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crank pulley for driving auxiliary machinery through an endless belt
is installed at the end of a crankshaft projected from an engine block
of an engine, and a starter motor for cranking the crankshaft is stored
in the internal space of the crank pulley, the starter motor comprising
a rotor having permanent magnets fixed onto the inner peripheral
surface of the peripheral wall part of the crank pulicy and a stator
having coils fixed onlo the outer surface of a chain cover, whercby
the starter motor for automatically re-starting the engine afler the
engine is stopped can be laid out compactly.
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ABSTRACT OF THE DISCLOSURE

In an engine-starting and stopping system in a vehicle,
a crank pulley for driving auxiliary parts by an endless belt
is mounted at an end of a crankshaft protruding from a cylinder
block of an engine, and a starter motor for cranking the
crankshaft is accommodated in an internal space in the crank
pulley. The starter motor includes a rotor having a permanent
magnet fixed to an inner peripheral surface of a peripherél
wall of the crank pulley, and a stator having a coil fixed
to an outer surface of a chain cover. Thus, the starter motor
for automatically carrying out the restarting of the engine

after stopping of the engine can be laid out compactly.
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SPECIFICATION

ENGINE-STARTING AND STOPPING SYSTEM IN VEHICLE

FIELD OF THE INVENTION

The present invention relates to a vehicle provided
with an automatically engine-starting and stopping means for
automatically stopping an engine, when predetermined engine-
starting conditions have been established, and for
automatically starting the engine, when predetermined engine-
starting conditions have been established.
BACKGROUND ART

A conventional vehicle using an engine as a traveling
drive source suffers from the following problem: The engine
once started is not stopped, unless a driver turns off an
ignition switch. Therefore, for example, while the driver is
walting at traffic lights, a wasteful idling operation in the
engine is continued to wastefully consume the fuel. To avoid
this problem, every time the vehicle is stopped, the driver
may turn off the ignition switch to stop the engine. 1In such
a case, however, the driver must repeat the starting and
stopping of the engine and hence, the operation is extremely
troublesome.

Therefore, there is a conventionally proposed engine-
starting and stopping system in a vehicle, which is designed
so that when the vehicle is stopped, an engine is stopped

somatically, and when a driver’s intent to start
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the vehicle has been detected in such state, a starter motor
is operated automatically to start the engine, thereby
providing a reduction in amount of fuel consumed (for example,
see Japanese Utility Model Application Laid-open No.58-
142378).

The conventional starter motor of the engine for the
vehicle is operable to start the engine by bringing a ring
gear provided around an outer periphery of a flywheel mounted
in a transmission into meshed engagement with a pinion and
hence, the conventional vehicle suffers from a problem that
the size of the transmission is increased to ensure a space
for mounting of the starter motor.

DISCLOSURE OF THE INVENTION

The present invention has been accomplished with the
above circumstances in view, and it is an object of the present
invention to lay out as corﬁpact as possible a starter motor
and generator for automatically restating the engine after
stopping of the engine. .

To achieve the above object, according to the present
invention, there is provided an engine-starting and stopping
system in a vehicle including an automatically engine-
starting and stopping means for automatically stopping an
engine, when predetermined engine-stopping conditions have
been established, and for automatically starting the engine,
when predetermined engine-starting conditions have been

established, characterized in that the engine-starting and
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stopping system is comprised of a starter motor and generator
forstartingtheengine,thestartermotorandgeneratorbeing
accommodated within a pulley mounted on a crankshaft of the
engine.

With the above arrangement, the starter motor and
generator for automatically starting the engine which has
been stopped is accommodated within the pulley mounted on the
crankshaft of the engine. Theréfore, it is possible to
suppress, to the minimum, the increase in size of the engine
or the transmission due to the mounting of the starter motor
and generator.

In addition to the above arrangement, there is provided
an englne-starting and stopping system in a vehicle, wherein
the starter motor and generator includes a coll forming a
stator, and a permanent magnet forming a rotor, the permanent
magnet being mounted on an inner peripheral surface of the
pulley which is formed into a hollow shape to cover one side
surface and an outer peripheral surface of the coil, so that
the permanent magnet is opposed to the outer peripheral
surface of the coil.

With the above arrangement, the permanent magnet is
mounted on the inner peripheral surface of the pulley which
is formed into a hollow shape to cover one side surface and
an outer peripheral surface of the coil, so that the permanent
magnet is opposed to the outer peripheral surface of the coil.

the starter motor and generator can be
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accommodated compactly within the pulley without provision
of special spaces for mounting them in the engine and the
transmission.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs.l to 7 show a first embodiment of the present
invention, wherein Fig.l1 is a view of an in-line type
multi-cylinder engine, taken in an axial direction of a
crankshaft; Fig.2 is an enlarged view of an essential portion
of Fig.1l; Fig.3 is a sectional view taken along a line 3-
3 in Fig.2; Fig.4 is a block diagram of a control system for
the engine; Fig.5 is a diagram for explaining conditions for
stopping the idling of the engine; Fig.6 1s a diagram for
explaining conditions for restarting the engine; Fig.7 is a
time chart for explaining the operation. Figs.8 to 13 show
a second embodiment of the present invention, wherein Fig.é
is a block diagram of a control system for an engine; Fig.9
is a diagram for explaining conditions for continuing a
decelerating fuel-cut operation; Fig.10 is a diagram for
explaining conditions for canceling the fuel-cut operation;
Fig.1ll is a diagram for explaining conditions for stopping
the idling of the engine; Fig.12 is a diagram for explaining
conditlons for restarting the engine; and Fig.13 is a time
chart for explaining the operation according to the second
embodiment.
BEST MODE FOR CARRYING OUT THE INVENTION

The mode for carrying out the present invention will
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now be described by way of embodiments shown in | the
accompanying drawings.

Figs.l to 7 show a first embodiment of the present
invention.

As shown in Fig.1l, an auxiliary part-mounting bracket
2 is fixed to a side of a cylinder block 1 ,Of an in-line type
multi-cylinder engine E mounted in a vehicle, and an oil pump
3 for a power-steering operation, an auto-tensioner 4, an
alternator 5, an engine-cooling water pump 6 and an air-
conditioning compressor 7 are fixed to the auxiliary
part-mounting bracket 2. A single endless belt 15 is wound
around a crank pulley 9 mounted at an end of a crankshaft 8
of the engine E (at an end opposite from a transmission), an
0il pump pulley 10 mounted in the oil pump 3, a tensioner pulley
11 mounted on the auto-tensioner 4, an alternator pulley 12
mounted in the alternator 5, a water pump pulley 13 mounted
in the water pump 6 and a compressor pulley 14 mounted in the
compressor 7. Thus, a driving force of the crankshaft 8 is
transmitted to the oil pump 3, the alternator 5, the water
pump 6 and the compressor 7 by the endless belt 15, and a
tension is provided to the endless belt 15 by the auto-
tensioner 4.

The tensioner pulley 11 and the water pump pulley 13

are driven by a back of the endless belt 15. By using the

single endless belt 15 and utilizing the back of the endless
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be disposed closely to one another and compactly, and also
the angle of winding of the endless belt 15 around each of
the pulleys 10 to 14 can be ensured sufficiently to reliably
drive the auxiliary parts 3 to 7.

As can be seen from Figs.2 and 3, a cam shaft driving
sprocket 21 and a balancer shaft driving sprocket 22
integrally formed with each other are fixed to the crankshaft
8 protruding from the cylinder block 1. An endless chain 23
wound around the cam shaft driving sprocket 21 and an endless
chain 24 wound around the balancer shaft driving sprocket 22
are covered with a chain cover 25 fixed to the cylinder block
1.

A boss 26 of the crank pulley 9 is fitted over and fixed
by a bolt 27 to the end of the crankshaft 8 protruding from
the chain cover 25. An annular peripheral wall 29 is
integrally formed at an outer end of a disk-shaped sidewall
28 extending radially from the boss 26 of the crank pulley
9, and a pulley groove 29; is defined in an outer peripheral
surface of the peripheral wall 29, so that the endless belt
15 is engaged in the pulley groove 29,. An annular space is
defined within the crank pulley 9 and surrounded by the
sidewall 28 and the peripheral wall 29, and a starter motor
and generator M is accommodated in the space.

The starter motor and generator M includes a plurality

of permanent magnets 30 fixed along an inner peripheral
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permanent magnets 30 form a rotor of the starter motor and
generator M. A plurality of coils 32 are wound around cores
31, respectively and fixed to an outer surface of the chain
cover 25 by bolts 33 to surround the periphery of the
crankshaft 8. The colls 32 form a stator of the starter motor
and generator M, and have outer peripheral surfaces opposed
to inner peripheral surfaces of the permanent magnets 30 with
a small air gap left therebetween.

A plate-shaped mounting bracket 34 is fixed to an outer
surface of the chain cover 25 by three bolts 35, and three
rotational speed sensors 36 aré fixed to the mounting bracket
34 by bolts 37, respectively. A disk 39 fixed to the sidewall
28 of the crank pulley 9 by bolts 38 is provided at its outer
periphery with a plurality of portions 40 to be detected by
the rotational speed sensors 36.

Thus, if the coils 32 of the starter motor and generator
M are deexcited, the crank pulley 9 only functions as a mere
pulley. However, an attracting force and a repelling force
are applied to the permanent magnets 30 by alternately
exciting the coils 32 at a predetermined timing to rotate the
crank pulley 9 to crank the crankshaft 8, thereby restarting
thé stopped engine E. When the crankshaft 8 is rotated by
a driving force transmitted from a driving wheel back to the
engine E during braking of the vehicle, the starter motor and

generator M functions as a generator to generate a




As described above, the starter motor and generator M
for starting the engine E is accommodated in the crank pulley
9, and hence, the increases in sizes of the engine E and the
transmission due to the mounting of the starter motor and

5 generator M can be suppressed to the minimum, and the engine
E and the transmission can easily be mounted in an engine room.

In the present embodiment, the engine E is subjected

to controls (an 1dle stopping control and a restarting
} control) for stopping the engine E automatically upon
10 stopping of the vehicle in order to reduce the amount of fuel
consumed and for restarting the engine E automatically upon
starting of the vehicle. However, only the starting of the
engine E by turning on an ignition switch is carried out by
a conventional starter motor (not shown) mounted on the
15 transmission. A general-purpose battery of 12 V for
supplying electric power to a head light, an air-conditioner,
an audio-set and the like is used for a power source for the
I conventional starter motor, but an exclusive battery of 36
V different from the general-purpose battery is used for the

20 starter motor and generator M in this embodiment.

The contents of a decelerating fuel-cut control and a
control of the stopping and starting of the engine E of the
vehicle including a continuously variable automatic
transmission (CVT) will be described below.

25 As shown in Fig.4, connected to an electronic control
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stopping means are a vehicle speed sensor S; for detecting
a vehicle speed, a throttle opening degree sensor S, for
detecting a throttle opening degree, an engine water-
temperature sensor S; for detecting a temperature of water
in the engine, an engine intake air-temperature sensor S, for
detecting a temperature of intake air in the engine, an
ignition switch S5, an air-conditioner clutch switch S¢ for
controlling the operation of an air-conditioner clutch, a
brake switch S; for detecting the operation of a brake pedal,
a shift range sensor Sg for detecting a shift range in the
automatic transmission, a battery remaining-capacity sensor
Sy for detecting a remaining capacity of> the battery for
driving -the starter motor and generator M, and a
negative-pressure sensor §S;, for detecting a negative
pressure in a vacuum booster for a brake device. Input to
the electronic control unit U is a signal indicative of the
completion of preparation of the CVT, namely, a signal
indicating that the ratio of the CVT has been returned to a
LOW range and a CVT starting clutch has been turned off, in
addition to signals from the sensors and switches S, to Sj.
The decelerating fuel-cut control and the control of the
stopping and starting of the engine E are carried out based
on these signals.

When the vehicle is brought into a decelerated state

during traveling, cut-off of the fuel supplied to the engine

==xF (a decelerating fuel-cut operation) is carried out, leading
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to a reduction in amount of fuel consumed. If a driver does
not have intent to stop the vehicle at that time, the supplying
of the fuel is restarted so that the engine E is not stopped
at the time when the engine speed is reduced to a fuel-cut
canceling speed. If the driver has intent to stop the vehicle,
the fuel-cut operation is continued to stop the engine E (stop
the idling) in a case where predetermined conditions have been
established, in order to avoid the consumption of the fuel
due to an idle operation during stopping of the vehicle.

When the driver has released his foot from the brake
pedal during the decelerating fuel-cut operation of the
vehicle to turn off the brake switch S,;, or when the driver
has depressed down an accelerator pedal to bring the throttle
opening degree detected by the throttle opening degree sensor
S, from a fully-closed level to an opened level, it is
determined that the driver does not have intent to stop the
vehicle, whereby the canceling of the fuel-cut operation is
carried out. On the other hand, when conditions shown in
Fig.5 have been established, the decelerating fuel-cut
operation is continued without canceling of the fuel-cut
operation, and the idling of the engine E is stopped
simultaneously with the stopping of the vehicle.

Flg.5 shows conditions for stopping of the idling of
the engine E. More specifically, the 1dling of the engine
E is stopped without canceling of the fuel-cut operation, when

the brake switch S; is in a turned-on state, the CVT is in
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a preparation-completed state (a state in which the ratio has
been returned to LOW and the starting clutch has been turned
off) and in addition, the remaining capacity of the battery
detected by the battery remaining-capacity sensor S, is 25 %
5 or more to permit the driving of the starter motor and

generator M; the temperature of water in the engine detected
by the engine water-temperature sensor S; is 53°C or more and
. hence, the warming of the engine E has been completed; the

temperature of an intake air in the engine detected by the

ssee
e
)
.
.
.

10 engine intake-air temperature sensor S; ranges from 10°C to

oo
.
s
¢ e
. .
ve

.
.

40°C and hence, the battery can exhibit a performance

sufficiently; the shift range detected by the shift range

sese wose
-
.

se

sensor Sz 1is a “D” range or an “N” range; the throttle
opening degree detected by the throttle opening degree sensor

'e***0 15 5, is a value indicative of a fully-opened state; the driver

t" does not have intent to accelerate the vehicle, and the air-
':3,5 conditioner clutch switch S; has already been turned off, and

there is not a possibility that the air-conditioner which is
in operation might be stopped by the stopping of the idling;
‘e *et 20 the vehicle speed detected by the vehicle speed sensor §,;
after restarting of the engine E has once become 15 km/hr or
more; and the negative pressure in the vacuum booster
detected by the negative pressure sensor $;, is -250 mmHg or

less in a gauge pressure to ensure the operation of the brake

The reason why the stopping of the idling is not carried

before the vehicle speed once becomes 15 km/hr or more
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after restarting of the engine E is for the purpose of
preventing the stopping of the idling from being carried out
at a short time interval when the vehicle must be started and
stopped repeatedly due to a traffic snarl or the like.
Fig.6 shows conditions for restarting the engine E
during stopping of the 1dling. When the driver has released
his foot from the brake pedal to turn off the brake switch
S;, it is determined that the driver has intent to start the
vehicle, whereby the starter motor and generator M is driven
unconditionally to restart the engine E. Even if the brake
switch S; has been turned on, when the shift range of CVT has
been operated to any of travel ranges; when the throttle
opening degree has been brought to a value indicative of an
opened state from a value indicative of a fully-closed state;
when the vehicle has been started to move on a slope or the
like after stopping thereof to reacha vehicle speed of 3 km/hr
or more; when the negative pressure in the vacuum booster has
become -250 mmHg or more in a gauge pressure and hence, it
is necessary to lower the gauge pressure by the intake
negative pressure of the engine E; or when the remaining
capaci'f:y of the battery has becomes 25 % or less and hence,
there is a possibility that the starter motor and generator
M could not be driven, it is determined that the driver has
intent to start the vehicle, or it is determined that the
starting of the engine E becomes necessary, whereby the

RAZS
sté‘c-;t\er motor and generator M is driven to restart the engine
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Fig.7 shows one example of the above-described
idling-stopping and restarting of the engine in a time chart.

The control of an engine E of a vehicle including a
manual transmission according to a second embodiment of the
present invention will be described below w_ith reference to
Figs.8 to 13.

As shown in Fig.8, the following sensors and switches
are connected to an electronic control unit U for governing
the controlling of the stopping and starting of the engine
E of the vehicle including the manual transmission: a vehicle
speed sensor S;; a throttle opening degree sensor S;; an engine
water-temperature sensor Sj;; an engine intake air-
temperature sensor S;; an ignition switch S;; an air-
conditioner clutch switch Sgs; a brake switch S;; a gear
position sensor Sy’ for detecting a gear position of the manual
transmission; a battery remaining capacity sensor Sy; a
negative pressure sensor S;p; and a clutch switch S;; for
detecting the operation of a clutch pedal. As can be seen
by comparison of Fig.8 with Fig.4 showing the electronic
control unit in the automatic transmission (CVT), the
electronic control unit U shown in Fig.8 is different from
the electronic control unit shown in Fig.4 in points of that

the gear position sensor Sg' for detecting the gear position

of the manual transmission is connected thereto in place of
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S;1; is connected thereto, and that a signal indicative of the
completion of the preparation of the CVT is not input thereto.
The other structure of the electronic control unit U shown
in Fig.8 is the same as in the electronic control unit U shown
in Fig.4.

When the vehicle is brought into a decelerated state
during traveling thereof, cut-off of the fuel supplied to the
engine E (a decelerating fuel cut operation) is carried out
to reduce the amount of fuel consumed. When it is determined
that such deceleration is not temporary and is intended to
stop the vehicle, the supplying of the fuel is not restarted
even if the engine speed is reduced to a fuel-cut canceling
speed, and the fuel-cut operation is continued.

Fig.9 shows conditions for continuing the fuel-cut
operation. More specifically, when the driver's intent to
stop the vehicle is confirmed from conditions that the
deceleration of the vehicle calculated from the vehicle speed
detected by the vehicle speed sensor S; is 0.5 G or more, that
the depression of the clutch pedal at an idling speed or less
of the engine E has been detected by the clutch switch S;;,
that a gear position other than a first-gear position has been ‘
detected by the gear position sensor Sg’', and that the
depression of the brake pedal has been detected by the brake
switch S;, the fuel-cut operation is continued, if the
following preconditions are further established:

When the remaining capacity of the battery detected
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by the battery remaining-capacity sensor S; is 25 % or more
to permit the driving of the starter motor and generator M;
the temperature of water in the engine detected by the engine
water-temperature sensor S; is 53°C or more to indicate that
the warming of the engine E has been completed; the
temperature of intake air in the engine detected by the engine
intake air-temperature sensor S, ranges from 10°C to 40°C,
whereby the battery can exhibit the performance sufficiently;
the gear position detected by the gear position sensor Sg’
is other than a reverse position; the throttle opening degree
detected by the throttle opening degree sensor S, is a value .
indicative of a fully-closed state; the air-conditioner
clutch switch S¢ has already been turned off, whereby there
is not apossibility that the operation of the air-conditioner
might be stopped by the stopping of the engine E; and the
vehicle speed detected by the vehicle speed sensor S; is 30
km/hr or less, the fuel-cut operation is continued as it is.
Fig.10 shows conditions for canceling the fuel-cut
operation during continuation of the decelerating fuel-cut
operation. When the depression of the clutch pedal has been
detected by the clutch switch S;;, or the neutral gear poéition
has been detected by the gear position sensor Sg’, and in
addition, the gear change has been detected by the gear

position sensor Sg’, it has been detected by the throttle

opening degree sensor S; that the throttle opening degree has
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from the value indicative of the fully-closed state, the
releasing of the brake pedal has been detected by the brake
switch Sy, it has been detected by the negative pressure sensor
S10 that the negative pressure in the vacuum booster for the
brake device has become -250 mmHg or more in a gauge pressure,
or the remaining capacity of the battery detected by the
battery remaining capacity sensor Sy is 25 % or less, the
canceling of the fuel-cut operation is carried out, so that
the engine E 1is not stopped.

Fig.11l shows conditions for carrying out the stopping
of the idling to stop the engine E when the vehicle speed has
been reduced to 0 (zero) by the continuation of the
decelerating fuel-cut operation. When the gear position is
neutral, or the driver has depressed the clutch pedal to
provide a gear position other than the first-gear position,
and the vehicle speed detected by the vehicle speed sensor
S, after restarting of the engine E has once become 3 km/hr
or more, and it is confirmed that the driver does not have
intent to start the vehicle, the stopping of the idling is
continued, if the following preconditions are further
established:

When the remaining capacity of the battery is 25 % or

more, the temperature of water in the engine is 53°C or more,

the temperature of intake air in the engine ranges from 10°C

to 40°C, the gear position is other than the reverse position,




10

15

20

17

fully-closed state, the air-conditioner clutch switch S¢ has
aiready been turned off, and the vehicle speed is 3 km/hr or
less, the stopping of the idling is carried out. It is the
condition for stopping the idling that the vehicle speed once
becomes 3 km/hr or more. Therefore, before the engine E is
restarted to start the vehicle, the idling of the engine E
is not stopped again.

Fig.12 shows conditions for restarting the engine E
during stopping of the idling. . When the clutch pedal has been
depressed, or the gear position is neutral and in addition,
when the gear change is detected, when the throttle opening
degree has been brought into the value indicative of the
opened state from the value indicative of the fully-closed
state, when the vehicle speed has become 3 km/hr or more after
the stopping of the vehicle, when a pumping braking has been
conducted to consume the negative pressure in the vacuum
booster, when the negative pressure in the vacuum booster for
the brake device has become -250 mmHg or more in a gauge
pressure, or when the remaining capacity of the battery is
25 % or less, the starter motor and generator M is driven to
restart the engine E.

i"ig.13 shows one example of the above-described
idling-stopping and restarting of.the engine in a time chart.

Although the embodiments of the present invention have
been described in detail, it will be understood that various

modifications in design may be made without departing from
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the subject matter of the invention.

For example, the CVT has been illustrated as the
automatic transmission in the embodiments, but the present
invention is applicable to a multi-stage automatic

5 transmission.
INUSTRIAL APPLICABILITY

As described above, the engine-starting and
stopping system according to the present invention is
applicable to any automobile using as a power source an

10 engine including a starter motor which also serves as a

generator.

In this specification, except where the context
requires otherwise, the words “comprise”, “comprises”, and
“comprising” mean “include”, “includes” and “including”,

15 respectively. That is, when the invention is described or
defined as comprising specified features, various
embodiments of the same invention may also include
additional features.

It is to be understood that, if any prior art

20 publication is referred to herein, such reference does not
constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia

or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An engine-starting and stopping system in a
vehicle, including an automatically engine-starting and
stopping means for automatically stopping an engine, when
predetermined engine-stopping conditions have been
established, and for automatically starting the engine,
when predetermined engine-starting conditions have been
established,

characterized in that said engine-starting and
stopping system is comprised of a starter motor and
generator for starting the engine, said starter motor and
generator being accommodated within a pulley mounted on a

crankshaft of the engine.

2. An engine-starting and stopping system in a
vehicle according to Claim 1, wherein said starter motor
and generator includes a coil forming a stator, and a
permanent magnet forming a rotor, said permanent magnet
being mounted on an inner peripheral surface of the pulley
which is formed into a hollow shape such that one side
surface and an outer peripheral surface of said coil are
covered by said pulley and said permanent magnet is

opposed to the outer peripheral surface of said coil.

3. An engine-starting and stopping system in a
vehicle, substantially as hereinbefore described with

reference to the accompanying drawings.

Dated this 7th day of February 2003
HONDA GIKEN KOGYO KABUSHIKI KAISHA
By their Patent Attorneys

GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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