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(57) Abrége/Abstract:

An automatic stop and start control system for a multiple-cylinder internal combustion engine mounted on a vehicle Is disclosed.
The automatic stop and start control system performs a control for automatically stopping and restarting the engine according to
operating conditions of the vehicle and the engine. Fuel is provided to at least one of the cylinders of the engine when an engine
stop condition for stopping the engine Is satisfied. Subseqguently, the fuel supply to all of the cylinders of the engine Is stopped.
The fuel supply to at least one of the cylinders Is iImmediately carried out at the time an engine restart condition for restarting the
engine Is satisfied.
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ABSTRACT OF THE DISCLOSURE

An automatic stop and start control system for a multiple-cylinder
internal combustion engine mounted on a vehicle i1s disclosed. The
automatic stop and start control system performs a control for automatically
stopping and restarting the engine according to operating conditions of the
vehicle and the engine. Fuel is provided to at least one of the cylinders of
the engine when an engine stop condition for stopping the engine is satisfied.
Subsequently, the fuel supply to all of the cylinders of the engine is stopped.
The fuel supply to at least one of the cylinders is immediately carried out at

the time an engine restart condition for restarting the engine is satisfied.
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AUTOMATIC STOP AND START CONTROL SYSTEM
FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an automatic stop and start control
system for an internal combustion engine mounted on a vehicle, which
controls automatically stopping and restarting the engine, when the vehicle is
stopped (an idle stop control for stopping unnecessary idling of the engine).
Description of the Related Art

[0002] A hybrid vehicle employs an internal combustion engine and an
electric motor in combination. A conventional technique for idle stop control
is known. When restarting the engine with the conventional technique, the
motor is first operated to perform cranking and the engine is started at the
time the engine rotational speed becomes a starting rotational speed
(Japanese Patent Laid-open No. 2000-204997).

[0003} In the technique described in the above publication, the starting
rotational speed is set to a value which decreases with an increase in the
required drive force. Thus, when the required drive force increases, the
engine is started earlier. Accordingly, when the driver of the vehicle
depresses an accelerator pedal immediately after starting of the engine, the
engine is restarted earlier.

[0004] But in some circumstances, it is preferable to perform engine
restarting as quickly as possible irrespective of the magnitude of the required
drive force to reduce the load on the motor in the hybrid vehicle. In the case
of performing the idle stop control in a normal vehicle driven by only an
internal combustion engine, the engine restarting must be performed as
quickly as possible. For example, when the removal of a depression force
applied to a brake pedal is detected, it may be determined that the driver
intends to start the vehicle.

[0005]
in the prior art, which is directed to a four-cylinder internal combustion engine.

FIGS. 12A to 12E are time charts illustrating engine restart control
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FIG. 12A shows the strokes in the four cylinders (#1, #2, #3, and #4 cylinders).
FIG. 12B shows an output from a brake switch for detecting the condition of a
brake (the low level in FIG. 12B indicates the release of the brake). FIG.
12C shows TDC pulses generated immediately before the piston in each
cylinder reaches a top dead center. FIGS. 12D and 12E respectively show

drive control signals for fuel injection valves and ignition signals for four

cylinders.

[0006] When the brake is released and a starter motor is operated to start
cranking the engine, simultaneous injections of fuel into the four cylinders is
carried out after generation of the first TDC pulse P11. At this time, the fuel
is first introduced into the #4 cylinder on the intake stroke, and is next ignited
by a spark generated by a spark plug for the #4 cylinder in the explosion
(combustion) stroke after the compression stroke, thus generating the first
explosion. When contemplating the #4 cylinder in which the first explosion is
generated, this cylinder is on the exhaust stroke during stoppage of the
engine, and shifts to the intake stroke after starting the cranking, via the
compression stroke, to reach the explosion stroke. That is, about one and
half revolutions of a crankshaft are required until the first explosion is
generated after starting the cranking, and the first explosion is generated after
the generation of three TDC pulses P11, P12, and P13.

[0007] FIG. 13 is a time chart showing changes in engine rotational speed
and generation of TDC pulses, when actually starting the engine using the
control method shown in FIGS. 12A to 12E. As understood from FIG. 13, the
first explosion is generated after generating three TDC pulses after starting
the cranking.

[0008] It is preferable, however, to restart the engine after the idle stop as
quickly as possible. Thus, further improvement is desired.

SUMMARY OF THE INVENTION

10009] It is accordingly an object of the present invention to provide an
automatic stop and start control system for an internal combustion engine,

which can restart the engine quicker than the prior art.
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[0010] To attain the above object, the present invention provides an
automatic stop and start control system for a multiple-cylinder internal
combustion engine mounted on a vehicle. The control system controls
automatically stopping and restarting the engine according to operating
conditions of the vehicle and the engine. The control system includes fuel
supply stop control means and fuel supply start control means. The fuel
supply stop control means provides fuel to at least one of the cylinders of the
engine when an engine stop condition for stopping the engine is satisfied.
And then stops the fuel supply to all of the cylinders of the engine. The fuel
supply start control means immediately supplies fuel to at least one of the
cylinders at the time an engine restart condition for restarting the engine is
satisfied.

[0011] With this configuration, the fuel supply is provided to at least one of
the cylinders of the engine when the engine stop condition is satisfied, and
subsequently the fuel supply to all of the cylinders of the engine is stopped.
Thereafter, at the time the engine restart condition is satisfied, fuel is
immediately supplied to at least one of the cylinders of the engine. By
providing the fuel supply to at least one cylinder upon stoppage of the engine,
the combustion (first explosion) is carried out by the first ignition pulse upon
restart of the engine, and by supplying fuel at the beginning of restart of the
engine, the combustion by the second ignition pulse is subsequently carried
out. Accordingly, the first explosion can be generated earlier and the engine
restarted quicker than in the prior art.

[0012] Preferably, when the engine stop condition is satisfied, the fuel
supply stop control means first stops the fuel supply to a first predetermined
number of cylinders and then provides fuel to at least one cylinder.

[0013] In the above configuration, "the first predetermined number" is set
so that the at least one cylinder to which the fuel is supplied stops in the
compression stroke when the engine is stopped. Specifically, the first
predetermined number is set to "2" for a four-cylinder engine. This number is

also set to "2" for six-cylinder or eight-cylinder engines. That is, the first
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predetermined number is set to a fixed value regardless of the number of
cylinders.

[0014] With this configuration, the fuel supply to the first predetermined
number of cylinders is first stopped when the engine stop condition is satisfied.
Then the fuel supply is provided to the at least one cylinder. Accordingly, the
engine can be reliably stopped, and the emission of unburnt fuel can be
prevented.

[0015] Preferably, the control system further includes ignition control
means for first carrying out ignitions of a second predetermined number of
cylinders when the engine stop condition is satisfied, and then suspending the
subsequent ignition.

[0016] In the above configuration, "the second predetermined number" is
set to the number of such cylinders that the fuel is supplied before the engine
stop condition is satisfied and the ignition timing comes after the engine stop
condition is satisfied. Specifically, the second predetermined number is set
to "2" for a four-cylinder engine, "3" for a six-cylinder engine, and "4" for an
eight-cylinder engine.

[0017] With this configuration, the ignition to the second predetermined
number of cylinders is carried out when the engine stop condition is satisfied,
and the subsequent ignition is suspended. Accordingly, the fuel supplied
before the engine stop condition is satisfied, can be reliably burned, and
unnecessary ignitions after the engine stop condition is satisfied, can be
prevented.

[0018]) Preferably, the vehicle has a motor capable of rotationally driving
an output shaft of the engine and performing a regenerative operation for
converting rotational energy of the output shaft into electrical energy. The
control system further includes regeneration control means for performing the
regenerative operation of the motor when the engine stop condition is
satisfied.

[0019] With this configuration, the regenerative operation of the motor is
performed when the engine stop condition is satisfied. Accordingly, the
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engine can be stopped earlier by a braking effect due to the regenerative
operation.

[0020] Preferably, the fuel supply start control means includes fuel
amount control means for decreasing a fuel amount to be supplied to the
engine as compared with the fuel amount in normal control, during a first
predetermined time period from the time the engine restart condition is
satisfied.

[0021] With this configuration, the fuel amount to be supplied to the
engine is decreased as compared with that in normal control during the first
predetermined time period from the time the engine restart condition is
satisfied. Accordingly, the air-fuel ratio of an air-fuel mixture to be supplied to
the at least one cylinder is controlied to be leaner than that in normal controil.
Thus, self-ignition can be reliably prevented, and the air-fuel mixture suppiied
can be reliably ignited upon restarting the engine.

[0022] Preferably, the control system further includes retard control means
for retarding an ignition timing of the engine from the ignition timing in normal
control, during a second predetermined time period from the time a rotational
speed of the engine equals or exceeds a predetermined rotational speed
when restarting the engine.

[0023] With this configuration, the ignition timing of the engine is retarded
from that in normal control during the second predetermined time period from
the time the rotational speed of the engine equals or exceeds the
predetermined rotational speed when restarting the engine. Accordingly, the
output from the engine can be suppressed to thereby prevent a rapid increase
in the engine rotational speed.

[0024] Preferably, the engine is provided with intake air amount increasing
means for increasing an intake air amount to the engine. The control system
further includes air-fuel ratio adjusting means for increasing the intake air
amount by operating the intake air amount increasing means after the engine
stop condition is satisfied.

[0025] With this configuration, the intake air amount is increased by the

intake air amount increasing means after the engine stop condition is satisfied.
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Accordingly, the air-fuel ratio of an air-fuel mixture to be supplied to the at
least one cylinder is controlled to be leaner than that in normal control. Thus,
self- ignition can be reliably prevented, and the air-fuel mixture supplied can
be reliably ignited upon restarting the engine.

[0026] More preferably, the control system further includes inhibiting
means for inhibiting an operation of the intake air amount increasing means
during a third predetermined time period from the time the engine restart
condition is satisfied.

[0027] With this configuration, the operation of the intake air amount
increasing means is inhibited during the third predetermined time period from
the time the engine restart condition is satisfied, so that the intake air amount
is not increased. Accordingly, the engine output can be suppressed to
thereby prevent a rapid increase in the engine rotational speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a diagram showing a schematic configuration of a drive
system for a vehicle according to a preferred embodiment of the present
invention;

[0029] FIG. 2 is a diagram showing a schematic configuration of a control
system for an internal combustion engine, including an automatic stop and
start control system for the engine;

[0030] FIG. 3 is a diagram showing a schematic configuration of a control
system for a motor shown in FIG. 1;

[0031] FIGS. 4A to 4F are time charts for illustrating an engine stop
control; .

[0032] FIGS. 5A to S5E are time charts for illustrating an engine restart
control;

[0033] FIGS. 6A to 6G are time charts for illustrating an operation when
restarting the engine and also illustrating a control for preventing a rapid
increase in the engine rotational speed,;

[0034] FIGS. 7A to 7D are flowcharts of the engine stop control;

[0035] FIG. 8 is a flowchart of a fuel injection control in the engine restart

control;
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[0036] FIGS. 9A, 9B, and 9C are flowcharts of an ignition timing control,
an idle control valve control, and a motor control in the engine restart control,
respectively;

[0037] FIGS. 10A to 10H are time charts for illustrating the engine stop
control and the engine restart control;

[0038] FIG. 11 is a time chart showing changes in the engine rotational
speed when restarting the engine;

[0039] FIGS. 12A to 12E are time charts for illustrating the engine restart
control in the prior art; and

[0040] FIG. 13 is a time chart showing changes in the engine rotational
speed when performing engine restart by applying the conventional control.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0041] A preferred embodiment of the present invention will now be
described with reference to the drawings.

[0042] FIG. 1 shows a schematic configuration of a drive system for a
vehicle according to a preferred embodiment of the present invention. The
vehicle according to the preferred embodiment is a so-called hybrid vehicle
having an internal combustion engine (which will be hereinafter referred to as
‘engine”) 1 and a motor 3. A drive shaft 2 is driven by the engine 1 to drive a
drive wheel 5 through a transmission 4. The motor 3 is mounted so that it
can directly rotate the drive shaft 2. The motor 3 has a regenerating function
that converts kinetic energy from the rotation of drive shaft 2 into electrical
energy and outputs the electrical energy. In this preferred embodiment, the
motor 3 has a crank pulley (not shown) for driving auxiliaries. With this
arrangement, the space for mounting the motor 3 can be reduced.

[0043] FIG. 2 shows a schematic configuration of a control system for the
engine 1. This system includes an automatic stop and start control system
for the engine 1. The engine 1 may be a four-cylinder engine. The engine
has an intake pipe 12 provided with a throttle valve 13. A throttle valve
opening (THA) sensor 14 is connected to the throttle valve 13, so as to oUtput
an electrical signal corresponding to a throttle valve opening of the throttle
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valve 13 and supply the electrical signal to an electronic control unit for engine
control (which will be hereinafter referred to as "FI/AT-ECU") 15.

[0044] A bypass passage 26 bypassing the throttle valve 13 is connected
to the intake pipe 12. The bypass passage 26 is provided with an idie control
valve 27 for controlling the amount of air to be supplied through the bypass
passage 26 to the engine 1. The idle control valve 27 is connected to the
FI/AT-ECU 15, and its valve opening amount is controlled by the FI/AT-ECU
15.

[0045] A fuel injection valve 16 is provided for each cylinder so as to inject
fuel into the intake pipe 12. Each fuel injection valve 16 is connected to a
fuel pump (not shown), and electrically connected to the FI/AT-ECU 15. A
valve opening period of each fuel injection valve 16 is controlled by a signal
output from the FI/AT-ECU 15.

[0046] An absolute intake pressure (PBA) sensor 17 is provided
immediately downstream of the throttle valve 13. An electrical signal
indicative of an absolute intake pressure is supplied from the absolute intake
pressure sensor 17 to the FI/AT-ECU 15. An intake air temperature (TA)
sensor 18 is provided downstream of the absolute intake pressure sensor 17
to detect an intake air temperature TA. An electrical signal corresponding to
the detected intake air temperature TA is output from the sensor 18 and
supplied to the FI/AT-ECU 15.

[0047] An engine coolant temperature (TW) sensor 19 such as a
thermistor is mounted on the body of the engine 1 to detect an engine coolant
temperature (cooling water temperature) TW. A temperature signal
corresponding to the detected engine coolant temperature TW is output from
the sensor 19 and supplied to the FI/AT-ECU 15.

[0048] Each cylinder of the engine 1 is provided with a spark plug 21.
Each spark plug 21 is connected to the FI/AT-ECU 15. An ignition timing of
each spark plug 21 is controlled by the FI/AT-ECU 15.

[0049] A crank angle position sensor 20 for detecting a rotational angie of
a crankshaft (not shown) of the engine 1 is connected to the FI/AT-ECU 15,

and a signal corresponding to the detected rotational angle of the crankshaft
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iIs supplied to the FI/AT-ECU 15. The crank angle position sensor 20
consists of a cylinder discrimination sensor, a TDC sensor, and a CRK sensor.
The cylinder discrimination sensor outputs a puise at a predetermined crank
angle position for a specific cylinder of the engine 1 (this pulse will be
hereinaﬁer referred to as "CYL pulse”). The TDC sensor outputs a TDC
pulse at a crank angle position before a top dead center (TDC) by a
predetermined crank angle starting at an intake stroke in each cylinder (at
every 180 deg crank angle in the case of a four-cylinder engine). The CRK
sensor generates one pulse with a constant crank angle period (e.g., a period
of 30 deg) shorter than the period of generation of the TDC pulse (this pulse
will be hereinafter referred to as "CRK pulse”). Each CYL pulse, TDC pulse,
and CRK pulse is supplied to the FI/AT-ECU 15. These pulses are used to
control various timings such as fuel injection timing and ignition timing and for
detection of an engine rotational speed NE.

[0050] An exhaust pipe 22 of the engine 1 is provided with a three-way
catalyst 25 for removing components such as HC, CO, and NOx in exhaust
gases. An oxygen concentration sensor 24 is mounted on the exhaust pipe
22 at a position upstream of the three-way catalyst 25. The oxygen
concentration sensor 24 outputs a detection signhal corresponding to the
oxygen concentration in the exhaust gases, and supplies the detection signal
to the FI/AT-ECU 15.

[0051] A vehicle speed sensor 31 detects a running speed (vehicle
speed) VP of the vehicle driven by the engine 1. A vehicle speed signal from
the vehicle speed sensor 31 is supplied to the FI/AT-ECU 15. Further, a
brake switch 32 detects that a brake pedal (not shown) in the vehicle is
depressed. An output signal from the brake switch 32 is supplied to the
FI/AT-ECU 15.

[0052] The FI/AT-ECU 15 includes an input circuit having various
functions. These functions include: 1) a function of shaping the waveforms
of input signals from the various sensors; 2) a function of correcting the
voltage leveis of the input signals to a predetermined level; and 3) a function
of converting analog signal values into digital signal values. The FI/AT-ECU
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further includes a central processing unit (which will be hereinafter referred to
as "CPU"), a memory circuit, and an output circuit. The memory circuit
preliminarily stores various operational programs to be executed by the CPU
and the results of computation or the like obtained by the CPU. The output
circuit supplies drive signals to the fuel injection valves 16, the idle control
valve 27, etc.

[0053] The CPU of the FI/AT-ECU 15 calculates an ignition timing IGLOG,
defined as an advance angle from the top dead center, according to engine
operating conditions. The CPU also calculates a fuel injection period TOUT
as the valve opening period of each fuel injection valve 16, according to
engine operating conditions.

[0054] The CPU of the FI/AT-ECU 15 further calculates a valve opening
control amount ICMD for controlling the valve opening amount of the idle
control valve 27, according to engine operating conditions. The amount of
air to be supplied through the idle control valve 27 into the engine 1 is
substantially proportional to the valve opening control amount ICMD.

[0055] The FI/AT-ECU 15 supplies: 1) to each spark plug 21 an ignition
signal based on the ignition timing IGLOG; 2) to each fuel injection valve 16 a
drive signal based on the fuel injection time TOUT; and 3) to the idle control
valve 27 a drive signal based on the valve opening control amount ICMD.
[0056] FIG. 3 shows a schematic configuration of a control system for the
motor 3. The motor 3 may be a three-phase AC motor. This motor is
connected by lines 47, 48, and 49 to a power drive unit (which will be
hereinafter referred to as "PDU") 42. These lines respectively supply three
phase currents IU, IV, and IW to the motor 3. The lines 47, 48, and 49 are
respectively provided with current sensors 50, 51, and 52 for respectively
detecting the currents U, IV, and IW. Detection signals from these sensors
50, 51, and 52 are supplied to an electronic control unit for motor control
(which will be hereinafter referred to as "MOT-ECU") 41.

[0057] The motor 3 has a resolver (not shown). The resolver outputs a
rotational angle position signal RS indicative of a rotational angle position of a
rotor of the motor 3, and supplies the signal RS to the MOT-ECU 41.

10
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[0058] The PDU 42 is connected through a line 53 and a main contactor
43 to a high-voltage battery 44. The line 53 is provided with a current sensor
46 for detecting a battery output current IB. A detection signal from the
current sensor 46 is supplied to the MOT-ECU 41.

[0059] ' The battery 44 is provided with a temperature sensor 45. The
temperature sensor 45 supplies a signal indicative of a battery temperature
TB to the MOT-ECU 41. Further, a battery output terminal is connected to
the MOT-ECU 41 to detect a battery output voltage VB.

[0060] The MOT-ECU 41 is connected to the FI/AT-ECU 15 to transmit
and receive necessary information to/from the FI/AT-ECU 15.

[0061] The MOT-ECU 41 detects a remaining charge quantity QR of the
battery 44 according to the battery output voltage VB, the battery output
current IB, and the battery temperature TB. The MOT-ECU 41 controls the
PDU 42 according to vehicle operating conditions including: 1) engine
operating conditions; 2) the remaining charge quantity QR; 3) the motor
currents U, IV, and IW; and 4) the motor rotational angle position signal RS to
perform a drive control and a regeneration control of the motor 3.

[0062] The main contactor 43 is maintained in its on-state during
operation of the vehicle.

[0063] The engine stop control in this preferred embodiment will now be
described with reference to FIGS. 4A to 4F.

[0064] The engine stop control for automatically stopping the engine 1
upon stoppage of the vehicle is started when a given engine stop condition is
satisfied. Specifically, the engine stop condition in this embodiment is
satisfied when the engine 1 has been warmed up (the engine coolant
temperature TW is greater than or equal to a predetermined temperature
TWO), the throttle valve 3 is fully closed, the vehicle speed VP is "0" the
remaining charge quantity QR is greater than or equal to a predetermined
quantity QRO, and the brake pedal is depressed (the brake switch 32
becomes ON). In FIGS. 4A to 4F, there is shown a case that the engine stop

condition is satisfied when the brake switch 32 becomes ON (see FIG. 4B).

11
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[0065] When the engine stop condition is satisfied at time t0, the fuel
injection for the #4 cylinder, immediately after 10, is stopped, and the next fuel
injection for the #2 cylinder is also stopped as shown in FIG. 4D. Thereafter,
the fuel injection for the #1 cylinder is performed. When the engine rotational
speed NE is less than or equal to a predetermined stop rotational speed
NESTP, the subsequent fuel injection is stopped. FIGS. 4A to 4F show the
most typical example of the operation, wherein the engine rotational speed
NE is normally less than or equal to the predetermined stop rotational speed
NESTP at the fuel injection timing for the cylinder (#3 cylinder as shown)
following the cylinder (#1 cylinder as shown) for which the fuel injection is
carried out. Accordingly, the fuel injection for the #3 cylinder is stopped.
Immediately thereafter, the engine 1 is stopped, so that no fuel is supplied to
the engine 1 after the time the engine rotational speed NE is less than or
equal to the predetermined stop rotational speed NESTP. The
predetermined stop rotational speed NESTP is set to a rotational speed (e.g.,
150 rpm) where the engine does not rotate by an inertial force.

[0066] When carrying out the fuel injection for the #1 cylinder, the fuel
injection amount is controlled so that the air-fuel ratio becomes a value (e.g.,
A/F is about 17) which is suitable for preventing self ignition when an ignition
is not performed. The engine 1 is stopped in the condition where the #1
cylinder is on the compression stroke, so that the fuel supplied into the #1
cylinder is used to generate the first explosion upon restarting the engine 1.
[0067] Further, as shown in FIG. 4E, the ignition for the cylinder (#1
cylinder) at the timing immediately after the time the engine stop condition is
satisfied is carried out, and the ignition for the cylinder (#3 cylinder) at the next
ignition timing is carried out. Thereafter, the subsequent ignition is stopped.
Accordingly, the fuel supplied before the engine stop condition is satisfied, can
be reliably burned, and unwanted ignition after the engine stop condition is
satisfied, can be prevented.

[0068] Further, as shown in FIG. 4F, the valve opening control amount
ICMD of the idle control valve 27 is changed to a predetermined value ICMD2

which is greater than a normal control value ICMD1 after the engine stop

12
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condition is satisfied, thereby increasing the intake air amount to the engine 1.
This predetermined value ICMD2 is set so that the absolute intake pressure
PBA becomes about 41 kPa (310 mmHg), for example. By increasing the
intake air amount as mentioned above, the air-fuel ratio of an air-fuel mixture
in the cylinder (#1 cylinder), in which the fuel for first explosion upon restarting
is left, can be set to a value such that no self ignition occurs. The idle control
valve 27 is closed when the engine rotational speed NE becomes the
predetermined stop rotational speed NESTP or less.

[0069] Thus, according to the above-mentioned engine stop control, the
air-fuel mixture for generation of the first explosion upon restarting is retained
in the cylinder on the compression stroke during stoppage of the engine.
[0070] Although not shown in FIGS. 4A to 4F the motor 3 is
regeneratively operated to increase a load on the engine 1 and stop engine 1
earlier (see FiG. 10H).

[0071]  The engine restart control in this preferred embodiment will now be
described with reference to FIGS. 5A to 5E.

[0072] When the brake switch 32 becomes OFF at time t1 (FIG. 5B), an
engine restart condition is satisfied. At this time, the motor 3 is rotationally
driven to restart the engine 1. As shown in FIG. 5D, the fuel injection
(simultaneous injection) for all of the cylinders is carried out at the same time
the engine restart condition is satisfied. The fuel injected at this time is
introduced to a combustion chamber in each cylinder on the intake stroke.
[0073] Further, ignition is permitted at time t1. As shown in FIG. 5E, the
ignition for the #1 cylinder on the compression stroke is carried out In
response to the generation of a first TDC pulse P1. Since the air-fuel mixture
for generation of first explosion is in the #1 cylinder, the first explosion is
generated by the first ignition. Thereafter, the ignition for the #3 cylinder is
carried out. The fuel injected at time t1 has been introduced to the #3
cylinder, and this fuel is burned by the ignition. Thereafter, the fuel injected
at time t1 for the #4, #2, and #1 cylinders is sequentially burned on the

respective explosion (combustion) strokes. Subsequently, normal sequential

13
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injection is carried out to supply the fuel into each cylinder and sequentially
ignite the air-fuel mixture.

[0074]) FIGS. 6A, 6B, and 6C respectively show changes in: 1) the engine
rotational speed NE; 2) the TDC puise; and 3) the absolute intake pressure
PBA, when performing the engine restart control as shown in FIGS. 5A to 5E.
FIGS. 6D, 6E, 6F, and 6G respectively show: 1) a driving period of the motor
‘3; 2) the fuel injection control; 3) the ignition control; and 4) the idle control
valve control, in relation to FIGS. 6A to 6C. As shown in FIG. 6D, the motor
3 is driven over a predetermined period (motor driving period) TMOT for
cranking.

[0075] As shown in FIG. 6E, fixed-amount fuel injections are carried out

during a predetermined period TINJ from the start of the engine restart control
(from time t1), so as to prevent a rapid increase in the engine rotational speed
NE upon engine restarting. The fuel supply amount during the period TINJ is
set so that the air-fuel ratio becomes about "20°. In other words, the fuel
injection amount is controlled to be a smaller amount as compared with the
fuel injection amount in normal control where the stoichiometric ratio (14.7) is
adopted as a target air-fuel ratio. In this preferred embodiment, the
predetermined period TINJ is set to the same peirod (e.g., 750 msec) as the
predetermined peirod TMOT.

[0076] As shown in FIG. 6F, the ignition timing IGLOG is retarded from the
ignition timing in normal control during a predetermined time TRTD (e.g., 500
msec) from time t2 when the engine rotational speed NE has reached a
predetermined rotational speed NEL (e.g., 500 rpm).

[0077] As shown in FIG. 6QG, the idie control valve 27 is maintained in its
fully closed condition during the motor driving period TMOT from the start
(time t1) of the engine restart control.

[0078] According to the above-described control, the output from the
engine 1 can be suppressed to prevent a rapid increase Iin the engine
rotational speed NE upon engine restarting.

[0079] FIGS. 7A to 7D are flowcharts of the engine stop control

mentioned above. FIG. 7A is a flowchart showing a fuel injection control
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process. FIG. 7B is a flowchart showing a ignition control process. FIG. 7C
is a flowchart showing a idle control valve (ICV) control process. And FIG.
7D is a flowchart showing a motor control process. The fuel injection control
process, the ignition control process, and the idle control valve control
process are executed by the CPU of the FI/AT-ECU 15 in synchronism with
the generation of a TDC pulse. The motor control process is executed by the
CPU of the MOT-ECU 41.

[0080] In step S11, shown in FIG. 7A, it is determined whether or not the
present timing of execution of this process corresponds to the first fuel
injection timing after the engine stop condition is satisfied. If the answer in
step S11 is affirmative (YES), the fuel injection is stopped (step S15). If the
answer in step S11 is negative (NO), it is determined whether or not the
present timing of execution of this process corresponds to the second fuel
injection timing after the engine stop condition is satisfied (step S12). If the
answer to step S12 is affirmative (YES), the program proceeds to the step
S15 to stop the fuel injection.

[0081] If the answer to step S12 is negative (NO), it is determined
whether or not the engine rotational speed NE is less than or equal to the
predetermined stop rotational speed NESTP (e.g., 150 rpm) (step S13). If
NE is greater than NESTP, the fuel injection for engine restarting is carried out
(step S14). If NE is less than or equal to NESTP, the program proceeds to
the step S15 to stop the fuel injection.

[0082] According to the above process, the fuel is supplied to one cylinder
on the compression stroke during engine stoppage as shown in FIGS. 4A to
4F.

[0083] In step S21 shown in FIG. 7B, it is determined whether or not the
present timing of execution of this process corresponds to the first ignition
timing after the engine stop condition is satisfied. If the answer to step S21
is affirmative (YES), a normal ignition is carried out (step S24). If the answer
to step S21 is negative (NO), it is determined whether or not the present
timing of execution of this process corresponds to the second ignition timing

after the engine stop condition is satisfied (step S22). If the answer to step
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S22 is affirmative (YES), the program proceeds to the step S24 to perform the
normal ignition.

[0084] If the answer to step S22 is negative (NQO), the ignition is stopped
(step S23).

[0085] According to the above process, the ignition of the engine is
performed as shown in FIG. 4E.

[0086] In step S31 shown in FIG. 7C, the intake air amount of the engine
1 is increased by changing the valve opening control amount ICMD for the
idle control valve 27 to the predetermined value ICMD2 greater than the
normal control value ICMD1 after the engine stop condition is satisfied.
Thereafter, the valve opening control amount ICMD is set to "0" to close the
idle control valve 27.

[0087] In step S41 shown in FIG. 7D, the motor 3 is regeneratively
operated after the engine stop condition is satisfied. According to this
process, the load on the engine 1 can be increased by the regenerative
operation of the motor 3, to thereby make the engine stoppage earlier.

[0088] FIGS. 8 and 9A to 9C are flowcharts of the engine restart control
mentioned above. FIG. 8 is a flowchart showing a fuel injection control
process. FIG. 9A is a flowchart showing an ignition control process. FIG.
OB is a flowchart showing an idle control valve control process. And FIG. 9C
is a flowchart showing a motor control process. The fuel injection control
process, the ignition control process, and the idle control valve control
process in the present embodiment are executed by the CPU of the FI/AT-
ECU 15. The motor control process in the present embodiment is executed
by the CPU of the MOT-ECU 41.

[0089] The fuel injection control process shown in FIG. 8 is executed at
the time the engine restart condition is satisfied, and subsequently executed
in synchronism with the generation of a TDC pulse.

[0090] In step S51, it is determined whether or not the present execution
of this process is the first execution. If the answer to step S51 is affirmative

(YES), the simultaneous injection for opening all of the fuel injection valves is
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carried out (step S52). If the answer to step S51 is negative (NO), the
program jumps to step S53.

[0091] In step S53, it is determined whether or not a predetermined
number (i.e., “4” for a 4-cylinder engine) of injection timings have passed. If
the answer to step S53 is negative (NO), the fuel injection is stopped (step
S57). When the answer to step S53 subsequently becomes affirmative
(YES), it is determined whether or not the predetermined period TINJ has
elapsed from the time the engine restart condition is satisfied (step S54). If
the answer to step S54 is negative (NO), the fuel injection is carried out with a
decreased fuel injection amount as compared with a fuel injection amount in
the normal fuel injection control (step S55).

[0092] If the answer to step S54 is affirmative (YES), the program
proceeds to step S56 to perform the normal fuel injection control.

[0093] According to the above process, the fuel injection control in engine
restarting as shown in FIG. 5D is performed.

[0094] The ignition control process shown in FIG. 9A is executed in
synchronism with the generation of a TDC pulse.

[0095] In step S61, the ignition is permitted. In step S62, it is determined
whether or not the engine rotational speed NE is greater than or equal to the
predetermined rotational speed NEL. Initially, the answer to step S62 is
negative (NO), so that a normal ignition is carried out (step S65). When the
answer to step S62 subsequently becomes affirmative (YES), it is determined
whether or not the predetermined period TRTD has elapsed from the time the
engine restart condition is satisfied (step S63). Initially, the answer to step
S63 is negative (NO), so that the program proceeds to step S64, in which an
ignition is performed at an ignition timing retarded from the ignition timing in
the normal control. When the answer to step S63 subsequently becomes
affirmative (YES), the program returns to step S65 to perform the normal
control.

[0096] According to the above process, the ignition control in engine

restarting as shown in FIG. 5E is performed.
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[0097] The idle control valve control process shown in FIG. 9B is
executed in synchronism with the generation of a TDC pulse.

[0098] In step S71, it is determined whether or not the predetermined
period (motor driving period) TMOT has elapsed from the time the engine
restart condition is satisfied. Initially, the answer to step S71 is negative (NO),
so that the program proceeds to step S72 to close the idle control valve 27.
When the answer to step S71 subsequently becomes affirmative (YES), the
normal control is started (step S73).

[0099] According to this process, the idle control valve control as shown in
FIG. 6G is performed.

[0100] In step S81 shown in FIG. 9C, it is determined whether or not the
predetermined period TMOT has elapsed from the time the engine restart
condition is satisfied. Initially, the answer to step S81 is negative (NO), so
that the cranking (motor driving for engine starting) is carried out (step S82).
When the answer to step S81 subsequently becomes affirmative (YES), this
process ends immediately. According to this process, the motor 3 is driven
over the predetermined period TMOT from the time the engine restart
condition is satisfied.

[0101] FIGS. 10A to 10H are time charts for illustrating the engine stop
control and the engine restart control. FIG. 10A shows changes of an idle
stop flag FIDLSTP which is set to "1" during a time period from the time the
engine stop condition is satisfied to the time the engine restart condition is
satisfied. FIG. 10B shows TDC pulses. FIGs. 10C, 10D, 10E, 10F, 10G,
and 10H respectively show changes: 1) in the engine rotational speed NE;
2) in the absolute intake pressure PBA; 3) in the fuel injection period TOUT, 4)
in the ignition timing IGLOG; 5) in the intake air amount QAIR; and 6) in the
torque TRQM generated by the motor 3.

[0102] When the engine stop condition is satisfied at time t0, the engine
stop control mentioned above is performed to stop the engine in about 0.6 sec.
Since the motor 3 is regeneratively operated, the torque TRQM generated by

the motor 3 takes negative values.

18



CA 02398012 2002-08-14

[0103] When the engine restart condition is satisfied at time t1, the
cranking by the motor 3 is started to gradually increase the engine rotational
speed NE and gradually decrease the absolute intake pressure PBA. The
fuel injection period TOUT is maintained at a substantially constant value
during the predetermined period TINJ from time t1 to time t4, so that the air-
fuel ratio becomes about “20”. The ignition timing IGLOG is retarded during
a time period from time t2 to time t3. The idle control valve 27 is maintained
in its fully closed condition until time t4. The motor output torque TRQM is
set to "0" after time t4.

[0104] FIG. 11 is a time chart showing changes in the engine rotational
speed NE when restarting the engine. In FIG. 11, the changes in the engine
rotational speed NE of the present embodiment is shown with those of the
prior art. That is, the line L1 corresponds to the present embodiment, and
the line L2 corresponds to the prior art. As apparent from FIG. 11, the first
explosion is generated about 290 msec earlier according to this preferred
embodiment as compared with the prior art. Furthermore, an advantage of
preventing a rapid increase in the engine rotational speed NE when restarting
the engine is obtained. _

[0105] In this preferred embodiment, the FI/AT-ECU 15 constitutes the
fuel supply stop control means, the fuel supply start control means, the
ignition control means, the fuel amount control means, the retard control
means, the air-fuel ratio adjusting means, and the inhibiting means. Further,
the MOT-ECU 41 constitutes the regeneration control means. Specifically,
the process shown in FIG. 7A corresponds to the fuel supply stop control
means. The process shown in FIG. 8 corresponds to the fuel supply start
control means. The process shown in FIG. 7B corresponds to the ignition
control means. And the process shown in FIG. 7D corresponds to the
regeneration control means. Step S14 in FIG. 7A corresponds to the fuel
amount control means. Steps S62, S63, and S64 in FIG. 9A correspond to
the retard control means. The process shown in FIG. 7C corresponds to the

air-fuel ratio adjusting means. Steps S71 and S72 in FIG. 9B correspond to
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the inhibiting means. Further, the bypass passage 26 and the idle control
valve 27 correspond to the intake air amount increasing means.

[0106] The present invention is not limited to the above preferred
embodiment, but various modifications may be made. For example, in the
engine stop control during the time period from the time the engine stop
condition is satisfied to the time the engine rotational speed NE is less than or
equal to the predetermined rotational speed NESTP, the fuel supply may be
continued with such a fuel amount that makes an air-fuel ratio so lean that no
self ignition occurs. In this case, the ignition control is performed in the same
way as the above-described embodiment. That is, the first ignition and the
second ignition after the engine stop condition is satisfied are carried out, and
the subsequent ignition is not carried out. Also by such control, the fuel for
the first explosion can be retained in the cylinder on the compression stroke
during engine stoppage. However, since the emission of unburnt fuel has an
adverse effect on the exhaust characteristics of the engine, it is preferable to
stop the fuel supply as fast as possible and retain the fuel for the first
explosion in only one necessary cylinder as in the above preferred
embodiment.

[0107] Further, in the above preferred embodiment, the simultaneous
injection for the four cylinders is carried out at the time the engine restart
condition is satisfied, and the fuel injection at the subsequent four fuel
injection timings is not carried out. As a modification, the fuel injection for the
cylinder (e.qg., #3 cylinder shown in FIGS. 5A to 5E) on the intake stroke
during engine stoppage may be carried out at the time the engine restart
condition is satisfied, and the sequential injection may be subsequently
carried out. As another modification, a simultaneous injection for two or
three cylinders including the cylinder on the intake stroke during engine
stoppage may be carried out, and the fuel injection at the subsequent two or
three injection timings may not be carried out. Thereafter, the sequential
injection may be carried out.

[0108] Further, in the above preferred embodiment, the reduction in fuel

amount, the retard of ignition timing, and the closing of the idie control valve

20




CA 02398012 2002-08-14

are cooperatively carried out to prevent a rapid increase in engine rotational
speed. Alternatively, any one or two of these operations (the fuel amount
reduction, the ignition timing retard, and the idle control valve closing) may be
carried out.

[0109] The intake air amount increasing means may be realized by driving
the throttle valve 13 with an actuator instead of using the bypass passage 26
and the idle control valve 27.

[0110] Further, while the present invention is applied to a hybrid vehicle in
the above preferred embodiment, the present invention may be applied to a
normal vehicle having an internal combustion engine and an engine starter
motor.

[0111) Further, while the present invention is applied to a four-cylinder
internal combustion engine in the above preferred embodiment, the present
invention may be applied to any multiple-cylinder internal combustion engine,
e.g. a six-cylinder engine or an eight-cylinder engine. In these examples, the
number (the first predetermined number) of cylinders to which the fuel supply
is stopped after the engine stop condition is satisfied, and the number (the
second predetermined number) of cylinders in which the normal ignition is
carried out after the engine stop condition is satisfied, are modified in the
following manner. In the case of a six-cylinder engine, the first
predetermined number becomes "2" and the second predetermined number
becomes "3". In the case of an eight-cylinder engine, the first predetermined
number becomes "2" and the second predetermined number becomes "4".
[0112] Further, the first predetermined period TINJ is set equal to the third
predetermined period TMOT in the above preferred embodiment. These
periods may be set to different values.

[0113] The present invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The
presently disclosed embodiments are therefore to be considered in all
respects as illustrative and not restrictive, the scope of the invention being

indicated by the appended claims, rather than the foregoing description, and
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all changes which come within the meaning and range of equivalency of the

claims are, therefore, to be embraced therein.
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WHAT IS CLAIMED IS:

1. An automatic stop and start control system for a multiple-cylinder
internal combustion engine mounted on a vehicle, said control system
controls automatically stopping and restarting said engine according to
operating conditions of said vehicle and said engine, said automatic stop and
start control system comprising.

fuel supply stop control means for providing a fuel supply to at least
one of the cylinders of said engine, when an engine stop condition for
stopping said engine is satisfied, and subsequently stopping the fuel supply to
all of the cylinders of said engine; and

fuel supply start control means for immediately providing the fuel
supply to at least one of said cylinders at the time an engine restart condition

for restarting said engine is satisfied.

2. An automatic stop and start control system according to claim 1,
wherein when the engine stop condition is satisfied, said fuel supply stop
control means first stops the fuel supply to a first predetermined number of
cylinders and then provides the fuel supply to said at least one cylinder.

3. An automatic stop and start control system according to claim 1,
further comprising ignition control means for first carrying out ignitions of a
second predetermined number of cylinders, when the engine stop condition is

satisfied, and then stopping the subsequent ignition.

4. An automatic stop and start control system according to claim 1,
wherein:

said vehicle has a motor capable of rotationally driving an output
shaft of said engine and performing a regenerative operation for converting
rotational energy of said output shaft into electrical energy;

said control system further comprising regeneration control means
for performing the regenerative operation of said motor when the engine stop

condition is satisfied.
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5. An automatic stop and start control system according to claim 1,
wherein said fuel supply start control means comprises fuel amount control
means for decreasing a fuel amount to be supplied to said engine as
compared with the fuel amount in normal control, during a first predetermined

time period from the time the engine restart condition is satisfied.

6. An automatic stop and start control system according to claim 1,
further comprising retard control means for retarding an ignition timing of said
engine from the ignition timing in normal control, during a second
predetermined time period from the time a rotational speed of said engine
equals or exceeds a predetermined rotational speed when restarting said

engine.

7. An automatic stop and start control system according to claim 1,
wherein:

said engine is provided with intake air amount increasing means for
increasing an intake air amount to said engine,

said control system further comprising air-fuel ratio adjusting means
for increasing the intake air amount by operating said intake air amount

increasing means after the engine stop condition is satisfied.

8. An automatic stop and start control system according to claim 7,
further comprising inhibiting means for inhibiting the operation of said intake
air amount increasing means during a third predetermined time period from

the time the engine restart condition is satisfied.

9. An automatic stop and start control method for a multiple-
cylinder internal combustion engine mounted on a vehicle, saild method
controls automatically stopping and restarting said engine according to
operating conditions of said vehicle and said engine, said automatic stop and

start control method comprising:
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a) providing a fuel supply to at least one of the cylinders of said
engine, when an engine stop condition for stopping said engine is satisfied,

b) stopping the fuel supply to all the cylinders of said engine; and

c) providing the fuel supply to at least one of said cylinders
immediately at the time an engine restart condition for restarting said engine

is satisfied.

10. An automatic stop and start control method according to claim
9, wherein when the engine stop condition is satisfied, the fuel supply to a first
predetermined number of cylinders is stopped first, and then the fuel supply to

said at least one cylinder is provided.

11. An automatic stop and start control method according to claim 9,
further comprising the steps of:

d) carrying out ignitions of a second predetermined number of
cylinders, when the engine stop condition is satisfied, and

e) stopping the subsequent ignition.

12. An automatic stop and start control method according to claim
9, wherein:
saild vehicle has a motor capable of rotationally driving an output
shaft of said engine and performing a regenerative operation for converting
rotational energy of said output shaft into electrical energy, and
said method further comprising performing the regenerative operation

of said motor when the engine stop condition is satisfied.

13. An automatic stop and start control method according to claim
9, further comprising decreasing a fuel amount to be supplied to said engine
as compared with the fuel amount in normal control, during a first
predetermined time period from the time the engine restart condition is

satisfied.
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14. An automatic stop and start control method according to claim
9, further comprising retarding an ignition timing of said engine from the
ignition timing in normal control, during a second predetermined time period
from the time a rotational speed of said engine equals or exceeds a

predetermined rotational speed when restarting said engine.

15. An automatic stop and start control method according to claim
9, wherein:
said engine is provided with intake air amount increasing means for
increasing an intake air amount to said engine, and
said method further comprises increasing the intake air amount after

the engine stop condition is satisfied.

16. An automatic stop and start control method according to claim
15, further comprising inhibiting the increment of the intake air amount during
a third predetermined time period from the time the engine restart condition is

satisfied.
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FIG. 8
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