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(54) ENGINE STARTER

(57) In engine starter system adapted to crank an
engine firstin a reverse direction, and finally in a normal Fig. 12
direction with an electric motor that is connected to a
crankshaft of an engine, to ensure a successful cranking ‘
at all times, an electric current is supplied to the electric ignition switch onf n
motor for a normal rotation prior to cranking the engine 6 off
in the reverse direction to move the crankshaft to a suit-
able angular position at least under a prescribed condi-
tion. This control can be accomplished without requiring
any special angle sensor.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an engine
starter system.

BACKGROUND OF THE INVENTION

[0002] Conventionally, in motor vehicles, an engine is
cranked by an electric motor, and the electric motor is
sometimes used also as an electric generator. By doing
so, the electric motor serves both for cranking the en-
gine and generating electricity, and the accessory
equipment for the engine can be simplified.

[0003] In an engine starter system, because the po-
sition of the piston is indeterminate at the start of crank-
ing the engine, the rated output of the starter motor
needs to be high enough to be able to crank the engine
even when the piston is at the beginning of a compres-
sion stroke and/or when the engine is cold and therefore
involves a high level of viscous resistance. However, it
is not desirable to increase the size of the starter motor.
[0004] A swing engine starter system is also known
which cranks the engine in the normal direction after
slightly turning the crankshaft in the reverse direction to
ensure a successful cranking of the engine under any
condition even when the rated output of the starter motor
is relatively small. This swing action provides an ap-
proach run and allows the spring back force of a com-
pression pressure to be utilized to help the cranking
speed to reach an adequate level to overcome the com-
pression stroke.

[0005] Insuch a swing start engine starter system, for
a small electric motor to be able to successfully crank
the engine without fail, itis necessary to place the crank-
shaft at a position which provides an adequate approach
run distance directed toward the expansion stroke in the
reverse direction such as a position in the compression
stroke or a position in the intake stroke near the com-
pression stroke before cranking the engine. Otherwise
the crankshaft may stop before reaching the expansion
stroke if the engine load is high as is the case when the
engine is cold (due to viscous resistance). On the other
hand, if the engine temperature is normal, the crank-
shaft can rotate in the reverse direction to an intermedi-
ate point of the expansion stroke by opposing the com-
pression pressure. Conversely, if the engine tempera-
ture is high and the engine load is light, the crankshaft
could rotate in the reverse direction beyond the top dead
center of the expansion stroke.

[0006] However, the angular position of the crank-
shaft (or the position of the piston) before cranking the
engine can only be estimated, and may not be the same
each time. Therefore, if the reverse drive is defined so
as to accommodate such variations, the necessary ap-
proach run distance may not necessarily be ensured,
and it does not lead to the minimization of the rated out-
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put of the electric motor. The piston position can be de-
tected by using a rotary encoder or the like, but it leads
to the rise in the cost of the system.

BRIEF SUMMARY OF THE INVENTION

[0007] In view of such problems of the prior art, a pri-
mary object of the present invention is to provide an en-
gine starter system which can perform the swing start
action by moving the crankshaft (piston) to an optimum
position when necessary so that a reliable cranking ac-
tion can be effected at all times.

[0008] A second object of the present invention is to
provide an engine starter system which can start an en-
gine reliably with a minimum consumption of electric
power.

[0009] A third object of the present invention is to pro-
vide an engine starter system which allows the crank-
shaft angular position sensor used for such an engine
starter system to be simplified and minimized in cost.
[0010] A fourth object of the present invention is to
provide an engine starter system which is suitable for
use with an idle stop system which requires frequent re-
starting of the engine.

[0011] A fifth object of the present invention is to pro-
vide an engine starter system which is suited to use an
electric motor that serves also as an electric generator.
[0012] According to the present invention, such ob-
jects can be accomplished by providing an engine start-
er system adapted to crank an engine first in a reverse
direction, and finally in a normal direction with an electric
motor that is connected to a crankshaft of an engine,
comprising: an electric motor connected to the crank-
shaft; a sensor for detecting an angular position of the
crankshaft; and a controller for controlling a supply of
electric current to the electric motor according an output
signal of the sensor; the controller being adapted to sup-
ply an electric current to the electric motor for a normal
rotation prior to cranking the engine in the reverse di-
rection at least under a prescribed condition.

[0013] Thus, by temporarily stopping the crankshaft
when it has rotated in the normal direction to a position
inside the compression stroke in advance, the final
cranking in the normal direction can be performed after
rotating the crankshaft in the reverse direction so as to
provide an adequate approach run distance and allow
the spring back of the compression pressure to be uti-
lized so that a reliable cranking action can be ensured.
In particular, by rotating the crankshaft in the normal di-
rection in an intermittent manner as a preliminary action,
even when the engine temperature is high and the fric-
tion loss is small as is the case when stopping the engine
on a red signal (idle stop) or restarting the vehicle after
a short stop, itis possible to prevent the crankshaft from
rotating beyond the top dead center due to an excessive
rotational speed, and to prevent an excessive spring
back of the crankshaft which can be produced when the
crankshaft is rotated against the compression pressure
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to a point near the top dead center. In either case, the
position from which to start the subsequent cranking can
deviate significantly from a proper position.

[0014] If a crankshaft angular position at which the in-
termittent supply of electric current to the electric motor
is changed to the supply of electric current for the re-
verse cranking is determined as a position at which the
crankshaft is pushed back in the reverse direction by
more than a prescribed angle a prescribed number of
times during a power off period in the supply of electric
current to the electric motor in an intermittent manner or
as a position at which the crankshatft fails to rotate in the
normal direction by more than a prescribed angle a pre-
scribed number of times during a power on period in the
supply of electric current to the electric motor in an in-
termittent manner, the crankshaft angular position at
which the reverse cranking should be started can be de-
termined both simply and economically.

[0015] If the crankshaft angular position sensor is ca-
pable of providing the necessary angular information, a
crankshaft angular position at which the intermittent
supply of electric current to the electric motor for the nor-
mal cranking is changed to the supply of electric current
to the electric motor for the reverse cranking may be pre-
determined, and the electric motor may be brought to
the reverse drive condition when the output signal of the
crankshaft angular position sensor has detected the
predetermined angular position is detected.

[0016] When the first preliminary cranking in the nor-
mal direction is not performed, the reverse drive is per-
formed in an intermittent manner so that the crankshaft
may be prevented from rotating beyond the top dead
center after reversing the expansion stroke or from be-
ing kicked back by the compression pressure of the ex-
pansion stroke in the same manner as in the case of the
preliminary cranking in the normal direction.

[0017] Ifasensorfordetecting atleast one of a battery
voltage and an engine temperature is provided, the sup-
ply of electric current to the electric motor in an intermit-
tent manner may be performed only when the output sig-
nal of the sensor indicates that at least one of the battery
voltage and engine temperature falls below a prescribed
value. Thus, the crankshaft is rotated in the normal di-
rection before being cranked in the reverse direction on-
ly when the battery voltage is low and/or when the en-
gine temperature is low so that the crankshaft is pre-
vented from being kicked back by the compression pres-
sure when reversing the expansion stroke, and the
cranking of the engine can be accomplished quickly and
with a minimum consumption of electric power accord-
ing to the particular given condition.

[0018] When restarting the engine in a fully warmed
up state as is the case of an idle stop operation or re-
starting the vehicle after a short stop, there is an in-
creased tendency for the crankshaft to be kicked back
by the compression pressure due to the reduced fric-
tional loss, and merely intermittently cranking the engine
in the normal direction may not be enough to effectively
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bring the crankshaft angular position to the prescribed
position in the compression stroke. In such a case, the
supply of electric current in an intermittent manner may
be repeated. For more effectively bringing the crank-
shaft angular position to the prescribed position in the
compression stroke, a duty ratio of the supply of electric
current in an intermittent manner may be decreased
when repeating the supply of electric current to the elec-
tric motor in an intermittent manner.

[0019] To allow the necessary angular information to
be obtained without using an expensive encoder or the
like, the crankshaft angular position sensor may com-
prise an absolute position sensor for detecting an abso-
lute position of the crankshaft and a relative position
sensor for detecting an angular positional change of the
crankshaft at a higher resolution, detection of an abso-
lute angle of the crankshaft at a high resolution being
enabled by combining the sensors. For instance, the ab-
solute position sensor may comprise an ignition timing
sensor. The electric motor may comprise a brushless
motor, and the relative position sensor may comprise a
commutating signal sensor of the brushless motor.
[0020] In such a case, a crankshaft angular position
at which the reverse cranking is taken over by the final
normal cranking may be determined according to an
output of the relative position sensor using an output of
the ignition timing sensor in an exhaust stroke of the en-
gine as a reference. This allows the absolute angular
position of the crankshaft to be known at a high resolu-
tion, and the obtained absolute angular position of the
crankshaft can be used for the ignition control and fuel
injection control as well as for the cranking control.
[0021] Because an ignition timing sensor typically
produces an output signal both in the compression
stroke and exhaust stroke, it is necessary to distinguish
them to allow the absolute angle of the crankshaft to be
determined. Based on such considerations, an output
of the ignition timing sensor may be disregarded for a
prescribed angle after the reverse cranking has started
following the supply of electric current in an intermittent
manner for the first preliminary normal drive.

[0022] If the relative position sensor is adapted to de-
tect a rotational direction as is the case with a commu-
tating signal sensor of a brushless motor, an output of
the ignition timing sensor during an exhaust stroke of
the engine may be identified to provide a reference for
a timing of starting the final normal cranking according
to a detected rotational angle and the output of the ig-
nition timing sensor. Also, an output of the ignition timing
sensor during an exhaust stroke of the engine may be
identified to provide a reference for a timing of starting
the final normal cranking according to a point of change
in the rotational direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Now the present invention is described in the
following with reference to the appended drawings, in



5 EP 1 321 666 A1 6

which:

Figure 1 is a schematic diagram of an engine starter
system embodying the present invention;

Figure 2 is a fragmentary sectional side view of the
engine starter system;

Figure 3 is a fragmentally end view partly in section
as seen in the direction indicated by arrows IlI-Ill in
Figure 2;

Figure 4 is a simplified circuit diagram of the engine
starter system embodying the present invention;
Figure 5 is a time chart showing the commutating
signal of the electric motor (brushless motor);
Figure 6 is a flow chart showing the control flow ac-
cording to the present invention;

Figure 7 is a diagram showing the change in the
strokes of the four stroke engine embodying the
presentinvention when the preliminary normal drive
is not effected;

Figure 8 is a diagram showing the control procedure
for the control action shown in Figure 7;

Figure 9 is a time chart showing the control proce-
dure for the control action shown in Figure 7;
Figure 10 is a diagram showing the change in the
strokes of the four stroke engine embodying the
presentinvention when the preliminary normal drive
is effected;

Figure 11 is a diagram showing the control proce-
dure for the control action shown in Figure 10;
Figure 12 is a time chart showing the control proce-
dure for the control action shown in Figure 10;
Figure 13 is a diagram showing the change in the
strokes of the four stroke engine to illustrate the ar-
rangement for avoiding an erroneous detection of
the output of the ignition timing sensor when the
preliminary normal drive is effected;

Figure 14 is a diagram showing the control proce-
dure for the control action shown in Figure 13;
Figure 15 is a time chart showing the control proce-
dure for the control action shown in Figure 13;
Figures 16 to 18 are time charts showing another
arrangement for avoiding an erroneous detection of
the output of the ignition timing sensor when the
preliminary normal drive is effected;

Figure 19 is a time chart showing yet another ar-
rangement for avoiding an erroneous detection of
the output of the ignition timing sensor when the
preliminary normal drive is effected;

Figure 20 is a time chart showing yet another ar-
rangement for avoiding an erroneous detection of
the output of the ignition timing sensor when the
preliminary normal drive is effected; and

Figure 21 is a time chart showing yet another ar-
rangement for avoiding an erroneous detection of
the output of the ignition timing sensor when the
preliminary normal drive is effected;
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Figure 1 is a schematic diagram showing an
engine starter system embodying the present invention.
As shown in Figure 1, this starter system includes an
electric motor (generator) 1 which is coaxially and di-
rectly connected to a crankshaft 2 of an engine ENG,
and is adapted not only to crank the engine but also to
function as an electric generator during the operation of
the engine. A controller ECU controls the electric motor
1 as well as the engine ENG by receiving signals from
an ignition switch I1G and a starter switch ST.

[0025] An exemplary structure of the electric motor 1
is now described in the following with reference to Fig-
ures 2 and 3. As shown in the drawings, an outer rotor
3 having the shape of a shallow cup and serving also as
a flywheel is coaxially attached to the crankshaft 2 of the
engine ENG, and includes a prescribed number of ar-
cuate magnet pieces 4 that are attached to the inner cir-
cumferential surface of the outer rotor 3 in such a man-
ner that the magnetic poles of the magnet pieces 4 al-
ternate between N and S along the circumferential di-
rection.

[0026] The electric motor 1 is additionally provided
with an inner stator 5 which is coaxially disposed with
respect to the outer rotor 3 and cooperates with the lat-
ter. The inner stator 5 is provided with a same number
of stator cores 7 as the magnet pieces 4 which are dis-
posed radially with respect to the crankshaft 2 inside the
peripheral wall of the outer rotor 3 opposite the magnetic
poles of the magnet pieces 4, and stator coils 6 which
are wound around the corresponding stator cores 7. The
inner stator 5 is fixedly attached to an end surface of the
engine ENG with threaded bolts 11. Each stator coil 6
is connected to a drive device such as an FET in a motor
driver circuit 14 for driving the electric motor 1 according
to an electric motor control signal from a CPU provided
in the controller ECU as shown in Figure 4 also. The
electric motor of this ACG starter system consists of a
brushless motor, and the motor driver circuit 14 include
a pair of FETs for each of the U, V and W phases to drive
the corresponding phase into high and low states. An
intermediate node between each pair of the FETs is con-
nected to the stator coil 6 of the corresponding phase.
[0027] To the outer circumferential surface of the out-
er peripheral wall of the outer rotor 3 is attached a re-
luctor 8 consisting of a magnetic member. A pulser
(magnetic detection coil) 9 is fixedly attached to an end
surface of the engine ENG via a bracket 10 which is in-
tegrally formed with the pulser 9 with a threaded bolt 12
so as to oppose the outer peripheral surface of the pe-
ripheral wall of the outer rotor 3. The pulser 9 forms an
ignition timing sensor in cooperation with the reluctor 8
by detecting magnetic changes as the reluctor 8 passes
the pulser 9. Three Hall devices 13 are provided in the
inner stator 5 of the electric motor 1 to form a commu-
tating position sensor. The outer rotor 3 is provided with
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an annular sensor magnet 15 serving as an object of
detection around a boss projecting toward the engine
main body. The Hall devices 13 are placed on suitable
locations of the inner stator 5 via a positioning case so
as to detect the positional changes in the magnetic poles
of the sensor magnet 15. The Hall devices 13 are ar-
ranged at a regular interval along the circumferential di-
rection so as to correspond to the U, V and W phases
as shown in Figure 3.

[0028] Referring to Figure 1 and 4, the controller ECU
monitors the engine temperature TE and the battery
voltage BT. According to the monitored values, a pre-
liminary action can be started by selecting a control ac-
tion which is both efficient and appropriate according to
a data table stored in ROM in advance. The engine tem-
perature TE may include the cooling water temperature
in a water cooled engine, the ambient temperature in-
side the engine room, the temperature of the electric
motor (electric generator) 1, the temperature of the con-
troller ECU when it is mounted inside the engine room,
or any data that would give a measure of the tempera-
ture of any part of the engine.

[0029] The mode of cranking the engine with this en-
gine starter system is described in the following. As the
electric motor 1 consists of a three phase brushless mo-
tor in this embodiment, the Hall devices 13 are arranges
so as to detect the timings of the rise (L—H) and fall
(H—-L) of each of the U, V and W phases as shown in
Figure 5, and the rotational angle can be detected by an
increment of 10 degrees according to the combinations
of the states of the three phases. As there are six pos-
sible combinations of these states, the same combina-
tion repeats itself for every 60 degrees. Therefore, this
sensor can detects relative angular changes, but cannot
measure the absolute angular position by itself.

[0030] Because the engine consists of a four stroke
engine, for each two revolutions or for each rotation of
720 degrees, the compression, expansion, exhaust and
intake strokes take place as illustrated in Figure 7. The
pulser 9 detects the passage of the reluctor 8 at a posi-
tion (81) slightly before the top dead center between the
compression and expansion strokes, and at a position
(62) slightly before the top dead center between the ex-
haust and intake strokes or at a position separated from
position 61 by 360 degrees. Positions 61 and 62 are re-
ferred to as "ignition timing reference position" and "an-
gle computing reference position" in the following de-
scription. Because the reluctor 8 has a certain width, the
pulser 9 produces pulses of mutually opposite polarities
as the leading edge and trailing edge of the reluctor 8
passes the pulser 9. Therefore, the pulser 9 can deter-
mine the absolute angular position, but can determine
only one point out of 360 degrees, and cannot distin-
guish between the compression stroke and exhaust
stroke.

[0031] When the engine ENG is stationary, it can be
estimated that that the crankshaft is somewhere in the
exhaust or intake stroke, but cannot be determined for
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certain under normal condition. Therefore, when an at-
tempt is made to successfully crank the engine by rotat-
ing the crankshaft in the reverse direction before finally
cranking the engine in the normal direction (swing start
action), it cannot be determined how far back the crank-
shaft should be rotated in the reverse direction. In other
words, depending on the position of the crankshaft be-
fore cranking the engine, the reverse drive may not able
to rotate the crankshaft in the reverse direction to a suf-
ficient extent to provide an adequate approach run dis-
tance and adequate swing action when finally cranking
the engine in the normal direction due to the compres-
sion resistance that is encountered when reversing the
expansion stroke. Itis also possible for the reverse drive
to rotate the crankshaft beyond the top dead center from
the side of the expansion stroke. Therefore, in the illus-
trated embodiment, prior to the final cranking action, the
crankshaft is rotated in the normal direction (preliminary
normal drive), when necessary, to such an extent as not
to go beyond the top dead center between the compres-
sion and expansion strokes so that the swing start action
can be effected with an adequate approach run distance
for the reverse drive.

[0032] When restarting the engine after each idle
stop, or when starting the engine in a fully warmed up
state, the friction loss is so small that such a preliminary
normal drive would not be necessary. Even when a pre-
liminary normal drive is omitted, the reverse drive could
be excessive enough for the crankshaft to rotate beyond
the top dead center from the expansion stroke.

[0033] According to the starter system of the present
invention, the ignition switch IG is turned on at first, and
a preliminary action is performed before the switch ST
is turned on to crank the engine. The cranking may con-
sist of a simple normal drive or a swing action drive com-
bining both a reverse drive and a normal drive. This ac-
tion takes place in an automatic manner as the vehicle
operator turns on the ignition switch IG and then turn on
the starter switch ST.

[0034] Referringto Figure 6, itis determined if the bat-
tery voltage BT is lower than a prescribed lower limit val-
ue BTL in step 1 (ST1). If higher, the program flow ad-
vances to step 2 (ST2). It is then determined if the en-
gine temperature TE is lower than a prescribed lower
limit TEL, and if higher, the program flow advances to
step 3 (ST3).

[0035] In step 3 (ST3), as it is determined that a pre-
liminary normal drive is not necessary, an intermittent
drive in the reverse direction is performed as a prelimi-
nary reverse drive preceding the turning on of the starter
switch ST as indicated by arrow in Figures 7 and 8. As
shown in Figure 9, the power on time period t1 during
the intermittent drive is for instance in the order of 50
ms, and the power off time period t2 may be in the same
range. The reverse drive in this case is effected in an
intermittent manner to avoid the reverse drive from be-
coming excessive and rotating the crankshaft in the re-
verse direction beyond the top dead center from the ex-
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pansion stroke because the battery voltage is high and/
or because the friction loss is small as is the case when
the engine is fully warmed up or is being restarted after
an idle stop. Therefore, if there is no fear of rotating the
crankshaft beyond the top dead center from the side of
the expansion stroke by taking a suitable measure to
prevent the reverse drive from becoming excessive, the
intermittent drive may be replaced with a continuous
drive.

[0036] In step 4 (ST4), it is determined if a compres-
sion start position 6e defined in an intermediate point of
the expansion stroke has been reached as shown in Fig-
ures 7 and 8. The detection of the compression start po-
sition e can be accomplished by detecting the spring
back of the compression pressure which is produced as
a result of reversing the expansion stroke. More specif-
ically, based upon the commutating position signal from
the Hall devices 13, the compression start position 6e
may be defined as a position at which the crankshaft is
pushed back in the normal direction by more than a pre-
scribed angle (20 degrees, for instance) during a power
off interval of the electric motor a prescribed number of
times (which may be once or more), or at a position at
which the crankshaft fails to rotate in the reverse direc-
tion by more than a prescribed angle (20 degrees, for
instance) during a power on interval of the electric motor
a prescribed number of times (which may be once or
more). However, if the absolute angular position of the
crankshaft and the current stroke are known or an angle
sensor provides such information, it is possible to termi-
nate the reverse drive when it is actually detected that
the angular position of the crankshaft has reached the
compression start position 6e.

[0037] When the compression start position 6e is de-
tected in step 4 (ST4), the program flow advances to
step 5 (ST5). Because the compression start position
as detected in step 4 (ST4) may not be accurate, this
position is set as a provisional compression start posi-
tion 6e, and the program flow advances to step 6 (ST6).
[0038] The final normal drive cranking control is con-
ducted in step 6 (ST6). When the compression start po-
sition 6e is detected, the crankshaft is stationary in the
expansion stroke as shown in Figures 7 and 8. When
the starter switch ST is turned on at this time, the crank-
ing in the normal direction is started from this prepara-
tory position by continually supplying electric current to
the electric motor 1 as indicated by arrow B in Figure 7
and 8. This corresponds to a case where the rotational
speed can be increased enough to rotate the crankshaft
beyond the top dead center when cranking the engine
because an adequate approach run distance extending
from a point in the expansion stroke to the compression
stroke is ensured and the spring back force of the com-
pression pressure can be utilized. During this normal ro-
tation, the passage of the reluctor 8 in the exhaust stroke
in the normal direction can be detected as a pulser out-
put signal, and the detected position is set as an angle
computing reference position 62 that can be used as a
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reference of angular position instead of the provisional
compression start position 6e as shown in Figures 7 and
8. This angular position can be used as a reference in
determining the absolute angle for timing control in
cranking, ignition and fuel injection controls.

[0039] According to this embodiment, the condition
for anticipating a sufficient rise in the rotational speed is
determined form the battery voltage BT and engine tem-
perature ET in steps 1 and 2 (ST1 and ST2). The drive
torque of the engine 1 is low when the battery voltage
BT is lower than the lower limit value BTL. The friction
loss is great due to a high viscous resistance when the
engine temperature TE is lower than the lower limit val-
ue TEL. In either case, a sufficient rise in the rotational
speed cannot be anticipated, and the program flow ad-
vances to step 7 (ST7).

[0040] In step 7 (ST7), the crankshaft is driven in the
normal direction in an intermittent manner as a prelimi-
nary normal drive as indicated by arrow C in Figures 10
and 11, as opposed to step 3 (ST3). In this case, as long
as a necessary measure is taken so as to prevent the
crankshaft from rotating beyond the top dead center
from the compression stroke and to place the crankshaft
in a point in the compression stroke before starting the
reverse cranking action, the preliminary normal crank-
ing may be performed continuously instead of being per-
formed an intermittent manner.

[0041] Instep8(ST8),itis determined if the compres-
sion start position 6p in the compression stroke has
been reached as shown in Figures 10 and 11, in a similar
manner as in step 4 (ST4). In other words, based upon
the commutating position signal from the Hall devices
13, the compression start position 6p may be defined as
a position at which the crankshaft is pushed back in the
reverse direction by more than a prescribed angle (20
degrees, for instance) during a power off interval of the
electric motor a prescribed number of times (which may
be once or more), or at a position at which the crankshaft
fails to rotate in the normal direction by more than a pre-
scribed angle (20 degrees, for instance) during a power
on interval of the electric motor a prescribed number of
times (which may be once or more). Once the compres-
sion start position 6p has been detected, the program
flow advances to step 9 (ST9) where this position is set
as a provisional compression start position 6p in a sim-
ilar manner as in step 5 (ST5) before the program flow
advances to step 10. In this case also, if the absolute
angular position of the crankshaft and the current stroke
are known or an angle sensor provides such informa-
tion, it is possible to terminate the normal drive when it
is actually detected that the angular position of the
crankshaft has reached the compression start position
op.

[0042] A swing cranking action is started in step 10
(ST10). When the compression start position 6p has
been detected, the engine is stationary at a point inside
the compression stroke as shown in Figures 10 and 11.
As the starter switch ST is turned on, the electric motor
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1 is continually supplied with electric current so as to
drive the engine from this stationary position in the re-
verse direction (Figure 12). During this reverse rotation,
upon detecting the passage of the reluctor 8 in the ex-
haust stroke as a pulser output signal as shown in Fig-
ures 10 and 11, the detected position is set as an angle
computing reference position 62 which serves as the fi-
nal reference for determining the angular position, in-
stead of the provisional compression start position 6p.
This angular position can be used as a reference in de-
termining the absolute angle for timing control in crank-
ing, ignition and fuel injection controls.

[0043] The propercompression start position 6e when
reversing the expansion stroke can be obtained by using
the angle computing reference position 62 as a refer-
ence. When this proper compression start position 6e is
reached, the supply of electric current to the electric mo-
tor 1 is terminated similarly as the case mentioned
above, and the expansion stroke is reversed under the
inertia. When the crankshaft has come to a stop during
the expansion stroke (64) and started rotating back in
the normal direction, electric current is then continually
supplied to the electric motor 1 to drive it in the normal
direction and crank the engine. By starting the normal
drive only when the crankshaft has come to a stop due
to the balancing of the inertia of the crankshaft with the
compression pressure produced by the reversing of the
expansion stroke, the power consumption can be re-
duced as compared to the case where the normal drive
is started immediately after the termination of the re-
verse drive.

[0044] By sodoing, evenwhen the temperature is low,
and the friction loss is significant due to viscous resist-
ance, because the crankshaft is at first rotated in the
normal direction into the compression stroke before ro-
tating in the reverse direction, and a relatively long ap-
proach run distance can be ensured in addition to the
continued supply of electric current to the electric motor
when reversing the expansion stroke, the rotational
speed of the crankshaft as it reverses the expansion
stroke can be increased to a sufficient level. Further-
more, the spring back force due to the rise in the com-
pression pressure when reversing the expansion stroke
pushes back the piston, and the relatively long approach
run distance in the normal direction helps the rotational
speed to increase to a sufficient level. Therefore, a suf-
ficient torque is produced for rotating the crankshaft in
the normal direction beyond the top dead center of the
compression stroke, and an electric motor having a rel-
atively small rated output can successfully crank the en-
gine even when the friction loss is significant.

[0045] For instance, when stopping the engine on a
red signal or the like or in an idle stop situation, because
the ignition switch |G remains on, and the absolute angle
of the crankshaft is kept in memory, the re-starting con-
trol can be conducted in a favorable manner according
to the stored angle computing reference position 62.
This angular position can be used for ignition and fuel
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injection controls during the startup and/or the normal
operation.

[0046] In this case, the absolute angular position
based upon the angle computing reference position 62
can be used as an accurate absolute angular position.
On the other hand, when the reference angle is obtained
from the change in the rotational speed of the crankshaft
2 as its rotation is opposed by the compression stroke,
the obtained reference value is treated as a provisional
absolute value. However, this value does not substan-
tially deviate from the true reference value, and it can
be safely used for finding the optimum position for
changing the rotational direction of the crankshaft in a
swing cranking action making use of the compression
pressure obtained by reversing the expansion stroke,
for performing the ignition control and fuel ignition con-
trol during the cranking process.

[0047] Upon completion of the aforementioned pre-
liminary action, when the engine is cut to prevent the
engine from idling, or when the engine is cut for any rea-
son, the engine may come to a stop at a position which
is remote from the compression start position 6e (6p) by
more than a prescribed separation angle (20 degrees,
for instance). In such a case, according to the present
invention, a preliminary action is repeated so that a fa-
vorable cranking with an adequate approach run can be
effected either with a normal rotation or reverse rotation
cranking control.

[0048] The case of the engine coming to a stop at a
position remote (for instance 20 degrees away) from the
compression start position 8e (6p) typically occurs when
the spring back force of the compression pressure in the
compression stroke or expansion stroke is excessive.
Therefore, when conducting the preliminary action once
more, it is preferable to set the power on period longer
than that used for the preceding preliminary action. This
allows the spring back force to be reduced, and the
crankshaft to come to a stop near the expansion stroke
or compression stroke.

[0049] It is preferable to change the power on period
t1 and power off period t2 during the preliminary action
in dependence on at least one of the battery voltage BT
and engine temperature TE. For instance, the power on
period t1 may be extended while the power off period t2
is diminished when the battery voltage is low and/or
when the engine temperature is low. Conversely, for in-
stance, the power period t1 may be diminished while the
power off period {2 is extended when the battery voltage
is high and/or when the engine temperature is high.
Thus, an optimum cranking control can be effected
which adapts itself to changes in the engine cranking
condition.

[0050] Following the detection of the compression
start position during a preliminary action, if the crank-
shaft would not come to a stop within a prescribed angle
(20 degrees, for instance), a regenerative braking may
be applied to the electric motor 1 by turning on all of the
drive devices (FETs) of the motor driver circuit 14 upon
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detecting the prescribed angle so that the crankshaft
may be caused to come to a stop within a prescribed
angle from the compression start position. This elimi-
nates the need to repeat the preliminary cranking action
over and over again.

[0051] A second embodiment of the present invention
is described in the following. In the second embodiment,
the ignition switch |G is turned on at first, and the starter
switch ST is then turned on to crank the engine. At this
time, as shown in Figure 15, as soon as the ignition
switch IG is turned on, the electric motor 1 is rotated in
the normal direction in an intermittent manner as a pre-
liminary normal drive. The duration of each intermittent
operation T1 may be 50 ms, for instance. In this case
also, as long as a necessary measure is taken so as to
prevent the crankshaft from rotating beyond the top
dead center from the compression stroke and to have
the crankshaft placed in a point in the compression
stroke before starting the reverse cranking action, the
preliminary normal cranking may be performed contin-
uously instead of being performed an intermittent man-
ner.

[0052] Once the ignition switch IG is turned on, the
counting of the rotational angle of the crankshaft 2 (or
the outer rotor 3) based on the commutating position sig-
nal of the brushless motor is enabled, and the actual
counting is started upon receiving a reference signal
which is described hereinafter. In the illustrated embod-
iment, the electric motor 1 consists of a three-phase
bushless motor, and can serve as a rotational angle de-
tecting means with the Hall devices 13 detecting the tim-
ing of the rise (L - H) and fall (L - H) of each phase U, V
or W as shown in Figure 6. It can count the rotational
angle by the increment of 10 degrees, for instance.
[0053] During this preliminary normal drive operation,
the crankshaft 2 is turned to an angle which is immedi-
ately before the top dead center of a compression stroke
of a four-stroke engine as shown in arrow A in Figures
13 and 14. Such a control action can be effected by not-
ing the possibility of computing the rotational speed from
the count of the rotational angle. When the rotational
speed has dropped to zero during the non-drive period
of the intermittent operation, it can be judged that the
piston has risen to a point close to the top dead center,
and the resulting rise in the compression pressure has
resisted any further rise of the piston. The normal drive
is therefore terminated at this point. The intermittent op-
eration is conducted for the purpose that the crankshaft
2 can be rotated to a position substantially coinciding
with a ignition timing reference position (a certain angle
before the top dead center which is used for the ignition
timing control) 61 but not to the extent to reach the top
dead center (by producing a torque that would not over-
come the compression resistance).

[0054] Then, the starter switch ST is turned on to turn
the electric motor 1 in the reverse direction (arrow B in
Figures 13 and 14). At this time, the pulser 9 detects the
passage of the reluctor 8 (ignition timing reference po-
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sition ©2) during the exhaust stroke of the illustrated
four-stroke engine, and produces a signal similar to that
is produced at the ignition timing reference position 61.
The rotational angle is counted anew from this ignition
timing reference position 62. When this count has
reached angle o, and a reverse drive terminate position
03 defined within the expansion stroke is reached, the
drive of the electric motor 1 in the reverse direction is
terminated, and the normal drive of the electric motor 1
is started when a normal drive reversing position 64 is
reached at which the inertia force in the normal direction
balances with the compression force that increases pro-
gressively as the expansion stroke is reversed, (arrow
CinFigures 13 and 14). By thus starting the normal drive
only when (64) the inertia force of the crankshaft has
balanced with the compression pressure caused by the
reversing of the expansion stroke, the power consump-
tion can be reduced as compared to the case the normal
drive is started immediately after the reverse drive has
been terminated (63).

[0055] The reversing of the expansion stroke produc-
es a rise in the compressive pressure which tends to
push back the piston, and this produces an assist force
for the normal rotation which, combine with the ade-
quate approach distance that is ensure, contributes to
the increase in the rotational speed in the normal direc-
tion. This provides an adequate torque for getting over
the top dead center during the compression stroke in
the normal direction, and allows the required output of
the electric motor of the starter system to be minimized.
[0056] During the period of the first normal drive,
when the crankshaft 2 has rotated in the normal direc-
tion far enough to detect the first edge of the reluctor 8
(as indicated by the imaginary line D in Figures 13 and
14), the same edge will be detected again when the
crankshaft rotates in the reverse direction, and this
causes a detection of an erroneous signal G as indicat-
ed by the imaginary lines in Figure 15. As a result, the
erroneous detection signal G would be confused with
the angle computing reference position signal 62, and
the reverse drive would be terminated at an erroneous
reversing position 65 (see Figure 13) which is separated
from the ignition timing reference position 61 by the an-
gle a. Therefore, the crankshaft 2 would rotate in the
normal direction after a small travel from the erroneous
reversing position 65 under the inertia as indicated by
imaginary line arrow E in Figure 13, and the resulting
absence of the assist force and reduction in the ap-
proach run distance for the normal drive (reduction by
half) may prevent the increase in the rotational speed
that is required for the crankshaft 2 to rotate beyond the
top dead center.

[0057] On the other hand, according to the present in-
vention, a prescribed angle in the reverse direction from
the point at which the rotational angle of the electric mo-
tor 1 changes from the normal direction to the reverse
direction is defined as a mask interval M for disregarding
the signal detection by the pulser 9. The mask interval
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M should be greater than the angle by which the reluctor
8 extends as detected by the pulser 9, but should be
small enough to stay clear from the angle computing ref-
erence positional signal 62, and may be an angle some-
what smaller than 360 degrees such as 200 degrees.
[0058] Another embodiment for preventing the pulser
9 from erroneously detecting the reluctor 8 in finding a
reference point for the determination of an absolute an-
gleis described in the following with reference to Figures
16 to 18. The pulser 9 of the engine starter system of
the present invention produces a detection signal when
passing the front edge and rear edge of the reluctor 8.
The detection signal for the normal rotation includes a
negative first reference pulse P1 that is produced as the
front edge of the reluctor 8 passes, and a positive sec-
ond reference pulse P2 that is produced as the rear
edge of the reluctor 8 passes as shown in Figure 16. By
integrating these pulses, a rectangular pulser output sig-
nal (pulser reluctor) corresponding to the position of the
reluctor 8 can be produced. In the following control, no
distinction is made between the positive and negative
polarity of the reference pulses P1 and P2.

[0059] When detecting the passage of the reluctor 8
when the crankshaft is rotating in the reverse direction
in the exhaust stroke during the cranking control, the
second reference pulse P2 is first produced, and the first
reference pulse P1 is then produced so that a pulser
output signal similar to that mentioned above is pro-
duced as shown in Figure 17. This allows the detected
angle computing reference positional signal 62 to be
judged as genuine. During the preliminary normal drive,
if position 61 is not reached, the second reference pulse
P2 appearing first can be identified as the angle com-
puting reference position signal 62 for the reverse rota-
tion.

[0060] On the other hand, when the crankshaft 2 has
turned far enough to detect the first edge of the reluctor
8 during the first preliminary normal rotation, and the
crankshaft starts rotating in the reverse direction from
an intermediate point of the reluctor 8 as shown in Figure
18, the rise of the first reference pulse P1 would be de-
tected during the first normal rotation, and the rise of the
first reference pulse P2 would be detected again during
the subsequent reverse rotation. Because the two ref-
erences pulses are produced during the normal rotation
and reverse rotation, respectively, the difference from
the case of Figure 17 can be detected, and an erroneous
detection can be avoided. The normal and reverse ro-
tations can be distinguished by monitoring the order of
appearance of the U, V and W phases as shown in Fig-
ure 5.

[0061] According to a modified method of avoiding an
erroneous detection based on the identification of the
rotational direction at the time of the generation of the
reference pulse, because the rotational angle o is count-
ed from the angle computing reference position 62 to
determine the rotational angle by which the reverse
drive should be continued from the angle computing ref-
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erence position 62 on when the crankshaft is rotating in
the reverse direction, the counting of the rotational angle
may be limited to the time when the crankcase is rotating
in the reverse direction. Therefore, if the crankshaft is
rotating in the normal direction when the first reference
pulse P1 is produced as shown in Figure 18, it may be
identified as a pulse not corresponding to the angle com-
puting reference position 62 for counting the rotational
angle so that an erroneous detection can be avoided.
[0062] Yet another embodiment for preventing the
pulser 9 from erroneously detecting the reluctor 8 in find-
ing areference point for the determination of an absolute
angle is described in the following with reference to
Figure19. In this embodiment, the timing of the two ref-
erence pulses P1 and P2 is associated with the states
of the U, V and W phases in advance to determine if the
current state is normal or not. When the crankshaft is
rotating in the normal direction, the state of the U, V and
W phases is LLH when the first reference pulse P1 is
produced at time T1, and LHL when the second refer-
ence pulse P2 is produced at T2. In other words, when
such a state is detected, it can be judged that the crank-
shaft is rotating in the normal direction.

[0063] When detecting the passage of the reluctor 8
while the crankshaft is rotating in the reverse direction,
as opposed to the above example, the state of the U, V
and W phases is LHL when the second reference pulse
P2 is produced at time T3 as indicated by the imaginary
lines in Figure 19, and LLH when the first reference
pulse P1 is produced at time T4 as indicated by the im-
aginary lines. In other words, it can be judged that the
passage of the reluctor 8 has been detected while the
crankshaft is rotating in the reverse direction.

[0064] The state of reversing the rotational direction
shown in Figure 19 is produced when the first reference
pulse P1 is produced during the first rotation in the nor-
mal direction, and the rotational direction is reversed be-
fore the second reference pulse P2 is produced. In this
case, the state of the U, V and W phases when the first
pulse P1 is produced at time T1 is LLH, and is then LLH
when the first pulse P1 is produced at time T4 while the
crankshaft 2 is rotating in the reverse direction as indi-
cated by the imaginary lines. This change in the state
does not correspond to either of the two states (normal/
reverse rotation), and can be therefore judged to corre-
spond to no normal state. This therefore prevents an er-
roneous detection.

[0065] However, if the state of any of the U, V and W
phases changes while a reference pulse is being pro-
duced, it may become impossible to determine if the nor-
mal/reverse rotation has properly taken place. For in-
stance, suppose the timing of the reference pulses P1
and P2 and the states of the U, V and W phases are
associated with each other in such a manner that the
state of the U phase changes during the time the first
reference pulse P1is produced, and the state of V phase
changes during the time the second reference pulse P2
is produced. In other words, each cycle of the U, V and
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W phases consists of 60 degrees while the width of the
reluctor 8 corresponds to an angle of 50 degrees. There-
fore, the state of the U, V and W phases is LLH when
the first reference pulse P1 is produced at time T1, and
is then LHH when the second pulse P2 is produced at
time T2 when the crankshaft is rotating in the normal
direction. Similarly, the state of the U, V and W phases
is LLH when the second reference pulse P2 is produced
at time T3, and is then HLH when the first pulse P1 is
produced at time T4 when the crankshaft is rotating in
the reverse direction. When the first edge of the reluctor
8 passes the pulser 9 during the normal rotation and af-
ter a change in the rotational direction again passes the
pulser 9 during the reverse rotation, the state of the U,
V and W phases is LLH at time T1, and is then HLH at
time T4 . Therefore, if the crankshaft changes the direc-
tion of rotation when the pulser 9 is an intermediate point
of the reluctor 8, it is not possible to distinguish whether
the crankshaft is simply rotating in the normal direction
or has changed the direction of rotation.

[0066] Such a problem can be avoided if the point of
detecting each reference pulse is at least partly based
on the falling edge of the pulse instead of the rising edge
of the pulse. If the detection is based on the falling edge,
the state of the U, V and W phases changes from HLH
at time T4 to LLH at time T3 when the crankshaft is ro-
tating in the normal direction, from LHH at time T2 to
LLH at time T1 when the crankshaft is rotating in the
reverse direction, and from HLH at time T4 to LLH at
time T1 when the crankshaft has changed the direction
of rotation. Therefore, the case of changing the direction
of rotation cannot be distinguished from the case of a
normal direction, but can be distinguished from the case
of a reverse direction so that the possibility of confusing
the ignition timing reference position 61 with the angle
computing reference position 62 during the reverse ro-
tation can be avoided.

[0067] Yet another embodiment for preventing the
pulser 9 from erroneously detecting the reluctor 8 in find-
ing areference point for the determination of an absolute
angle is described in the following with reference to
Figure19. In this embodiment, the rotational direction is
determined by monitoring the change in the state of the
U, V and W phases. The state changes at the time of
each rise or fall of each phase at an interval of 10 de-
grees, and the change in the state can be detected.
[0068] Inthe illustrated embodiment, as shown in Fig-
ure 21, the change in the state is monitored for each of
the intervals Ta through Tg defined between each adja-
cent detection timing (at the interval of 10 degrees).
Thus, as the crankshaft rotates in the normal direction,
the state of the U, V and W phases changes in the order
of LHH, LLH, HLH, HLL, HHL, LHL and LHH. This order
reverses when the crankshaft rotates in the reverse di-
rection. However, if the leading edge of the reluctor 8
passes the pulser 9 in the normal direction, and the
crankshaft changes the rotational direction so that the
leading edge of the reluctor 8 then passes the leading
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edge of the pulser 9 this time in the reverse direction,
such an order disappears. For instance, if the change
in the rotational direction occurs in the interval Td, the
state of the U, V and W phases changes in the order of
LHH, LLH, HLH, HLL, HLH, LLH and LHH, and it is
therefore possible to distinguish the case of changing
the rotational direction from the case of a revere rotation.
In this case, because it is not necessary to consider the
timing of the reference pulses P1 and P2, an erroneous
detection can be avoided without regard to the timing
relationship between the reference pulses and the com-
mutating position pulses (changes in the state of the
phases) or without requiring any accuracy in the posi-
tional relationship when assembling the corresponding
parts.

[0069] The foregoing description was directed to a
four-stroke engine, but the present invention is equally
applicable to two-stroke engines also if a similar reluctor
is additionally provided on the side of the bottom dead
center.

[0070] Although the present invention has been de-
scribed in terms of preferred embodiments thereof, it is
obvious to a person skilled in the art that various alter-
ations and modifications are possible without departing
from the scope of the present invention which is set forth
in the appended claims.

Claims

1. An engine starter system adapted to crank an en-
gine first in a reverse direction, and finally in a nor-
mal direction with an electric motor that is connect-
ed to a crankshaft of an engine, comprising:

an electric motor connected to said crankshaft;
a sensor for detecting an angular position of
said crankshaft; and

a controller for controlling a supply of electric
current to said electric motor according an out-
put signal of said sensor;

said controller being adapted to supply an elec-
tric current to said electric motor for a normal
rotation prior to cranking said engine in the re-
verse direction at least under a prescribed con-
dition.

2. An engine starter system according to claim 1,
wherein said electric currentis supplied to said elec-
tric motor in an intermittent manner.

3. An engine starter system according to claim 2,
wherein a crankshaft angular position at which the
intermittent supply of electric current to the electric
motor is changed to the supply of electric current
for the reverse cranking is determined as a position
at which the crankshaft is pushed back in the re-
verse direction by more than a prescribed angle a
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prescribed number of times during a power off pe-
riod in the supply of electric current to the electric
motor in an intermittent manner or as a position at
which the crankshaft fails to rotate in the normal di-
rection by more than a prescribed angle a pre-
scribed number of times during a power on period
in the supply of electric current to the electric motor
in an intermittent manner.

An engine starter system according to claim 2,
wherein a crankshaft angular position at which the
supply of electric current to said electric motor in an
intermittent manner is changed to that for said re-
verse cranking is determined as a position at which
said crankshaft fails to rotate by more than a pre-
scribed angle a prescribed number of times during
a power on period in the supply of electric current
to said electric motor in an intermittent manner.

An engine starter system according to claim 2,
wherein a crankshaft angular position at which the
intermittent supply of electric current to the electric
motor for the normal cranking is changed to the sup-
ply of electric current to the electric motor for the
reverse cranking may be predetermined.

An engine starter system according to claim 2,
wherein said reverse drive is performed in an inter-
mittent manner when said first cranking in the nor-
mal direction is not performed.

An engine starter system according to claim 2, fur-
ther comprising a sensor for detecting at least one
of a battery voltage and an engine temperature, and
the supply of electric current to said electric motor
in an intermittent manner is performed only when
the output signal of said sensor indicates that at
least one of said battery voltage and engine tem-
perature falls below a prescribed value.

An engine starter system according to claim 2,
wherein the supply of electric current to said electric
motor in an intermittent manner is performed re-
peatedly until said crankshaft angular position
reaches a prescribed position in an compression
stroke.

An engine starter system according to claim 2,
wherein a duty ratio of the supply of electric current
in an intermittent manner is decreased when re-
peating the supply of electric current to said electric
motor in an intermittent manner.

An engine starter system according to claim 2,
wherein said reverse drive is started after an inter-
val of regenerative braking when the supply of elec-
tric current to said electric motor in an intermittent
manner is performed repeatedly.
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An engine starter system according to claim 1,
wherein said crankshaft angular position sensor
comprises an absolute position sensor for detecting
an absolute position of said crankshaft and a rela-
tive position sensor for detecting an angular posi-
tional change of said crankshaft at a higher resolu-
tion, detection of an absolute angle of said crank-
shaft at a high resolution being enabled by combin-
ing said sensors.

An engine starter system according to claim 11,
wherein said absolute position sensor comprises an
ignition timing sensor.

An engine starter system according to claim 11,
wherein said electric motor comprises a brushless
motor, and said relative position sensor comprises
a commutating signal sensor of said brushless mo-
tor.

An engine starter system according to claim 12,
wherein a crankshaft angular position at which said
reverse cranking is taken over by said final normal
cranking is determined according to an output of
said relative position sensor using an output of said
ignition timing sensor in an exhaust stroke of said
engine as a reference.

An engine starter system according to claim 14,
wherein an output of said ignition timing sensor is
disregarded for a prescribed angle after said re-
verse cranking has started following the supply of
electric current following said first normal drive.

An engine starter system according to claim 14,
wherein said relative position sensor is adapted to
detect a rotational direction, and an output of said
ignition timing sensor during an exhaust stroke of
the engine is identified to provide a reference for a
timing of starting said final normal cranking accord-
ing to a detected rotational angle and the output of
said ignition timing sensor.

An engine starter system according to claim 14,
wherein said relative position sensor is adapted to
detect a rotational direction, and an output of said
ignition timing sensor during an exhaust stroke of
the engine is identified to provide a reference for a
timing of starting said final normal cranking accord-
ing to a point of change in the rotational direction.
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