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(57) Abstract: A controller for a vehicle, the vehicle including an engine and a transmission gear device, the controller includes an
electronic control unit. The electronic control unit is configured to: (i) stop the engine automatically when predetermined engine
stopping conditions are fulfilled, the predetermined engine stopping conditions including fultillment of a shift position condition of
the transmission gear device, (ii) start the engine automatically when a predetermined waiting time has elapsed since a change in
shift position, and (iii) change the waiting time depending on the duration of an automatic stop of the engine.
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CONTROLLER FOR VEHICLE AND CONTROL METHOD FOR VEHICLE

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a technique for setting an engine restarting
condition under which an automatic stop of the engine can be suitably continued even
when the shift position is changed during the automatic stop of the engine.

2. Description of Related Art

[0002] A vehicle is known in which the engine is automatically stopped to
reduce fuel consumption when predetermined automatic engine stopping conditions are
fulfilled and the engine is restarted when the shift position is changed to the R range
during an automatic stop of the engine. In a vehicle in which the engine is restarted
when the shift position is changed to the R range, when the shift position is changed from
the D range to the P range with the engine automatically stopped, for example, the shift
lever passes through the R range. Thus, when the shift position is changed from the D
range to the P range, the automatic engine stop state is once cancelled.

[0003] Japanese Patent Application Publication No. 2004-100680 (JP
2004-100680 A) discloses a vehicle in which it is determined whether the duration of the
automatic engine stop in the R range has reached a preset waiting time when the shift
position is changed to the R range during an automatic stop. The vehicle of JP
2004-100680 A is equipped with a control logic that includes a step of restarting the

engine if this determination is positive.

SUMMARY OF THE INVENTION
[0004]  The preset waiting time that is described in JP 2004-100680 A is the
period for which the automatic engine stop is not cancelled even when the shift lever
passes through the R range when the shift position is changed from the D range to the P

range. Thus, even a shift operation from the automatic engine stop state in the D range
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to the R range is required to move the vehicle, the driver must wait for the preset uniform
waiting time to elapse before the engine is restarted in the R range. Thus, the action of
moving the vehicle may be delayed.

[0005] The invention provides a controller for a vehicle and a control method
for a vehicle that can prevent an automatic engine stop from being cancelled as the shift
lever passes through the R range when the shift position is changed from the D range, in
which automatic engine stop conditions are fulfilled, to the P range, and reduce the
response delay in restarting the engine when the shift position is changed from the D
range to the R range.

[0006] A first aspect of the invention provides a controller for a vehicle, the
vehicle including an engine and a transmission gear device, the controller includes an
electronic control unit. The electronic control unit is configured to: (i) stop the engine
automatically when predetermined engine stopping conditions are fulfilled, the
predetermined engine stopping conditions including fulfillment of a shift position
condition of the transmission gear device, (ii) start the engine automatically when a
predetermined waiting time has elapsed since a change in shift position, and (iii) change
the waiting time depending on the duration of an automatic stop of the engine.

[0007]  According to the above configuration, because the waiting time is
changed depending on the duration of the automatic stop, the waiting time from a change
in shift position to restart of the engine is not uniform. As a result, it is possible to
prevent the action of moving the vehicle from being delayed and improve the fuel
consumption efficiency and the durability of the start control system by changing the
waiting time to a waiting time that allows engine start with high engine starting
responsivity or to a waiting time during which restart of the engine is inhibited as
appropriate.

[0008] In the controller, the electronic control unit may be configured to
increase the waiting time as the duration before the change in shift position is longer.
According to the above configuration, the waiting time is not uniform because it is

increased as the duration of the automatic stop is longer. As a result, the waiting time
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increases and the automatic engine stop can be continued to inhibit restart of the engine
for a longer time as the duration before a shift position change is longer, in other words,
the driving condition or traveling condition is less desirable for engine restart. Thus,
quick draining of the battery can be prevented and the fuel consumption efficiency and
the durability of the start control system can be improved.

[0009] The transmission gear device may include a plurality of shift positions,
the plurality of shift positions including a first shift position and a second shift position,
the shift position condition may be fulfilled in the first shift position and the second shift
position. The electronic control unit may be configured to change the waiting time
when the shift position is changed to a third shift position that is located between the first
shift position and the second shift position. According to the above configuration,
because the length of the waiting time is changed depending on the duration of the
automatic stop in the third shift position after a change in the shift position, the waiting
time is not uniform. As a result, it is possible to prevent the action of moving the
vehicle from being delayed and improve the fuel consumption efficiency and the
durability of the start control system by changing the waiting time in the third shift
position to a waiting time that allows engine start with high engine starting responsivity
or to a waiting time during which restart of the engine is inhibited as appropriate.

[0010] In the controller, the first shift position may be a forward travel position,
the second shift position may be a parking position, and the third shift position may be
one of a neutral position and a reverse travel position. According to the above
configuration, the third shift position in which the waiting time is changed is either the
neutral position or the reverse travel position. As a result, it is possible to prevent the
action of moving the vehicle from being delayed and improve the fuel consumption
efficiency and the durability of the start control system by changing the length of the
waiting time in the neutral position or the reverse travel position, through which the shift
lever passes when the shift position is changed, depending on the duration of the

automatic stop, to a waiting time that allows engine start with high engine starting
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responsivity or to a waiting time during which restart of the engine is inhibited as
appropriate.

[0011]  In the controller, the electronic control unit may be configured to change
the waiting time when the shift position is changed to a fourth shift position that is
located between the first shift position and the second shift position, and the electronic
control unit may be configured to set the waiting time in the third shift position and the
waiting time in the fourth shift position to different lengths. According to the above
configuration, it is possible to prevent the action of moving the vehicle from being
delayed and improve the fuel consumption efficiency and the durability of the start
control system by changing the length of the waiting time in the fourth shift position,
depending on the duration of the automatic stop, to a waiting time that allows engine start
with high engine starting responsivity or to a waiting time during which restart of the
engine is inhibited as appropriate.

[0012] In the controller, the first shift position may be a forward travel position,
the second shift position may be a parking position, the third shift position may be one of
a neutral position and a reverse travel position, and the fourth shift position may be the
other of the neutral position and the reverse travel position. According to the above
configuration, the fourth shift position in which the waiting time is changed is the other
of the neutral position and the reverse travel position. As a result, it is possible to
prevent the action of moving the vehicle from being delayed and improve the fuel
consumption efficiency and the durability of the start control system by changing the
length of the waiting time in the neutral position or the reverse travel position, through
which the shift lever passes when the shift position is changed, depending on the duration
of the automatic stop, to a waiting time that allows engine start with high engine starting
responsivity or to a waiting time during which restart of the engine is inhibited as
appropriate.

[0013] In the controller, the electronic control unit may be configured to set the
waiting time in the reverse travel position equal to or shorter than the waiting time in the

neutral position. According to the above configuration, the waiting time in the reverse
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travel position is set shorter than the waiting time in the neutral position. As a result,
the responsivity of engine restart in the reverse travel position can be improved compared
to that in the neutral position.

[0014] A second aspect of the invention provides a control method for a vehicle,
the vehicle including an engine and a transmission gear device, the control method
comprising: stopping the engine automatically when predetermined engine stopping
conditions are fulfilled, the predetermined engine stopping conditions including
fulfillment of a shift position condition of the transmission gear device, starting the
engine automatically when a predetermined waiting time has elapsed since a change in
shift position, and changing the waiting time depending on the duration of an automatic

stop of the engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic view that illustrates the configuration of a vehicle to which
one embodiment of the invention is applied;

FIG. 2 is a function block diagram that illustrates an essential part of the control
function of the electronic control unit in FIG. 1;

FIG. 3 is a time chart that corresponds to the control operation of the electronic
control unit in FIG. 1, illustrating one éxample of the control operation that the controller
of the vehicle performs when the duration does not exceed a reference time in this
embodiment;

FIG. 4 is a time chart that corresponds to the control operation of the electronic
control unit in FIG. 1, illustrating one example of the control operation that the controller

of the vehicle performs when the duration exceeds a reference time in this embodiment;
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FIG. 5 is a flowchart that illustrates an essential part of the control operation of the
electronic control unit in FIG. 1 in a first embodiment, i.e., the control operation that the
controller of the vehicle performs after the engine has been automatically stopped; and

FIG. 6 is a flowchart that illustrates an essential part of the control operation of the
electronic control unit in FIG. 1 in a second embodiment, i.e., the control operation that

the controller of the vehicle performs after the engine has been automatically stopped.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] A vehicle according to one embodiment of the invention is equipped
with an aqtomatic transmission gear device that functions as a transmission gear device in
a dynamic power transmission route between an engine and driving wheels. The engine
is an internal combustion engine that produces dynamic power by, for example, burning
fuel, such as a gasoline engine or diesel engine. The automatic transmission gear device
is a planetary gear type transmission gear device, synchronous mesh-type parallel
two-shaft automatic transmission gear device, DCT or the like.

[0017] This embodiment is hereinaftér described in detail with reference to the
drawings.

[0018] FIG. 1 is a schematic view that illustrates the general configuration of an
engine 30 and an automatic transmission gear device 12 that are mounted on a vehicle 10
of this embodiment. The engine 30 is equipped with a starter 16. The starter 16 is
used to start and restart the engine 30. The starter 16 is connected to a ring gear 18 that
is connected to a crankshaft 30a of the engine 30. The starter 16 may be a motor
generator that cranks the crankshaft 30a via a pulley or belt.

[0019] The automatic transmission gear device 12 changes the rotational speed
of its input shaft and transmits dynamic power to a differential gear device 34. The
input shaft corresponds to an input rotary member of the automatic transmission gear
device 12. In this embodiment, the input shaft is constituted integrally with a turbine
shaft of a torque converter 32 as a hydraulic power transmission that is rotatably driven

by the engine 30 as a source of driving force for traveling. In this embodiment, the
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input shaft functions as a counter drive gear that is meshed with a counter driven gear to
constitute a counter gear pair to transmit dynamic power to the differential gear device 34
that is shown in FIG. 1, for example. The counter driven gear is located coaxially with a
differential drive pinion that is meshed with a differential ring gear 36 to constitute a final
gear pair. In the automatic transmission gear device 12 and so on that are constituted as
described above, the output of the engine 30 is transmitted sequentially via the torque
converter 32, the automatic transmission gear device 12, the differential gear device 34, a
pair of axles 38 and so, which are included in a vehicle power transmitting apparatus 11,
to right and left driving wheels 40.

[0020] The vehicle 10 is equipped with an electronic control unit 120. The
electronic control unit 120 performs hydraulic control that relates to automatic engine
stop control of the automatic transmission gear device 12, for example. The electronic
control unit 120 includes what is called a microcomputer that is provided with a CPU, a
RAM, a ROM, an input-output interface and so on, for example. The CPU executes
signal processing according to a program that is stored in advance in the ROM while
using a temporary storage function of the RAM to perform output control of the engine
30, gear change control of the automatic transmission gear device 12 and so on. When
necessary, the electronic control unit 120 may be divided into an engine controller for
engine control, a hydraulic controller for gear change control that controls a linear
solenoid valve in a hydraulic control circuit 100, and so on.

[0021]  To the electronic control unit 120, signals that represent a hydraulic oil
temperature Ton. (°C), an accelerator operation amount Acc (%), an engine rotational
speed Ng (rpm), a coolant temperature Ty (°C), an intake air amount Q (Q/N), a throttle
valve opening Oty (%), an output rotational speed Noyr (rpm) and so on are supplied.
The hydraulic oil temperature Toy, (°C) is the temperature of hydraulic oil (a known
ATF, for example) in the hydraulic control circuit 100 that is detected by a hydraulic oil
temperature sensor 74. The accelerator operation amount Acc (%) is the operation
amount of an accelerator pedal 78, as the amount that is requested to the vehicle 10 by the

driver (driver request amount), that is detected by an accelerator operation amount sensor
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76. The engine rotational speed Ng (rpm) is the rotational speed of the engine 30 that is
detected by an engine rotational speed sensor 80. The coolant temperature Tw (°C) is
the temperature of coolant in the engine 30 that is detected by a coolant temperature
sensor 82. The intake air amount Q (Q/N) is the intake air amount into the engine 30
that is detected by an intake air amount sensor 84. The throttle valve opening 07y (%) is
the opening of an electronic throttle valve that is detected by a throttle valve opening
sensor 86. The output rotational speed Noyr (rpm) is the rotational speed of an output
gear of the automatic transmission gear device 12, corresponding to the vehicle speed V
(km/h), that is detected by a vehicle speed sensor 88. In addition, signals that represent
an operation (ON) Boy of a foot brake pedal 92 that indicates the fact that a foot brake as
a regular brake is in operation (depressed), a lever position (operation position, shift
position) Psy, an ON-operation Ps of a parking brake 20, a turbine rotational speed Nt
(rpm), and so on are supplied to the electronic control unit 120. The operation (ON)
Bon of the foot brake pedal 92 is detected by a brake switch 90. The lever position
(operation position, shift position) Pgy is the position of a shift lever 96 that is detected by
a lever position sensor 94. The turbine rotational speed Nt (rpm) is the rotational speed
of the turbine of the torque converter 32 that is detected by a turbine rotational speed
sensor 98. The turbine rotational speed Nt (rpm) is, in other words, a signal that
represents an input rotational speed Ny which is the rotational speed of an input shaft 26.

[0022] Engine output control command signals Sp for output control of the
engine 30 are output from the electronic control unit 120. The output control command
signals Sg include, for example, a drive signal to an throttle actuator that controls the
opening and closing of the electronic throttle valve depending on the accelerator
operation amount Acc, an injection signal that controls the fuel injection amount from a
fuel injection device, and an ignition timing signal that controls the ignition timing of the
engine 30 by an igniter. In addition, hydraulic control command signals Sp for gear
change control of the automatic transmission gear device 12 are output from the
electronic control unit 120. The hydraulic control command signals Sp include, for

example, a valve command signal (hydraulic pressure command value, drive signal) that
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controls the excitation or non-excitation of the linear solenoid valve in the hydraulic
control circuit 100 and so on to change the gear position of the automatic transmission
gear device 12, and a drive signal for pressure-adjusting control of the line hydraulic
pressure Py.

[0023] The shift lever 96 is located in the vicinity of the driver’s seat, for
example. As shown in FIG. 1, the shift lever 96 is configured to be manually operated
to one of five lever positions “P,” “R,” “N,” “D” and “S.”

[0024] A parking position (P position (P range)) is a position in which a neutral
state where the dynamic power transmission route in the automatic transmission gear
device 12 is interrupted, in other words, the transmission of dynamic power in the
automatic transmission gear device 12 is interrupted, is established and in which a
mechanical parking mechanism mechanically prevents (locks) rotation of the output gear
of the automatic transmission gear device 12. A reverse travel position (R position) is a
position in which the direction of rotation of the output gear of the automatic
transmission gear device 12 is reversed. A neutral position (N position) is a position in
which a neutral state where the transmission of dynamic power in the automatic
transmission gear device 12 is interrupted is established. A forward travel position (D
position) is a position in which all of forward gears from a first gear “Ist” to a sixth gear
“6th” are used in a gear change range (D range) in which gear changes of the automatic
transmission gear device 12 are allowed to perform automatic gear change control. A
forward travel position for manual gear change (S position) is av position in which the
driver can make manual gear changes by switching a plurality of shift positions that limit
the range of change of gear positions, in other words, a plurality of shift positions that are
different in gear positions on the high vehicle speed side.

[0025]  Auxiliary machines 46 in FIG. 1 include, for example, a pump for a
power steering system, a compressor for an air conditioner, an engine oil pump, and an
engine water pump. The auxiliary machines 46 are operated by command signals S¢

from the electronic control unit 120.
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[0026] FIG. 2 is a function block diagram that illustrates an essential part of the
control function of the electronic control unit 120. In FIG. 2, engine output control
means 122 outputs the engine output control command signals Sg. The engine output
control command signals Sg include, for example, a signal for opening/closing control of
the electronic throttle valve by a throttle actuator for throttle control, and signals for
control of fuel injection amount by a fuel injection device for fuel injection amount
control, and for control of an ignition device, such as the igniter, for ignition timing
control. In this way, the engine output control means 122 performs opening/closing
control of the electronic throttle valve with reference to the relationship (engine torque
map) between the engine rotational speed Ng and an estimated value Tg’ of engine torque
Tg (which is hereinafter referred to as “estimated engine torque) which has been
experimentally obtained using the throttle valve opening Oty as a parameter and stored in
advance so that a throttle valve opening 61y that can provide a target engine torque can be
achieved based on the actual engine rotational speed Ng. The engine output control
means 122 controls the fuel injection amount from the fuel injection device, and controls
the ignition device, such as the igniter.

[0027] The engine output control means 122 outputs a signal that stops the
engine 30 to an engine control unit for engine control of the electronic control unit 120
and so on to stop the engine 30 automatically when conditions to be fulfilled for
automatic engine stop are fulfilled and it receives a command signal that performs
automatic engine stop control from automatic engine stop control means 124. The
conditions to be fulfilled for automatic engine stop include the fact that the shift position
of the transmission gear device is in the D range or P range as a shift position condition,
for example. The engine output control means 122 outputs a signal that starts the engine
30 to an engine control unit (not shown) for engine control of the electronic control unit
120 and so on to start the engine 30 automatically when it receives a command signal that
cancels the automatic engine stop control from the automatic engine stop control means
124 when a predetermined waiting time has elapsed since a shift position change to the N

range or the R range.
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[0028] In the vehicle 10 of this embodiment, the automatic engine stop control
means 124 performs automatic engine stop control to stop the operation of the engine 30
temporarily in order to reduce fuel consumption while the vehicle is traveling, for
example. The automatic engine stop control means 124 outputs an engine output
control command signal Sg that automatically stops the engine 30 from the engine output
control means 122 to the engine 30 when preset predetermined automatic engine stop
control starting conditions that correspond to engine stopping conditions are fulfilled, for
example. For example, the predetermined automatic engine stop control starting
conditions in the D range include the fact that the vehicle speed V is lower than a
predetermined vehicle speed VO, the fact that the accelerator pedal 78 is not depressed,
and the fact that the foot brake pedal 92 is depressed.

[0029] The automatic engine stop control means 124 outputs an engine output
control command signal Sg that cancels the automatic engine stop from the engine output
control means 122 to the engine 30 to start the engine 30 automatically when a preset
automatic engine stop control cancelling condition is fulfilled, for example. The
predetermined automatic engine stop control cancelling condition is the fact that, when a
shift operation from the D range to a shift position other than the D range is made during
automatic engine stop control, the duration Td of the automatic engine stop in the shift
position after the shift operation has reached a predetermined waiting time, for example.

[0030] The automatic engine stop control means 124 acquires a determination
result that is determined by waiting time determination means 126, for example, and
commands the engine output control means 122 to output a signal that cancels the
automatic engine stop control if the determination result is positive and commands the
engine output control means 122 to output a signal that continues the automatic engine
stop control if the determination result is negative.

[0031] When automatic engine stop control is started in the D range, for
example, the waiting time determination means 126 determines whether the duration Td
for which the automatic engine stop control starting conditions are fulfilled in a shift

position other than the D range, i.e., one of the R range, N range and P range, that is



10

15

20

25

WO 2016/027155 PCT/IB2015/001475
12

output from shift position control means 130 has reached a waiting time that is preset by
a waiting time setting means 134. Then, the waiting time determination means 126
outputs the determination result to the automatic engine stop control means 124. It
should be noted that, in this embodiment, automatic stopping conditions are fulfilled
within the waiting time even in the N range and R range and the automatic engine stop
control is cancelled and the engine 30 is started automatically when the waiting time
elapses.

[0032] The waiting time setting means 134 sets the waiting time to a first
waiting time TT1 if reference time determination means 128 denies that the duration Td of
the automatic engine stop in the D range has reached a preset reference time Tth and sets
the waiting time to a second waiting time T2 if the determination result by the reference
time determination means 128 is positive, for example. It should be noted that, in this
embodiment, the first waiting time T1 is set longer than the second waiting time T2 but
the first waiting time T1 may be set shorter than the second waiting time T2 if automatic
engine stop control is desired to be cancelled when the duration Td of an automatic
engine stop in the D range is longer than the reference time Tth.

[0033] The reference time determination means 128 acquires the duration Td of
the automatic engine stop in the D range that is output from the shift position control
means 130 and determines whether the duration Td has reached the preset reference time
Tth, for example. Then, the reference time determination means 128 outputs the
determination result to the waiting time setting means 134. It should be noted that the
reference time Tth is the period of time that is used to determine whether continuation of
the automatic engine stop is desired by the driver, and is a predetermined value that has
been determined by an experiment or the like. Preferably, the reference time Tth is 3
sec.

[0034] The shift position control means 130 outputs a hydraulic control
command signal (gear change output command vatue) Sp that engages and/or disengages

a hydraulic friction device that is involved in the shift position of the automatic
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transmission gear device 12 to the hydraulic control circuit 100 according to a command
signal that is output from shift position determination means 132, for example.

[0035]  The shift position determination means 132 determines to which shift
position of the automatic transmission gear device 12 (“P,” “R,” “N,” “D” or “S”) the
lever position to which the shift lever 96 has been moved corresponds with reference to a
signal that represents the lever position (operation position, shift position) Psy of the shift
lever 96 and is detected by the lever position sensor 94, for example. Then, the shift
position determination means 132 outputs the duration Td of the automatic engine stop
control in the determined shift position to the reference time determination means 128.
In addition, the shift position determination means 132 outputs a command signal that
controls the automatic transmission gear device 12 to the shift position control means 130
so that the determined shift position can be achieved.

[0036] A time chart in FIG. 3 that corresponds to a control operation of the
electronic control unit 120 in FIG. 1 in a case where the duration Td does not reach the
reference time Tth is described.

[0037] In FIG. 3, when the engine output control means 122 outputs an engine
output control command signal Sg that automatically stops the engine 30 to the engine 30
because automatic engine stop control starting conditions are fulfilled, the engine
rotational speed Ng and the vehicle speed V start to decrease (at time t1). After that, the
shift lever 96 is operated from the D range to the N range before the duration Td for
which the automatic engine stop control starting conditions are fulfilled in the D range
reaches the reference time Tth (at time t2). In this case, a predetermined waiting time as
an engine restarting condition, in other words, an automatic engine stop control
cancelling condition, is set as the first waiting time T1. Then, preset automatic engine
stop control cancelling conditions are fulfilled when the first waiting time T1 has elapsed
since the shift position change to the R range, and the engine output control means 122
outputs an engine output control command signal Sg to the engine 30 to cancel the
automatic engine stop. Then, the engine rotational speed Ng and the vehicle speed V

start to increase (at time t3).
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[0038] A time chart in FIG. 4 that corresponds to a control operation of the
electronic control unit 120 in FIG. 1 in a case where the duration Td reaches the reference
time Tth is described.

[0039] In FIG. 4, when the engine output control means 122 outputs an engine
output control command signal Sg that automatically stops the engine 30 to the engine 30
because automatic engine stop control starting conditions are fulfilled, the engine
rotational speed Ng and the vehicle speed V start to decrease (at time t1).  After that, the
shift lever 96 is operated from the D range to the N range after the duration Td for which
the automatic engine stop control starting conditions are fulfilled in the D range has
reached the reference time Tth (at time t2°). In this case, a predetermined waiting time
as an engine restarting condition, in other words, an automatic engine stop control
cancelling condition, is set as the second waiting time T2. Then, the automatic engine
stop control is cancelled when the second waiting time T2 has elapsed since the shift
position change to the P range. It should be noted that, in this embodiment, the engine
rotational speed Ng and the vehicle speed V do not increase because the shift position has
been changed to the P range (at time t3°).

[0040] FIG. 5 is a flowchart that illustrates the control operation of a program
that is executed in the electronic control unit 120 in FIG. 1. The program is repeatedly
executed with a very short cycle time of approximately several msec to several dozen
msec, for example.

[0041] If a shift operation from the D range to the N range is made after
automatic engine stop control is started to stop the engine automatically because
predetermined automatic engine stop control starting conditions are fulfilled in the D
range in step (“step” is hereinafter omitted) S1 in FIG. 5, for example, it is determined
whether the shift positioﬁ has been confirmed to be in the N range in S2 that corresponds
to the shift position determination means 132, for example. If the determination in S2 is
negative, it is determined whether the shift position has been confirmed to be in the R
range in S7 that corresponds to the shift position determination means 132. If the

determination in S2 is positive, it is determined whether the duration Td in the N range
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has reached a predetermined reference time Tth in S3 that corresponds to the reference
time determination means 128, for example. If the determination in S3 is positive, a
first waiting time T1 is set as the waiting time by the waiting time setting means 134. If
the determination in S3 is negative, a second waiting time T2 is set as the waiting time.
[0042]  If the determination in S3 is negative, it is determined whether a shift
operation from the N range to the R range has been made within the predetermined
second waiting time T2 since the shift operation to the N range in S5 that corresponds to
the waiting time determination means 126. If the determination in S5 is positive, it is
determined whether the shift position has been confirmed to be in the R range in S7 that
corresponds to the shift position determination means 132. If the determination in S5 is
negative, in other words, a shift operation from the N range to the R range was not made
within the second waiting time T2, a signal that cancels the automatic engine stop control
is output from the automatic engine stop control means 124 to the engine output control
means 122, and an engine output control command signal Sg that automatically starts the
engine 30 is output from the engine output control means 122 to the engine 30 to restart
the engine 30 in S6 that corresponds to the automatic engine stop control means 124.
[0043]  If the determination in S3 is positive, it is determined whether a shift
operation from the N range to the R range has been made within a predetermined first
waiting time T1 since the shift operation to the N range in S4 that corresponds to the
waiting time determination means 126. If the determination in S4 is negative, in other
words, a shift operation from the N range to the R range was not made within the first
waiting time T1, a signal that cancels the automatic engine stop control is output from the
automatic engine stop control means 124 to the engine output control means 122, and an
engine output control command signal Sg that automatically starts the engine 30 is output
from the engine output control means 122 to the engine 30 to starts the engine 30
automatically in S6 that corresponds to the automatic engine stop control means 124.
[0044] If the determination in S4 is positive, it is determined whether the shift
position has been confirmed to be in the R range in S7 that corresponds to the shift

position determination means 132. If the determination in S7 is negative, the automatic
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engine stop control is continued in the P range to continue the automatic stop of the
engine 30 in S12 that corresponds to the automatic engine stop control means 124. If
the determination in S7 is positive, it is determined whether the duration Td in the R
range has reached a predetermined reference time Tth in S8 that corresponds to the
reference time determination means 128. If the determination in S8 is positive, a first
waiting time T1 is set as the waiting time by the waiting time setting means 134. If the
determination in S8 is negative, a second waiting time T2 is set as the waiting time.
[0045]  If the determination in S8 is negative, it is determined whether a shift
operation from the R range to the P range has been made within the predetermined
second waiting time T2 in S10 that corresponds to the waiting time determination means
126. If the determination in S10 is negative, in other words, a shift operation from the R
range to the P range was not made within the second waiting time T2, a signal that
cancels the automatic engine stop control is output to the engine output control means
122, and an engine output control command signal Sg that automatically starts the engine
30 is output from the engine output control means 122 to the engine 30 to start the engine
30 automatically in S11 that corresponds to the automatic engine stop control means 124.
[0046]  On the other hand, if the determination in S8 is positive, it is determined
whether a shift operation from the R range to the P .range has been made within the
predetermined first waiting time T1 in S9 that corresponds to the waiting time
determination means 126. If the determination in S9 is negative, in other words, a shift
operation from the R range to the P range was not made within the first waiting time T1,
a signal that cancels the automatic engine stop control is output to the engine output
control means 122, and an engine output control command signal Sg that automatically
starts the engine 30 is output from the engine output control means 122 to the engine 30
to start the engine 30 automatically in S11 that corresponds to the automatic engine stop
control means 124. If the determinations in S9 and S10 are positive, the automatic
engine stop control in the P range is continued in S12 that corresponds to the automatic

engine stop control means 124.
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[0047] It should be noted that, in this embodiment, the first waiting time T1 is
set longer than the second waiting time T2, and is preferably 500 msec. The second
waiting time T2 is preferably 100 msec.

[0048]  As described above, according to this embodiment, because the first
waiting time T1 is changed to the second waiting time T2 depending on the duration Td
of an automatic stop, the waiting time from a change in shift position to restart of the
engine 30 is not uniform. As a result, the controller for a vehicle according to the
invention can prevent the action of moving the vehicle 10 from being delayed and
improve the fuel consumption efficiency and the durability of the start control system by
changing the waiting time to the second waiting time T2 that allows engine start with
high engine starting responsivity or to the first waiting time T1 during which restart of
the engine is inhibited as appropriate.

[0049] In addition, according to this embodiment, because the length of the
second waiting time T2 is changed depending on the duration Td of an automatic stop of
the engine 30 in either the N range or R range as a third shift position or fourth shift
position after a shift position change, the waiting time is not uniform. As a result, it is
possible to prevent the action of moving the vehicle 10 from being delayed and improve
the fuel consumption efficiency and the durability of the start control system by changing
the waiting time in the N range or R range to the first waiting time T1 that allows engine
start with high engine starting responsivity or to the second waiting time T2 during which
restart of the engine is inhibited as appropriate.

[0050] In addition, according to this embodiment, when a shift operation to the
R range is made to move the vehicle backward immediately after the vehicle is moved
forward with the D range in order to parallel park the vehicle, for example, it is highly
possible that the duration Td after the automatic stop of the engine 30 in the R range will
be shorter than the reference time Tth. In such a case, the engine 30 can be quickly
restarted when a second waiting time T2 that provides a short waiting time is set as an
engine restarting condition. When the vehicle 10 is stopped and the engine 30 is

automatically stopped on a road crowded with vehicles during a traffic congestion, for
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example, it is highly possible that the duration Td after the automatic stop of the engine
30 in the D range will be equal to or longer than the reference time Tth because the driver
checks the traffic flow before making a shift operation from the D range to the P range
after the vehicle 10 is stopped. In such a case, when a first waiting time T1 that
provides a long waiting time is set as a condition for restarting the engine 30, restart of
the engine 30 in the N range or R range can be prevented even when a shift operation
from the D range to the P range is made.

[0051]  While the waiting times T1 and T2 in the N range and the waiting times
T1 and T2 in the R range are respectively set to the same length by the waiting time
setting means 134 in the above embodiment, the waiting times T1 and T2 in the N range
and the waiting times T1 and T2 in the R range may not be respectively set to the same
length.

[0052]  Thus, in this embodiment, the waiting times T1 and T2 in the N range
and the waiting times T1 and T2 in the R range are respectively set to different lengths in
contrast to the above embodiment. It should be noted that description of the matters that
are not different from those in the flowchart in FIG. 5 is omitted in this embodiment.

[0053] More specifically, FIG. 6 is a flowchart that illustrates an essential part
of the control operation of the electronic control unit 120 in this embodiment. The
flowchart is different from the flowchart in FIG. 5 in that the waiting times T1 and T2 in
the N range and the waiting times T1 and T2 in the R range are respectively different in
length. For example, in FIG. 6, it is determined whether the duration Td in the R range
has reached a predetermined reference time Tth in S28 that corresponds to the reference
time determination means 128. If the determination in S28 is positive, a first waiting
time T3 is set as the waiting time by the waiting time setting means 134. If the
determination in S28 is negative, a second waiting time T4 is set as the waiting time.

[0054] In S29 that corresponds to the waiting time determination means 126, it
is determined whether the shift lever 96 has been operated from the N range to the R
range within the first waiting time T3, which is set shorter than the first waiting time T1.

If the determination in S9 is negative, in other words, a shift operation from the R range
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to the P range was not made within the first waiting time T3, a signal that cancels the
automatic engine stop control is output to the engine output control means 122, and an
engine output control command signal Sg that automatically starts the engine 30 is output
from the engine output control means 122 to the engine 30 to start the engine 30
automatically in S211 that corresponds to the automatic engine stop control means 124,
If the determination in S29 is positive, the automatic engine stop control in the P range is
continued in S212 that corresponds to the automatic engine stop control means 124,

[0055] In S210 that corresponds to the waiting time determination means 126, it
is determined whether the shift lever 96 has been operated from the N range to the R
range within a second waiting time T4, which is set shorter than the second waiting time
T2. If the determination in S210 is negative, in other words, a shift oi)eration from the
R range to the P range was not made within the second waiting time T2, a signal that
cancels the automatic engine stop control is output to the engine output control means
122, and an engine output control command signal Sg that automatically starts the engine
30 is output from the engine output control means 122 to the engine 30 to start the engine
30 automatically in S211 that corresponds to the automatic engine stop control means
124. If the determination in S210 is positive, the automatic engine stop control in the P
range is continued in S212 that corresponds to the automatic engine stop control means
124.

[0056] It should be noted that, in this embodiment, the first waiting time T3 is
set shorter than the first waiting time T1, and is preferably 400 msec. The second
waiting time T4 is set shorter than the second waiting time T2, and is preferably 32 msec.

[0057]  As described above, according to this embodiment, the first waiting time
T3 is set shorter than the first waiting time T1 and the second waiting time T4 is set
shorter than the second waiting time T2. Thus, the waiting times T3 and T4 in the R
range are set shorter than the waiting times T1 and T2 in the N range, respectively. Asa
result, the responsivity of engine restart in the R range, in which a high responsivity of

the starting action is required than in the N range, can be improved.
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[0058]  While embodiments of the invention have been described in detail in the
foregoing based on the drawings, the invention is also applicable to other aspects.

[0059] In addition, while two waiting times, the first waiting time and second
waiting time, are set in the above embodiments, the second waiting time may not be a fix
value. For example, the waiting time may be set longer as the duration Td of an
automatic stop in the D range is longer. In this case, the waiting time is not uniform.
As a result, the waiting time increases and the automatic engine stop can be continued to
inhibit restart of the engine for a longer time as the duration Td before a shift position
change is longer, in other words, the driving condition or traveling condition is less
desirable for engine restart. Thus, quick draining of the battery can be prevented and
the fuel consumption efficiency and the durability of the start control system can be
improved.

[0060]  While the first waiting time T1 is set longer than the second waiting time
T2 in the above embodiment, the first waiting time T1 may be set shorter than the second
waiting time T2 depending on the operating conditions or traveling status of the vehicle
10. For example, when a shift to the P range is made after the vehicle is moved forward
to a parking position with the D range in order to park the vehicle in a head-in direction,
it is highly possible that the driver will makes a quick shift from the D range to the P
range because the driver has an intention to park the vehicle and it is therefore highly
possible that the duration Td after the automatic stop of the engine 30 in the D range will
be shorter than the reference time Tth. In such a case, when a second waiting time T2
that provides a long waiting time is set as an engine restarting condition, restart of the
engine 30 can be inhibited. For example, when the engine 30 is once automatically
stopped in the P range and then the vehicle is started with the R range or the D range, it is
highly possible that the duration Td after the automatic stop of the engine 30 in the P
range will be equal to or longer than the reference time Tth because the driver at least
once has an intention to park the vehicle when making a shift to the P range. In such a
case, the engine 30 can be quickly restarted when a first waiting time T1 that provides a

short waiting time is set as an engine restarting condition.
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[0061]  While the waiting time in the shift position after a shift position change
is changéd based on a determination on whether the duration Td for which automatic
engine stop control is continued in the shift position before the shift position change has
reached the reference time Tth in the above embodiments, thé method for determining
whether the driver operated the shift lever 96 with the intention of moving the vehicle 10
is not limited to determining whether the duration Td of automatic engine stop control
has reached the reference time Tth. Either the first waiting time T1 or second waiting
time T2 may be set based on an ON-operation of the parking brake 20, an operation of an
auxiliary machine during automatic engine stop control, information on the position of
the vehicle 10, vehicle speed, travel distance, the amount of depression of the brake or the
like, or may be set based on the above operations and acquired information in
combination.

[0062] While the reference time determination means 128 determines whether
the duration Td for which automatic engine stop control is continued in the D range has
reached the reference time Tth in the above embodiments, the reference time
determination means 128 may determine the duration Td for which automatic engine stop
control is continued in another range. For example, when a shift operation from the P
range to the D range is made, it may be determined whether the duration Td for which
automatic engine stop control is continued in the P range has reached the reference time
Tth to change the waiting time in the R range.

[0063] While the automatic engine stop control in the N range is cancelled if the
determination on whether a shift operation from the N range to the R range has been
made within the waiting time T2 is negative in S4 and S5 in FIG. 5 in the above
embodiments, for example, the determination in the N range may not be made. In other
words, S7 may be executed without the determinations in S4 and S5 in FIG. 5 if the
determination in S3 is positive. On the contrary, the controller for a vehicle may be a
controller that does not have S7 to S11.

[0064] The automatic engine stop control that is described in the above

embodiments is not limited to the one that is performed when the vehicle 10 is
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decelerated or stopped as the driver operating the brake and may be the one that is
performed to stop the engine automatically to bring the vehicle into a free-running state
when the vehicle is traveling at a low speed.

[0065] In addition, the above-mentioned embodiments may be implemented in
combination according to established priorities, for example.

[0066] The above-mentioned embodiments are provided as illustrative
embodiments, and the invention may be implemented in an aspect with various

modifications and improvements based on the knowledge of those skilled in the art.
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CLAIMS:

1. A controller for a vehicle, the vehicle including an engine and a transmission gear
device, the controller comprising:

an electronic control unit configured to:

(i) stop the engine automatically when predetermined engine stopping conditions
are fulfilled, the predetermined engine stopping conditions including fulfillment of a shift
position condition of the transmission gear device,

(ii) start the engine automatically when a predetermined waiting time has elapsed
since a change in shift position, and

(iii) change the predetermined waiting time depending on a duration of an automatic

stop of the engine.

2. The controller according to claim 1,
wherein the electronic control unit is configured to increase the predetermined

waiting time as the duration before the change in shift position is longer.

3. The controller according to claim 1 or 2,

wherein the transmission gear device includes a plurality of shift positions, the
plurality of shift positions including a first shift position and a second shift position,

the shift position condition is fulfilled in the first shift position and the second shift
position, and

the electronic control unit is configured to change the predetermined waiting time
when the shift position is changed to a third shift position that is located between the first

shift position and the second shift position.

4. The controller according to claim 3,
wherein the first shift position is a forward travel position,
the second shift position is a parking position, and

the third shift position is one of a neutral position and a reverse travel position.
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5. The controller according to claim 3,

wherein the electronic control unit is configured to change the predetermined
waiting time when the shift position is changed to a fourth shift position that is located
between the first shift position and the second shift position, and

the electronic control unit is configured to set the predetermined waiting time in the
third shift position and the predetermined waiting time in the fourth shift position to

different lengths.

6. The controller according to claim 5,

wherein the first shift position is a forward travel position,

the second shift position is a parking position,

the third shift position is one of a neutral position and a reverse travel position, and
the fourth shift position is the other of the neutral position and the reverse travel

position.

7. The controller according to claim 4 or 6,
wherein the electronic control unit is configured to set the predetermined waiting
time in the reverse travel position equal to or shorter than the predetermined waiting time

in the neutral position.

8. A control method for a vehicle, the vehicle including an engine and a
transmission gear device, the control method comprising:

stopping the engine automatically when predetermined engine stopping conditions
are fulfilled, the predetermined engine stopping conditions including fulfillment of a shift
position condition of the transmission gear device,

starting the engine automatically when a predetermined waiting time has elapsed

since a change in shift position, and
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changing the predetermined waiting time depending on a duration of an automatic

stop of the engine.
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