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(57) ABSTRACT 

In the vehicle provided With a device to automatically 
stop/start an engine, When a brake pedal depression amount 
decreases in a state Where the engine has temporarily 
stopped, the engine is restarted to alert the driver. The brake 
pedal depression amount in this case is set to a level such 
that a braking force exceeds a creep force. This restarting of 
the engine encourages the driver to step on the brake pedal, 
and reinforces braking force. As a result, When the engine is 
restarted after temporarily stopping due to a command from 
a control unit regardless of the driver’s intention, such as 
When the battery is being charged, there is less release of the 
brake pedal. In this Way, moving-off of the vehicle regard 
less of the driver’s intention can be prevented. 

When automatic stop conditions are satis?ed, the engine 1 
stops, and When start conditions are satis?ed, an induction 
motor 2 for starting the vehicle is started to restart the engine 
1. If the brake pedal depression amount decreases even 
slightly during temporary stop of the engine, When the brake 
is released, the engine is restarted. Due to the generation of 
a creep force, the driver is requested to step on the brake 
pedal again. As a result, When the engine restarts, for 
example in order to charge the battery, after temporarily 
stopping due to a command from the controller unrelated to 
the driver’s intention, the vehicle can be prevented from 
moving off. 
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AUTOMATIC STOP/RESTART DEVICE OF 
VEHICLE ENGINE 

FIELD OF THE INVENTION 

[0001] This invention relates to a device for automatically 
stopping and restarting an engine. 

BACKGROUND OF THE INVENTION 

[0002] Tokkai 2000-274273 published by the Japanese 
Patent Office in 2000 discloses a device for automatically 
stopping an engine to conserve fuel When a vehicle has 
temporarily stopped, and automatically restarting When the 
driver steps on the accelerator pedal, While traveling and in 
the state Where a transmission remains in a drive range. 

SUMMARY OF THE INVENTION 

[0003] In a vehicle equipped With an automatic stop/restart 
device of this type, the engine is restarted based on the 
command of a control unit, and it is possible that the engine 
Will be restarted unintentionally by the driver, for eXample, 
When the battery voltage drops. If the brake pedal is not 
depressed When this automatic restart is performed, the 
vehicle moves although unintended by the driver. 

[0004] It is therefore an object of this invention to prevent 
a vehicle moving When the engine is restarted based on the 
command of the control unit Which is not based on the 
driver’s intention, in a vehicle provided With the automatic 
stop/restart device Which is capable of performing automatic 
stop/restart in a drive range. 

[0005] In order to achieve above object, this invention 
provides an automatic stop/restart device for an engine of a 
vehicle, the vehicle comprising a drive Wheel, an accelerator 
pedal, a brake pedal, a battery, and a motive force transmis 
sion mechanism Which transmits a creep force to the drive 
Wheel according to the rotation of an engine. 

[0006] The automatic stop/restart device comprises a 
motor Which starts the engine, a sensor Which detects if the 
transmission mechanism is in a drive range Wherein the 
creep force is transmitted to the drive Wheel, a sensor Which 
detects that the brake pedal is depressed, a sensor Which 
detects that the accelerator pedal is depressed, a sensor 
Which detects a state of charge (SOC) of the battery, a sensor 
Which detects a depression amount of the brake pedal, and 
a microprocessor. 

[0007] The microprocessor is programmed to stop the 
rotation of the engine When the brake pedal is depressed and 
the vehicle is stationary, determine if the vehicle is in an 
idling stop state Wherein the brake pedal is depressed, the 
vehicle is stationary With the engine stopped and the trans 
mission mechanism is in the drive range, restart the engine 
by the motor When the accelerator pedal is depressed or the 
battery SOC has fallen beloW a predetermined SOC in the 
idling stop state, and restart the engine by the motor When 
the brake pedal depression amount has decreased by a 
predetermined amount in the idling stop state. 

[0008] The details as Well as other features and advantages 
of this invention are set forth in the remainder of the 
speci?cation and are shoWn in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic diagram of a vehicle drive 
system to Which this invention is applied. 
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[0010] FIG. 2 is a ?oWchart describing an engine stop/ 
restart control routine performed by a control unit according 
to this invention. 

[0011] FIG. 3 is a ?oWchart describing an engine stop/ 
restart control routine according to a second embodiment of 
this invention. 

[0012] FIG. 4 is a diagram describing a relation betWeen 
a road surface slope and a braking force required for 
stopping the vehicle. 

[0013] FIG. 5 is a ?oWchart describing an engine stop/ 
restart control routine according to a third embodiment of 
this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Referring to FIG. 1 of the draWings, a vehicle drive 
system to Which this invention is applied comprises an 
engine 1, an induction motor 2 Which is connected With the 
engine 1, a continuously variable transmission (CVT) 3 and 
a torque converter 4. The engine 1 may be a gasoline engine 
or a diesel engine. The continuously variable transmission 3 
is connected to the induction motor 2 via the torque con 
verter 4. The rotation of an output shaft of the continuously 
variable transmission 3 is transmitted to drive Wheels 5 of 
the vehicle. Instead of the continuously variable transmis 
sion 3, a stepWise automatic transmission may be used. 
ForWard motion and reverse motion of the vehicle is 
changed over by a forward/reverse change-over mechanism, 
not shoWn, interposed betWeen the engine 1 and continu 
ously variable transmission 3. 

[0015] The induction motor 2 functions as a motor/gen 
erator. The induction motor 2 is connected to an output shaft 
of the engine either directly, or via a gear and a chain. The 
induction motor 2 functions as a motor, starting the rotation 
of the engine 1, and also supplements the output of the 
engine 1 if necessary. Further, the induction motor 2 func 
tions as a generator driven by the engine 1 and charges a 
battery 11 When a state of charge (SOC) of the battery 11 
decreases. It also generates poWer by recovering energy 
When the vehicle is coasting and charges the battery 11. 

[0016] The continuously variable transmission 3 com 
prises a pair of variable pulleys and a belt looped over these 
pulleys. By varying the diameters of these variable pulleys, 
the speed ratio of the rotation pulleys changes. The speed 
ratio is set to vary according to running conditions. The 
speed ratio is controlled by adjusting the pulley Width, i.e., 
the groove Width of the variable pulleys by oil pressure. 

[0017] A control unit 10 comprises a microprocessor pro 
vided With a central processing unit (CPU), a read-only 
memory (ROM), a random access memory (RAM), and an 
input/output interface (I/O interface) (not shoWn). 

[0018] The control unit 10 controls the induction motor 2 
via an inverter 12. When the induction motor 2 functions as 
a motor, the control unit 10 commands the inverter 12 to 
convert the direct current from the battery 11 into alternating 
current, and supply alternating current to the induction 
motor 2. When the induction motor 2 functions as a gen 
erator, the control unit 10 commands the inverter 12 to 
supply an exciting current to the induction motor 2, and 
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convert alternating current generated by the induction motor 
2 into direct current to charge the battery 11. 

[0019] The control unit 10 automatically stops the engine 
1 by commanding an engine control module 14, When, for 
example, the vehicle temporarily stops at a crossing. The 
automatic stopping of the engine on such an occasion is 
referred to as an idling stop. The control unit 10 drives the 
induction motor 2 to automatically restart the engine 1 When, 
for example, the accelerator pedal is depressed or the battery 
SOC drops. 

[0020] To perform this control, various signals are input 
from sensors to the control unit 10. They are a Water 
temperature sensor 21 Which detects an engine cooling Water 
temperature, an oil temperature sensor 22 Which detects an 
oil temperature of the continuously variable transmission 3, 
an oil pressure sensor 23 Which detects an oil pressure of the 
continuously variable transmission 3, a rotation sensor 24 
Which detects a rotation speed of the engine 1, a vacuum 
sensor 25 Which detects a negative pressure of a brake 
booster, a shift position sensor 26 Which detects a position 
of a shift lever, an accelerator sWitch 27 Which detects that 
an accelerator pedal is depressed, a brake stroke sensor 28 
Which detects a brake pedal depression amount, a brake 
sWitch 29 Which detects that a brake pedal is depressed, a 
drive Wheel rotation sensor 30 Which detects a rotation speed 
of the drive Wheels 5, a battery sensor 31 Which detects the 
SOC of the battery 11, a gradient sensor 32 Which detects 
Whether or not the vehicle is traveling on a doWnhill slope, 
a bonnet open/close sensor 33 Which detects Whether a 
bonnet of the vehicle is open or closed, and a door open/ 
close sensor 34 Which detects Whether or not doors of the 
vehicle are all closed. 

[0021] Referring to the ?oWchart of FIG. 2, the engine 
automatic stop and restart control performed by the control 
unit 10 Will noW be described. 

[0022] In a step S1, it is determined Whether or not the 
engine 1 has temporarily stopped With the transmission in a 
drive range, i.e., Whether the vehicle is in an idling stop state. 
The shift position sensor 26 determines Whether or not the 
transmission is in a drive range Wherein a creep force is 
transmitted to the drive Wheels 5. Based on signals from the 
engine rotation sensor 24, shift position sensor 26, drive 
Wheel rotation sensor 30, bonnet open/close sensor 33 and 
door open/close sensor 34, it is determined Whether or not 
the engine 1 has stopped While traveling. If the folloWing 
conditions are all satis?ed, it is determined that the engine 
1 has temporarily stopped With the transmission in the drive 
range, and the routine then proceeds to a step S2. 

[0023] (1) The engine rotation speed is 0. 

[0024] (2) The transmission is in the drive range. 

[0025] (3) The vehicle speed, i.e., the rotation speed of the 
drive Wheels, is 0. 

[0026] (4) The vehicle doors are all closed. 

[0027] (5) The vehicle bonnet is closed. 

[0028] In the step S2, it is determined Whether or not the 
restart condition holds, i.e., Whether or not an engine restart 
is required. The restart condition holds When at least one of 
the folloWing conditions is satis?ed. 
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[0029] (1) The accelerator pedal is depressed. In other 
Words, the accelerator sWitch is ON. 

[0030] (2) The brake is completely released. In other 
Words, the brake sWitch is OFF. 

[0031] (3) The battery SOC is less than a predetermined 
SOC. 

[0032] (4) The brake booster negative pressure is less than 
a predetermined negative pressure. 

[0033] (5) The engine cooling Water temperature is less 
than a predetermined Water temperature. 

[0034] (6) The transmission oil temperature is less than a 
predetermined oil temperature. 

[0035] (7) The transmission oil pressure is less than a 
predetermined oil pressure. 

[0036] For example, the predetermined SOC is set in the 
range of 30% to 40% of the full charge state, the predeter 
mined negative pressure is set to about 180 mmHg, the 
predetermined Water temperature is set to about 25° C., the 
predetermined oil temperature is set to about 25° C., and the 
predetermined oil pressure is set to about 0.7 MPa. In the 
present speci?cation, a “negative pressure” means a pressure 
difference relative to the atmospheric pressure. If a negative 
pressure is small, an absolute pressure is large. 

[0037] In the step S2, When the restart is not required, the 
routine proceeds to a step S3. 

[0038] In the step S3, it is determined Whether or not the 
brake pedal is slack. In the case Where the brake pedal 
depression amount has decreased by at least a predetermined 
amount after the engine has automatically stopped, it is 
determined that the braking has become slack, and startup of 
the engine 1 is commanded. 

[0039] In the step S3, When the brake pedal is slack, the 
routine proceeds to a step S4. Also, When there is a request 
for startup of the engine in the step S2, the routine proceeds 
to the step S4. When there is no slackness in braking in the 
step S3, the control operation is terminated. 

[0040] In the step S4, the control unit 10 starts the induc 
tion motor 2. Due to the rotation of the induction motor 2, 
a creep force is transmitted from the torque converter 4 to 
the drive Wheels 5 via the continuously variable transmis 
sion 3. Also, the engine 1 rotates together With induction 
motor 2. 

[0041] The creep force of the torque converter 4 is effec 
tively proportional to the square of the increase of rotation 
speed. 

[0042] Next, startup of the engine 1 is performed in a step 
S5. In the case of a gasoline engine, startup of the engine 1 
is performed by fuel injection to the engine, and ignition by 
a spark plug. Injection may start before ignition so that the 
ignition proceeds smoothly. 

[0043] After the startup of the engine 1 is performed, it is 
determined Whether or not engine stop is required in a step 
S6. When the engine 1 has not automatically stopped With 
the transmission in the drive range in the step S1, the routine 
proceeds directly to the step S6. 

[0044] When the folloWing conditions are all satis?ed, it is 
determined that the automatic engine stop is required. 
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[0045] (1) The vehicle speed is 0. 

[0046] (2) The brake pedal is depressed. In other Words, 
the brake switch is ON. 

[0047] (3) The vehicle doors are all closed. 

[0048] (4) The vehicle bonnet is closed. 

[0049] (5) The battery SOC is equal to or greater than the 
predetermined SOC. 

[0050] (6) The brake booster negative pressure is equal to 
or greater than the predetermined negative pressure. 

[0051] (7) The engine cooling Water temperature is equal 
to or greater than the predetermined Water temperature. 

[0052] (8) The transmission oil temperature is equal to or 
greater than the predetermined oil temperature. 

[0053] (9) The transmission oil pressure is equal to or 
greater than the predetermined oil pressure. 

[0054] If the automatic engine stop is required, the routine 
proceeds to a step S7. 

[0055] In the step S7, the control unit 10 stops the engine 
1 via the engine control module 14, i.e., the idling stop is 
performed, and the routine is terminated. 

[0056] If the automatic engine stop has not been required 
in the step S6, the routine terminates Without performing the 
process of the step S7. 

[0057] Subsequently, the ?owchart described above is 
repeated at a predetermined interval, e.g., 10 msec, as an 
interrupt processing. 

[0058] Next, the results of the control shoWn in the flow 
chart of FIG. 2 Will be described. 

[0059] When the conditions are satis?ed for restarting the 
engine 1 in a state Where the engine has stopped, the restart 
of the engine 1 is performed, and a creep force is generated 
correspondingly. The engine restarts in the folloWing tWo 
cases. Firstly, the driver intentionally restarts the engine. 
This is the case Where the driver releases the brake pedal, 
and depresses the accelerator pedal. 

[0060] The other case is Where the engine restarts due to 
a command from the control unit 10 despite the fact that the 
driver has not intended to start the vehicle. This occurs 
When, for example, the induction motor 2 generates poWer 
due to the fact that the battery SOC has fallen beloW the 
predetermined SOC. 

[0061] According to experimental results, the braking 
force due to the driver during the vehicle stop is much larger 
than the creep force When the engine restarts. Therefore, 
even if the engine restarts due to a command from the 
control unit 10 When unintended by the driver, the drive 
Wheels usually do not rotate and the vehicle does not move 
off. 

[0062] It may occur, hoWever, that the driver releases the 
depressing force of the brake pedal unconsciously When the 
engine has temporarily stopped. If the brake pedal is 
released to the extent that the braking force becomes less 
than the creep force and the engine 1 is also restarted by a 
command from the control unit 10, the vehicle Will gradually 
move off. 
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[0063] HoWever, according to this invention, When the 
brake pedal has been slack in the state Where the engine has 
stopped, the engine 1 restarts. As a result, When the braking 
force becomes even slightly Weaker, the engine 1 restarts 
immediately as a Warning to the driver before the braking 
force becomes less than the creep force. In this case, the 
drive Wheels 5 do not rotate due to restart of the engine 1. 
The slackness of the braking is detected as a variation in the 
brake pedal depression amount. As described above, in the 
state Where the engine has automatically stopped, the brake 
pedal depression amount is detected by the brake stroke 
sensor 28. If the brake pedal depression amount has 
decreased by at least a predetermined amount from the brake 
pedal depression amount When the operation of the engine 1 
has stopped, it is determined that the brake pedal is slack 
even if the brake sWitch 29 is ON. The predetermined 
amount is, for example, set to be 5 mm. 

[0064] The driver becomes aWare of the restarting of the 
engine, and depresses the brake pedal if he does not intend 
to start the vehicle. When the brake pedal is again depressed, 
the conditions for the automatic engine stop are satis?ed, so 
the engine stops. Thus, if the driver’s brake depression 
becomes Weaker in the state Where the engine has automati 
cally stopped, the driver is alerted by the restart of the 
engine. Therefore, even When an engine restart unintended 
by the driver is performed due to a drop in the battery SOC, 
there is little risk that the vehicle Will start to move, because 
the driver has been frequently alerted to insufficient braking 
in the state Where the engine has automatically stopped. As 
a result, the vehicle can be prevented from moving unin 
tentionally under a creep force. 

[0065] Next, a second embodiment of this invention Will 
be described referring to FIG. 3 and FIG. 4. 

[0066] The ?oWchart of FIG. 3 shoWs the control routine 
performed by the control unit 10 according to the second 
embodiment. 

[0067] In this embodiment, the engine is restarted due to 
a Weakening of brake force only When the vehicle is on a 
doWnWard slope. According to this embodiment, the driver 
can slightly release the brake When the vehicle is on a ?at 
road. 

[0068] To realiZe the above concept, When the brake pedal 
is slack in the step S3, it is determined in a step S8 Whether 
or not the doWnhill gradient of a road surface detected by the 
gradient sensor 32 is greater than a predetermined gradient. 
When the doWnhill gradient of the road surface is less than 
the predetermined gradient, engine restart is not performed 
and the control operation is terminated. The control opera 
tion is terminated also When there is no slackness of the 
brake pedal in the step S3. The predetermined gradient of the 
doWnhill is, for example, set to be in the range of 5% to 10%. 

[0069] In this Way, While the vehicle has stopped on a ?at 
road or a gentle doWnhill slope, engine restart is not per 
formed even if it is determined that the brake pedal is slack 
in the step S3. 

[0070] Hence, the driver can cause the brake pedal to be 
slack and rest his foot When the vehicle is at rest on a ?at 
road. In this case, the driver may have a feeling that is close 
to the case Where idling stop is not performed. 

[0071] On the other hand, on a slope Which has a doWnhill 
gradient larger than the predetermined gradient, the routine 
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shifts to the step S4 and the induction motor 2 starts. Next, 
the engine 1 restarts in the step S5. 

[0072] FIG. 4 shoWs the relation betWeen the gradient of 
the road surface and the braking force required to stop the 
vehicle. The solid line shoWs the braking force required to 
stop the vehicle When the engine has stopped relative to the 
gradient of the road surface. The dotted line shoWs the 
braking force required When a creep force is produced With 
the engine running relative to the gradient of the road 
surface. When a creep force is produced due to engine restart 
on a doWnhill slope, a large braking force is required 
compared to a ?at road or uphill slope to prevent the vehicle 
from moving. According to experiment, the braking force 
due to brake pedal depression is effectively distributed in the 
dotted region of FIG. 4. Normally, the braking force When 
the vehicle is at rest is larger than the creep force. If the 
actual slope is greater than the slope recogniZed by the 
driver, the braking force may approach the minimum brak 
ing force required to keep the vehicle stationary. If the 
braking becomes slack in this case, the vehicle may move off 
due to the creep force. 

[0073] HoWever, When the doWnhill gradient is greater 
than the predetermined gradient and the braking becomes 
slack, the driver is alerted by immediate restart of the engine. 
As a result, the brake pedal is again ?rmly depressed, so the 
moving-off of the vehicle is de?nitively prevented. 

[0074] A third embodiment of this invention Will noW be 
described referring to the ?oWchart of FIG. 5. 

[0075] According to this embodiment, in the case Where 
the slackness in the braking has been detected, the engine 1 
starts after the induction motor 2 has rotated Within a 
predetermined time. When the induction motor 2 rotates, the 
engine 1 also rotates together, hoWever, until the predeter 
mined time has elapsed, fuel is not supplied to the engine 1. 
The driver is alerted at a creep force of the induction motor 
2 Which is less than the creep force due to the engine 
rotation, so the driver is encouraged to further depress the 
brake pedal before a large creep force is eXerted on the 
vehicle. 

[0076] Therefore, When it is determined in the step S3 that 
braking has become slack, and When it is determined in a 
step S8 that the doWnhill gradient is greater than the pre 
determined gradient, the induction motor 2 is started in a 
step S9. Subsequently, in the step S10, it is determined 
Whether or not the brake pedal has been further depressed, 
i.e. Whether or not the brake pedal is slack, based on a signal 
from the brake stroke sensor 28. When the brake pedal is not 
further depressed, it is determined in a step S11 Whether or 
not the predetermined time, e.g., 1.5 seconds, has elapsed 
after the induction motor 2 has started. When the predeter 
mined time has not elapsed, the routine returns to the step 
S10. 

[0077] If the driver becomes aWare of a Weak creep force 
due to starting of the induction motor 2 during this prede 
termined time of, e.g., 1.5 seconds, and depresses the brake 
pedal further, the routine proceeds from the step S10 to the 
step S12. In the step S12, the induction motor 2 stops, and 
the startup of the engine Will not be performed. 

[0078] The creep force due to the operation of the induc 
tion motor 2 is less than the creep force due to the operation 
of the engine, so even When the braking has become slack, 
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there is very little possibility that the vehicle Will move off 
due to the starting of the induction motor 2. Therefore, it is 
possible to alert the driver Without actually starting the 
vehicle. If the driver depresses the brake pedal during this 
alert and eliminate the slackness of the brake pedal, the 
induction motor 2 stops. Therefore, an appropriate Warning 
is given to the driver, and the idling stop state of the engine 
1 can be maintained. 

[0079] If the brake pedal is not further depressed Within 
the predetermined time, the routine proceeds to the step S5 
from the step S11 and the startup of the engine 1 is 
performed. Due to the startup of the engine 1, a more 
poWerful creep force is generated, and the driver is strongly 
motivated to depress the brake pedal more ?rmly. 

[0080] If the creep force due to the induction motor 2 is set 
to be as small as the eXtra drive force usually added by the 
eXtra engine rotation When the air-conditioner is operated, 
the vehicle Will de?nitely not move off. Therefore, the driver 
can effectively be alerted to a drop in the brake force Without 
risking the vehicle to move. 

[0081] In this embodiment, When the brake is slack, the 
induction motor 2 starts during the predetermined time only 
When the vehicle is stationary on a doWnhill slope having a 
gradient greater than the predetermined gradient. HoWever, 
this control of the induction motor 2 may of course also be 
performed When the vehicle stops on a ?at road. Also, in this 
embodiment, the engine 1 is started after the induction motor 
2 is driven for the predetermined time after the braking Was 
found to be slack. HoWever, control may be performed to 
stop the engine When it is detected that the brake pedal is 
depressed ?rmly Within the predetermined time after the 
engine 1 starts immediately due to rotation of the induction 
motor 2. 

[0082] The entire contents of Japanese Patent Applications 
P2000-37040 (?led Feb. 15, 2000) are incorporated herein 
by reference. 

[0083] Although the invention has been described above 
by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described 
above. Modi?cations and variations of the embodiments 
described above Will occur to those skilled in the art, in light 
of the above teachings. The scope of the invention is de?ned 
With reference to the folloWing claims. 

What is claimed is: 
1. An automatic stop/restart device for an engine of a 

vehicle, the vehicle having a drive Wheel, an accelerator 
pedal, a brake pedal, a battery, and a motive force transmis 
sion mechanism Which transmits a creep force to the drive 
Wheel according to a rotation of the engine, comprising, 

a motor Which starts the engine, 

a sensor Which detects if the transmission mechanism is in 
a drive range Wherein the creep force is transmitted to 
the drive Wheel, 

a sensor Which detects that the brake pedal is depressed, 

a sensor Which detects that the accelerator pedal is 
depressed, 

a sensor Which detects a state of charge (SOC) of the 
battery, 
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a sensor Which detects a depression amount of the brake 
pedal, and 

a microprocessor programmed to: 

stop the rotation of the engine When the brake pedal is 
depressed and the vehicle is stationary, 

determine if the vehicle is in an idling stop state 
Wherein the brake pedal is depressed, the vehicle is 
stationary With the engine stopped, and the transmis 
sion mechanism is in the drive range, 

restart the engine by the motor When the accelerator 
pedal is depressed or the battery SOC has fallen 
beloW a predetermined SOC in the idling stop state, 
and 

restart the engine by the motor When the brake pedal 
depression amount has decreased by a predetermined 
amount in the idling stop state. 

2. The automatic stop/restart device as de?ned in claim 1, 
Wherein the predetermined amount is set to an amount Where 
the vehicle can be maintained in a stationary state against the 
creep force. 

3. The automatic stop/restart device as de?ned in claim 1, 
Wherein the restart device further comprises a sensor Which 
detects a negative pressure of a brake booster With Which the 
brake is provided, and 

the microprocessor is further programmed to restart the 
engine by the motor regardless of the operation of the 
brake pedal When the brake booster negative pressure 
has fallen beloW a predetermined negative pressure in 
the idling stop state. 

4. The automatic stop/restart device as de?ned in claim 1, 
Wherein the restart device further comprises a sensor Which 
detects an engine cooling Water temperature, and 

the microprocessor is further programmed to restart the 
engine by the motor regardless of the operation of the 
brake pedal When the engine cooling Water temperature 
has fallen beloW a predetermined Water temperature in 
the idling stop state. 

5. The automatic stop/restart device as de?ned in claim 1, 
Wherein the restart device further comprises a sensor Which 
detects an oil temperature of a transmission With Which the 
motive force transmission mechanism is provided, and 

the microprocessor is further programmed to restart the 
engine by the motor regardless of the operation of the 
brake pedal When the oil temperature of the transmis 
sion has fallen beloW a predetermined oil temperature 
in the idling stop state. 

6. The automatic stop/restart device as de?ned in claim 1, 
Wherein the restart device further comprises a sensor Which 
detects an oil pressure of a transmission With Which the 
motive force transmission mechanism is provided, and 

the microprocessor is further programmed to restart the 
engine by the motor regardless of the operation of the 
brake pedal When the oil pressure of the transmission 
has fallen beloW a predetermined oil pressure in the 
idling stop state. 

Aug. 16, 2001 

7. The automatic stop/restart device as de?ned in claim 1, 
Wherein the restart device further comprises a sensor Which 
detects a gradient of the vehicle, and 

the microprocessor is further programmed to prevent the 
motor from starting When the vehicle is not on a 
doWnWard gradient greater than a predetermined gra 
dient even if the brake pedal depression amount has 
decreased by more than the predetermined amount in 
the idling stop state. 

8. The automatic stop/restart device as de?ned in claim 1, 
Wherein the microprocessor is further programmed to pre 
vent the engine from starting for a predetermined time While 
operating the motor When the brake pedal depression 
amount has decreased by the predetermined amount. 

9. The automatic stop/restart device as de?ned in claim 1, 
Wherein the microprocessor is further programmed to stop 
the running of the engine again after restart of the engine, 
When the brake pedal has been depressed Within a prede 
termined time from restart of the engine via the motor. 

10. The automatic stop/restart device as de?ned in claim 
8, Wherein the motive force transmission mechanism is 
further designed to transmit a creep force to the drive Wheel 
according to the rotation of the motor. 

11. The automatic stop/restart device as de?ned in claim 
8, Wherein the microprocessor is further programmed to stop 
the operation of the motor When the brake pedal is depressed 
Within the predetermined time. 

12. An automatic stop/restart device for an engine of a 
vehicle, the vehicle comprising a drive Wheel, an accelerator 
pedal, a brake pedal, a battery, and a motive force transmis 
sion mechanism Which transmits a creep force to the drive 
Wheel according to a rotation of the engine, comprising, 

means for detecting if the transmission mechanism is in a 
drive range Wherein the creep force is transmitted to the 
drive Wheel, 

means for detecting that the brake pedal is depressed, 

means for detecting that the accelerator pedal is 
depressed, 

means for detecting a state of charge (SOC) of the battery, 

means for detecting a depression amount of the brake 
pedal, 

means for stopping the rotation of the engine When the 
brake pedal is depressed and the vehicle is stationary, 

means for determining if the vehicle is in an idling stop 
state Wherein the brake pedal is depressed, the vehicle 
is stationary With the engine stopped, and the transmis 
sion mechanism is in the drive range, 

means for restarting the engine When the accelerator pedal 
is depressed or the battery SOC has fallen beloW a 
predetermined SOC in the idling stop state, and 

means for restarting the engine When the brake pedal 
depression amount has decreased by a predetermined 
amount in the idling stop state. 

* * * * * 


