediately then and can
change to the reverse rotation.

(Third Embodiment)

[0088] Further, as a third embodiment, description will
be made of the case where the present invention is ap-
plied to a 2-stroke engine. The motor 10 according to
this embodiment is constructed such that since the ig-
nition reference signal is output once whenever the
crank shaft 13 rotates once in the case of the 2-stroke
engine once igniting at one turn, no reference signal ex-
ists in the running section for the inertial starting so that
the control mentioned above can not be executed.
[0089] Thereupon, in the 2-stroke engine, the control
aspect in accordance with the present invention can be
realized by adding a second reluctor so as to generate
a signal during a running period for the inertia starting,
in addition to the above-mentioned ignition reference
signal, and by acquiring a reference signal (a second
reference signal) for recognizing the crank angle. In this
case, if the additional reluctor is placed at such a posi-
tion that the reference signal is output during a period
from a scavenging stroke to the bottom dead center, the
scavenging stroke in which an intake air-fuel mixture
does not exist in a cylinder to the bottom dead center,
then no influence is given to the combustion operation
of the engine even when the ignition is executed on the
basis of this signal.

[0090] Note that the reluctor may be placed at posi-
tions other than the position mentioned above. Howev-
er, if so, itis necessary to execute a process of inhibiting
the ignition relative to the reference signal that is output.
Further, in the case where a plurality of reluctors are ar-
ranged in order to more precisely execute the ignition
control, the control may be executed on the basis of the
signals being output from these reluctors.

[0091] Meanwhile, in place of the addition of the re-
luctor, a pulsar coil may be added. That is, by locating
a second pulsar coil at a position of a non-compression
stroke (about BTDC 90 degrees to 270 degrees) in ad-
dition to the pulsar coil 41 shown in FIG. 1, two reference
signals may be output per one turn of the crank shaft.
[0092] The two pulsar coils described above may
have the same structure, and, in this case, in the same
manner as the regular pulsar coil 41, the igniting oper-
ation can be also executed in accordance with the signal
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of the added pulsar coil. The ignition near the bottom
dead center of the explosion stroke is not harmful to the
engine combustion operation, but an igniting energy will
be wasted. Further, the side of the bottom dead center
may be judged on the basis of the result of recognizing
the absolute position. Then, by reversing a polar char-
acter (an order of change in voltage) of the added pulsar
coil relative to the regular pulsar coil 41 and by making
two signals each have a different form, the CPU 32 may
be made to judge the two different signals. Accordingly,
it is possible to prevent the ignition from being executed
at positions other than the regular ignition position, and
to prevent the ignition harmful to the combustion oper-
ation from being executed and to further save an energy
waste.

(Fourth Embodiment)

[0093] Next, as fourthembodiment, description will be
made of a starter motor used in an engine (internal com-
bustion engine) to which a crank angle detecting appa-
ratus is applied. Note that the same reference numerals
as the first embodiment are denoted in this embodiment
relative to the same members and portions as the first
embodiment and so the description thereof will be omit-
ted.

[0094] Since the starter motor in accordance with the
fourth embodiment has substantially the same structure
as the starter motor shown in FIGS. 1 to 3, the descrip-
tion of FIGS. 1 to 3 will be omitted.

[0095] Further, in the CPU 32, the following function-
ing means is provided. FIG. 13 is a schematic view
showing a structure of the functioning means with re-
spect to a crank angle detecting process in the CPU 32.
In the CPU 32, an absolute angle of the crank shaft is
calculated on the basis of the ignition reference signal
and the angle pulse. Further, the CPU is constituted by
an ignition reference signal acquiring means 51 for ac-
quiring the ignition reference signal of the engine from
the pulsar coil 41; an angle pulse forming means 152
that acquires a commutation position detecting sensor
signal (a commutation position signal) for controlling the
motor 10 from the commutation position detecting sen-
sor 25 and that forms an angle pulse mentioned below;
a crank angle calculating means 153 for calculating the
absolute angle of the crank shaft 13 on the basis of the
ignition reference signal and the angle pulse; and a mo-
tor control instructing means 154 for controlling the mo-
tor 10 on the basis of the absolute angle of the crank
shaft 13 calculated by the crank angle calculating
means 153.

[0096] Meanwhile, in the above-mentioned motor 10,
for the purpose of controlling a rotation thereof, the com-
mutation position detecting sensor signal is acquired as
shown in FIG. 14. FIG. 14 is a schematic view showing
the relation between the commutation position detecting
sensor signal, the angle pulse formed from the commu-
tation position detecting sensor signal, and the ignition
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reference signal.

[0097] As shown in FIG. 14, in the motor 10, three-
phase commutation position detecting sensor signals U,
V and W are output from three commutation position de-
tecting sensors 25 spaced equally. Further, the angle
pulse having a predetermined period is formed by seiz-
ing each of the signals at the time of change therein. In
FIG. 14, there is shown a state that the angle pulse hav-
ing an interval of 20 degrees is being formed on the ba-
sis of ascending edges of the three-phase commutation
position detecting sensor signals U, V and W.

[0098] In this case, since the reluctor 40 passes in
front of the pulsar coil 41 and thereby the ignition refer-
ence signal is output, the crank angle at which the igni-
tion reference signal is obtained is always fixed (before
the top dead center). That s, the crank angle 6, at which
the ignition reference signal is output is always fixed.
Further, the angle pulse is also formed at an interval (20
degrees in FIG. 14) of the fixed crank angle fixed. Ac-
cordingly, after the ignition reference signal is obtained
at the crank angle 6, if how many times the angle pulse
is input is counted, the angle of rotation from the crank
angle 6, can be known and it is possible to comprehend
the current crank angle.

[0099] Accordingly, it is possible to comprehend the
crank angle by using one reluctor without adding the
number of the reluctor 40, and to execute, by one reluc-
tor, the same control as that in the case where a plurality
of reluctors are provided, and to reduce steps required
for adding the number of the reluctor and reduce the
costs. Further, it is possible to accurately comprehend
the crank angle by the existing sensors without using
other sensors such as the cam angle sensor, the crank
angle sensor or the like, and to suppress increase in the
costs.

[0100] Further, on the basis of the absolute angle of
the crank angle thus detected, the CPU 32 executes var-
ious kinds of engine controls such as an engine starting
control, a fuel injection timing control, a fuel injection
amount control and the like in addition to the ignition tim-
ing control of the engine, in accordance with various
kinds of control programs stored in the ROM 37.
[0101] Buthe way, accuracy required for detecting the
crank angle can be suitably changed by changing the
period of the angle pulse as is known also from FIG. 14.
FIGS. 15 and 16 are schematic views showing the rela-
tion between the angle pulse and the ignition reference
signal in the case where the intervals of the angle pulse
are set at 60 degrees and about 10 degrees, respective-
ly.

[0102] In FIG. 15, only one phase (U phase) among
the commutation position detecting sensor signals is
used, and the angle pulse is formed from the ascending
portion thereof, and the interval thereof becomes longer
than that of FIG. 14. Accordingly, in FIG. 15, the accu-
racy itself required for detecting the crank angle be-
comes lower than the accuracy in FIG. 14, but the load
applied to the CPU 32 is reduced much more for this.
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Therefore, the control and the like of a generalized en-
gine that does not require so much strict control is ef-
fectively executed.

[0103] On the contrary, in FIG. 16, the angle pulse is
formed by using both of the ascending portion and the
descending portion of each of the three-phase signals
from the commutation position detecting sensor 25, and
the interval thereof becomes shorter than that of FIG.
14. Accordingly, it is possible to enhance the accuracy
required for detecting the crank angle in comparison
with the accuracy shown in FIG. 14, and so it is prefer-
able to employ the engine in which the strict control with
higher performance is required.

[0104] Note that FIG. 16 shows the case of using a
one-polar character detecting type hole IC as the com-
mutation position detecting sensor 25, wherein a duty
ratio of Hi becomes greater than 50 % in the one-polar
character detecting type hole IC. Accordingly, when the
angle pulse is formed by using both of the ascending
edge and the descending edge, a pulse having a narrow
interval and a pulse having a wide interval are alternate-
ly generated. In this case, by requiring a periodic meas-
urement of the angle pulse as an average obtained by
moving an even period (for example, 2 periods), itis pos-
sible to detect the crank angle in accordance with the
period having an equal interval. However, if a both-polar
character detecting type hole IC is used as the commu-
tation position detecting sensor 25, it is possible to re-
duce deviation from the duty ratio as mentioned above.
[0105] Further, it is also possible to suitably process
the commutation position detecting sensor signal in the
angle pulse forming means 52 of the CPU 32 and there-
by achieve the optimization of the angle pulse. Iltem (a)
of FIG. 17 shows an example of dividing and processing
the angle pulse physically obtained at change points of
the commutation position detecting sensor signal in or-
der to improve the accuracy of the control, and of form-
ing the angle pulse in a place where no physical signal
exists.

[0106] Initem (a) of FIG. 17, the angle pulse formed
at an interval of 10 degrees is divided by using both of
the ascending edge and the descending edge, and then
the angle pulse at an interval of 5 degrees is formed. By
doing so, the angle pulse can be formed at a position
not existing in the original angle pulse having the interval
of 10 degrees, and so the accuracy for the detection can
be further enhanced by the correspondence of a circuit
or a software without changing the number of the com-
mutation position detecting sensor 25.

[0107] Meanwhile, it is possible to execute the divid-
ing process at intervals of 1 pulse as described above,
and to also form the angle pulse at an interval of 15 de-
grees as shown in item (b) of FIG. 17, so that, even in
this case, it is possible to form the angle pulse at a po-
sition not existing in the angle pulse at the original angle
pulse having the interval of 10 degrees.

[0108] In addition, in the case where the interval (pe-
riod) of the angle pulse becomes short in the high rota-
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tion range of the engine and where the CPU 32 is be-
yond an arithmetic processing capacity, as shown in
item (c) of FIG. 17, it is also possible to adjust the phys-
ically formed angle pulse to a more suitable pulse inter-
val in accordance with the circuit or the software. Note
that, in the case of being equal to or more than a prede-
termined rotation, it is possible to employ the corre-
spondence of the change to a control using only one
phase among the commutation position detecting sen-
sor signals, or the like.

[0109] The presentinvention is not limited to the em-
bodiments mentioned above, and, needless to say, can
be variously modified and changed without departing
from the gist thereof.

[0110] For example, in the first to third embodiments
mentioned above, the description has been made of the
engine for the two-wheeled vehicle, but the present in-
vention can be applied to the engine for a four-wheeled
vehicle. Further, the present invention can be applied
not only to an engine having a single cylinder but also
to an engine having a plurality of cylinders. In addition,
in the embodiments mentioned above, the description
has been made of an example of the motor directly con-
nected to the crank shaft of the engine, but the present
invention can be applied not only to the directly connect-
ed motor but also to a starter motor of a type of driving
the crank shaft via a gear. Further, a kind of the motor
is not limited to the outer rotor type as mentioned above,
and so the present invention can be also applied to a
motor of an inner rotor type.

[0111] Further, the present invention can be applied
to a field control motor in which a control magnetic pole
constituted by a magnetic body is arranged as a field
pole of the motor; a so-called hybrid type motor in which
a permanent magnet and the above-mentioned control
magnetic pole are alternately arranged; and the like.
[0112] In addition, in the embodiments mentioned
above, the operation of "the reverse rotation — the nor-
mal rotation" of the motor or the operation of "the normal
rotation — the reverse rotation — the normal rotation"
is executed after the starter switch 34 is turned on, but
it is possible to be suitably selected as to which timing
among the time of stopping the engine, the time of turn-
ing on the ignition switch, and the time of turning on the
starter switch these operations are executed at. FIG. 12
is a table showing patterns of the control, in which a sym-
bol X corresponds to a display indicating that the oper-
ation is not executed.

[0113] Further, for example, in the fourth embodiment
mentioned above, the description has been made of the
structure in which the reluctor is formed in the rotor of
the motor, but a position for forming the reluctor is not
limited to this and the reluctor may be provided in a rotor
independently provided in the crank shaft, a flywheel or
the like. Further, in the embodiments mentioned above,
the description has been made of the engine for the two-
wheeled vehicle, but the present invention can be ap-
plied to the engine for the four-wheeled vehicle. Further-
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more, the present invention can be also applied not only
to the engine having the single cylinder but also to the
engine having a plurality of cylinders. In addition, the
description has been made of the case that the present
invention is applied to the 4-cycle engine, but the
present invention can be applied not only to the 4-cycle
engine but also to the 2-cycle engine.

[0114] In the starting control system of the internal
combustion engine in accordance with the present in-
vention, since the absolute angle of the crank shaft is
acquired on the basis of the ignition reference signal and
the commutation position pulse signal and the starter
motor is controlled on the basis of this absolute angle,
the starter motor can be controlled by using the existing
signals such as the ignition reference signal and the
commutation position pulse signal. Accordingly, the ac-
curate starting control can be executed on the basis of
the absolute angle of the crank shaft without independ-
ently adding the crank angle sensor or the like, and so
the good efficient engine starting can be realized.
[0115] Further, by temporarily reverse-rotating the
crank shaft on the basis of the absolute angle and there-
after normal-rotating the crank shaft to start the internal
combustion engine, it is possible to accurately control
the timing from the reverse rotation to the normal rota-
tion of the crank shaft. Accordingly, it is possible to ex-
ecute the engine starting control without waste, and it is
possible to more effectively execute the inertial starting
control.

[0116] Furthermore, the crank shaft may be prelimi-
narily normal-rotated prior to the reverse rotation. By do-
ing so, it is possible to always pass through the position
for generating the ignition reference signal at the time
of reverse-rotating the crank shaft, and to securely ac-
quire the ignition reference signal.

[0117] In addition, an amount of reverse rotation of
the crank shaft may be adjusted on the basis of at least
any one of the battery voltage and the engine tempera-
ture. By doing so, it is possible to execute a suitable
starting control on the basis of the battery state and the
engine state, and to reduce time required for the start-
ing.

[0118] Meanwhile, the starting control system of the
present invention is provided the ignition reference sig-
nal acquiring means; the commutation position pulse
signal acquiring means; the absolute angle calculating
means for calculating the absolute angle of the crank
shaft on the basis of the ignition reference signal and
the commutation position pulse signal; and the motor
control instructing means for controlling the starter mo-
tor on the basis of the calculated absolute angle, and so
acquires the absolute angle of the crank shaft by using
the existing signal such as the ignition reference signal
and the commutation position pulse signal and can con-
trol the starter motor on the basis of this. Accordingly, it
is possible to execute an accurate starting control on the
basis of the absolute angle of the crank shaft without
independently adding the crank angle sensor or the like
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and thereby realize the good efficient engine starting.
[0119] Further, by further providing a battery voltage
detecting means and an engine temperature detecting
means in the starting control system, the motor control
instructing means may control the starter motor on the
basis of the absolute angle and at least any one of the
battery voltage and the engine temperature. By doing
so, it is possible to execute a proper starting control on
the basis of states of the battery and the engine, and to
reduce time required for the starting.

[0120] Furthermore, the crank angle detecting appa-
ratus of the present invention can detect the absolute
angle of the crank shaft by using the electric signal from
the pulsar coil and the commutation position detecting
sensor signal, and so can comprehend the absolute an-
gle of the crank shaft without adding the reluctor, the
crank angle sensor or the like. Accordingly, it is possible
to execute the engine control on the basis of the crank
angle without increasing the number of steps required
for processing and the number of parts, and to corre-
spond to the control of the high performance engine
without causing the costs to rising.

[0121] In addition, since the absolute angle of the
crank shaft is detected by using the reference pulse and
the commutation pulse of the ACG starter, it is possible
to execute the precise ignition timing control, the EFI
control and the starting control without adding a reluctor
(other than the reluctor for the ignition reference) and a
crank angle sensor.

INDUSTRIAL APPLICABILITY

[0122] As mentioned above, the present invention is
useful for the starting system of the internal combustion
engine and the starting control system, the systems
which start the internal combustion engine applied to the
two-wheeled vehicles, motor vehicles or the like. Fur-
ther, the present invention is useful for the crank angle
detecting apparatus of the internal combustion engine,
the apparatus which is applied to the two-wheeled ve-
hicles, the motor vehicles or the like.

Claims

1. Astarting system for an internal combustion engine,
the starting system comprising:

a starter motor connected to a crank shaft of
the internal combustion engine; and

a control means for acquiring an absolute angle
of the crank shaft on the basis of an ignition ref-
erence signal of said internal combustion en-
gine and a rotational pulse signal and control-
ling said starter motor on the basis of said ab-
solute angle.

2. Astarting system for an internal combustion engine,
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the starting system comprising:

a starter motor connected to a crank shaft of
the internal combustion engine; and

a control means for acquiring an absolute angle
of the crank shaft on the basis of an ignition ref-
erence signal of said internal combustion en-
gine and a commutation position pulse signal
of said starter motor and controlling said starter
motor on the basis of said absolute angle.

The starting system for an internal combustion en-
gine according to claim 1 or 2, wherein said control
means applies a reverse current carried such that
said crank shaft is temporarily reverse-rotated up to
a predetermined position, and thereafter applies a
normal current carried, and thereby starts said in-
ternal combustion engine.

The starting system for an internal combustion en-
gine according to claim 3, wherein said normal cur-
rent carried is executed by detecting that said crank
shaft has reached a predetermine crank angle po-
sition.

The starting system for an internal combustion en-
gine according to claim 3, wherein said normal cur-
rent carried is executed by detecting that said crank
shaft has started normal rotation.

The starting system for an internal combustion en-
gine according to any one of claims 1 to 5, wherein
said internal combustion engine is a 2-stroke en-
gine, and one of a reluctor and a pulsar coil for gen-
erating a second reference signal in addition to said
ignition reference signal is provided.

The starting system of an internal combustion en-
gine according to any one of claims 1 to 6, wherein
said control means recognizes, at the time of re-
starting after said internal combustion stops in a
state of a STOP and GO operation, said absolute
angle from at least the time when said internal com-
bustion engine becomes equal to or less than a pre-
determined rotation number, and said control
means applies a reverse current carried such that
said crank shaft is temporarily reverse-rotated up to
a predetermined crank position, on the basis of said
absolute angle after stopping at the time of restart-
ing said internal combustion engine, and thereafter
applies a normal current carried, and thereby starts
said internal combustion engine.

The starting system for an internal combustion en-
gine according to any one of claims 1 to 7, wherein
said control means applies, in the case where said
internal combustion engine stops after getting over
an a compression stroke, a reverse current carried
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such that said crank shaft is temporarily reverse-
rotated up to a predetermined crank position, on the
basis of said absolute angle acquired before said
internal combustion engine stops, at the time of next
starting, and thereafter said control means applies
a normal current carried, and thereby starts said in-
ternal combustion engine.

The starting system for an internal combustion en-
gine according to any one of claims 1 to 8, wherein
said control means preliminarily rotates said crank
shaft up to a position in a side of the normal rotation
from a position for generating the ignition reference
signal prior to said reverse rotation.

The starting system for an internal combustion en-
gine according to any one of claims 1 to 9, wherein
said control means adjusts, on the basis of at least
any one of a battery voltage and an engine, a posi-
tion at which the reverse current carried in said
crank shaft is finished and a position at which the
normal current carried in said crank shaft is started.

A starting control system of an internal combustion
engine, which executes a drive control of a starter
motor connected to a crank shaft of the internal
combustion engine, the starting control system
comprising:

an ignition reference signal acquiring means for
acquiring an ignition reference signal of said in-
ternal combustion engine;

a commutation position pulse signal acquiring
means for acquiring a commutation position
pulse signal of said starter motor;

an absolute angle calculating means for calcu-
lating an absolute angle of said crank shaft on
the basis of said ignition reference signal and
said commutation position pulse signal; and
amotor control instructing means for controlling
said starter motor on the basis of said absolute
angle calculated.

The starting control system for an internal combus-
tion engine according to claim 11, wherein said mo-
tor control instructing means applies a reverse cur-
rent carried such that said crank shaft is temporarily
reverse-rotated up to a predetermined crank posi-
tion on the basis of said absolute angle, and detects
that said crank shaft has reached a predetermined
crank angle position, and thereafter applies a nor-
mal current carried.

The starting control system for an internal combus-
tion engine according to claim 11 or 12, wherein said
motor control instructing means applies a reverse
current carried such that said crank shaft is tempo-
rarily reverse-rotated up to a predetermined crank
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position on the basis of said absolute angle, and de-
tects that said crank shaft has begun normal rota-
tion, and thereafter applies a normal current carried.

The starting control system for an internal combus-
tion engine according to any one of claims 11 to 13,
wherein said starting control system further com-
prises a battery voltage detecting means for detect-
ing a battery voltage and an engine temperature de-
tecting means for detecting an engine temperature,
and said motor control instructing means controls
said starter motor on the basis of said absolute an-
gle and at least any one of said battery voltage and
the engine temperature.

A crank angle detecting apparatus of an internal
combustion engine, which is started by a brushless
starter motor connected to a crank shaft, the crank
angle detecting apparatus comprising:

a reluctor formed in a rotational body provided
in said crank shaft;

a reference signal generating means arrange
close to said rotational body of rotation and
generating an electric signal at a predeter-
mined crank angle when said reluctor passes;
a commutation position signal generating
means for generating a commutation position
signal for controlling said starter motor when
said starter motor rotates;

an angle pulse forming means for forming an
angle pulse having a predetermined period on
the basis of said commutation position signal;
and

a crank angle calculating means for calculating
an absolute angle of said crank shaft on the ba-
sis of the electric signal from said reference sig-
nal generating means and said angle pulse.

The crank angle detecting apparatus of an internal
combustion engine according to claim 15, wherein
said reference signal generating means outputs an
ignition reference signal for determining ignition tim-
ing of said internal combustion engine.

The crank angle detecting apparatus of an internal
combustion engine according to claim 15 or 16,
wherein said commutation position signal generat-
ing means outputs a pulse signal having a plurality
of phases; said angle pulse forming means forms
an angle pulse signal having a predetermined peri-
od on the basis of change in said pulse signal hav-
ing the plurality of phases; and said crank angle cal-
culating means counts said angle pulse after the
electric signal is input from said reference signal
generating means and thereby calculates the abso-
lute angle of said crank shaft.
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FIG. 17
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