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VEHICLE CONTROL APPARATUS FOR DIAGNOSING THE CURRENT STATE OF THE
BATTERY AND FOR CONTROLLING THE START-STOP FUNCTION ACCORDINGLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a vehicle control apparatus.

2. Description of Related Art

[0002] There has been known an automatic stop-start control apparatus for an
internal combustion engine, in which when an abnormality occurs in the power supply
circuit, sometimes electric power cannot be supplied to an E/G starter motor from a battery,
and thus the automatic stop-start control for the engine is not performed (for example, refer

to Japanese Patent Application Publication No. 2001-069681 (JP 2001-069681 A)).

SUMMARY OF THE INVENTION

[0003] It is useful to initiate idling stop control in a non-stop state of the vehicle
by taking account of the state of the battery.

[0004] The present invention pro‘vides a vehicle control apparatus that is capable
of initiating the idling stop control in the non-stop state of the vehicle by taking account of
the state of the battery. »

[0005] The vehicle control apparatus according to the solutiqn of the present
invention includes a current sensor that detects a current value of a battery; and a
processing device that suppresses initiation of idling stop control in a vehicle non-stop
state with a vehicle speed higher than 0, in the case where an abnormal state of the battery
is detected based on an output signal of the current sensor in the vehicle non-stop state.

[0006) According to the present invention, it is possible to provide a vehicle
control apparatus that is capable of initiating the idling stop control in the non-stop state of

the vehicle by taking account of the state of the battery.

CONFIRMATION COPY
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] 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 structural diagram of a power supply system of a vehicle according to an
embodiment;

FIGs. 2A and 2B are diagrams showing exemplary structures associated with a brake
booster;

FIG. 3 is a systematic structural diagram of a control system according to an
embodiment;

FIGs. 4A and 4B are flowcharts showing an example of S&S initiation processing
performed by an S&S control part; |

FIG. 5 is a flowchart showing another example of S&S initiation processing
performed by the S&S control part; |

FIG. 6 is a flowchart showing an example of S&S termination processing performed
by the S&S control part;

FIG. 7 is a flowchart showing an example of processing performed by an abnormality'
detection part and a control suppression part;

FIG. 8 is a flowchart showing another example of processing performed by the
abnormality detection part and the control suppression part;

FIG. 9 is a flowchart showing another example of processing performed by the
abnormality detection part and the control suppression part;

FIG. 10 is a flowchart showing another example of processing performed by the
abnormality detection part and the control suppression part;

FIG. 11 is a diagram explaining an example of the method for setting a predetermined
value;

FIG. 12 is a flowchart showing another example of processing performed by the

abnormality detection part and the control suppression part; and
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FIG. 13 is a flowchart showing another example of processing performed by the

abnormality detection part and the control suppression part.

DETAILED DESCRIPTION OF EMBODIMENTS

[0008] Hereinafter, various embodiments will be described in detail with _
reference to the accompanying drawings.

[0009] FIG. 1 is a structural diagram of a power supply system of a vehicle
according to an embodiment. As shown in FIG. 1, the present embodiment is suitable to
be mounted in vehicles equipped only with an engine (that is, vehicles other than a hybrid
vehicle or an electrical vehicle). In the structure shown in FIG 1, an alternator 40 is
mechanically connected with an engine 42. The alternator 40 is an electric generator for
generating electric power by using the power from the engine 42. The electric power
generated by the alternator 40 is used to charge a battery 60 and/or to drive vehicle loads
50. In addition, the battery 60 is provided with a current sensor 62. The current sensor
62 detects the battery current (the charge current and/or discharge current of the battery 60).
The battery 60 is typically a lead battery, and may also be other kinds of batteries (or
capacitors). A voltage sensor 64 is provided in the battery 60. The vehicle loads 50 may
be any kinds of loads,' for example, a starter 52, an air conditioning device, wipers, and so
on. In such a structure, the state of charge (SOC) of the battery 60 can be controlled by
controlling the power generation voltage of the alternator 40.

[0010] However, the present embodiment may also be applied to a dual-power
supply structure. For example, the present embodiment can also be applied to a structure
obtained by arranging a second battery in parallel with the battery 60 in the structure
shown in FIG. 1. In this case, the starter 52 can be powered not only from the battery 60,
but also from the second battery.

[0011] In addition, hereinafter, description will be further given by way of
example on the premise of the structure shown in FIG. 1.

[0012] FIGs. 2A and 2B are diagrams showing exemplary structures associated .

with a brake booster. FIG. 2A shows a structure for generating a negative pressure by
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using the intake negative pressure of the engine 42, and FIG. 2B shows a structure for
generating a negative pressure by using the driving of an actuator 54, wherein the brake
booster 70 is a device for assisting the user’s brake operation by means of the negative
pressure. The brake booster 70 can be of any kind of specific structure, and the negative
pressure can also be generated by any kind of method. For example, the negative
pressure in the brake booster 70 can either be generated by using the intake negative
pressure of the engine 42 as shown in FIG. 2A, or be generated by driving the actuator 54,
such as a vacuum pump, as shown in FIG. 2B. In addition, the brake booster 70 is not
limited to the vacuum type, and may be compressed air type by using compressed air from
a compressor (am example of the actuator 54), or hydraulic pressure type by using a
hydraulic pressure pump (an example of the actuator 54). In the example shown in FIG.
2B, the negative pressure in the brake booster 70 can also be generated while the engine 42
is stopped. The actuator 54 is included in the vehicle loads 50 shown in FIG 1, and is
operated by the electric power from the battery 60.

[0013] In addition, hereinafter, description will be further given by way of
example on the premise of the structure shown in FIG. 2A.

[0014] FIG. 3 is a systematic structural diagram showing a control system
according to an embodiment.

[0015] The control system 1 includes a processing device 10. The processing
device 10 can be constructed by an operation processing device including a CPU.
Various functions (including the functions described later) of the processing device 10 can
be implemented by any hardware, software, firmware, or the combination thereof. For
example, any part or all of the functions of the processing device 10 can be implemented
by an ASIC (application-specific integrated circuit), a FPGA (Field Programmable Gate
Array), or a DSP (Digital Signal Processor), that is directed to a specific application. In
addition, the processing device 10 may also be implemented by a plurality of processing

devices (including the processing device in the sensor).
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[0016] The processing device 10 includes an abnormality detection part 20, a
control suppression part 22, and an S&S control part 30. In addition, S&S is an
abbreviation of Stop & Start.

- [0017] The S&S control part 30 is connected with a vehicle speed sensor 32 and
a pressure sensor 34 for detecting the negative pressure in the brake booster 70 (hereinafter
referred to as “booster negative pressure”). In addition, various information required for
determination of predetermined idling stop initiation conditions described later (e.g.,
information related to internal air temperature, operation amount of a brake pedal, etc.) or
the like, can be input to the S&S control part 30. The S&S control part 30 is connected
with the control suppression part 22. The control suppression part 22 is connected with
the abnormality detection part 20, and the abnormality detection part 20 is connected with
the current sensor 62.

[0018] In addition, the abnormality detection part 20, the control suppression
part 22 and the S&S control part 30 can be implemented as ECUs (electronic control unit),
respectively.  Alternatively, the abnormality detection part 20 and the control suppression
part 22 may be implemented by a single ECU, while the S&S control part 30 may be
implemented by another ECU. For example, the S&S control part 30 rhay be
implemented by an idling stop control ECU other than the engine ECU for controlling the
engine. In addition, in this case, the various ECUs may be connected in any manner.
For example, the connection may be achieved via a bus such as CAN (controller area
network), may be indirect connection via other ECU(s) etc., may be direct connection, or
may be achieved by wireless communication.

[0019] The abnormality detection part 20 detects the abnormal state of the
battery 60. The abnormal state of the detected object is, for example, an abnormal state in
which the engine 42 cannot be started by the starter 52. Hereinafter, as an example, the
open circuit fault state of the battery 60 is provided as the abnormal state of the detected
object. The open circuit fault of the battery 60 occurs due to an open circuit fault
occurred inside the battery 60, or disengagement of terminals (wiring terminals) of the

battery 60. The open circuit fault inside the battery 60 may occur due to internal
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mechanical damage (the pole is broken off, welding parts between the battery cells are
broken, or the like), invasion of corrosive substances, evaporation of electrolyte solution,
degradation over time, etc. In addition, when an open circuit fault occurs in the battery
60, current does not flow into the battery 60 any longer, and thus the battery current
detected by the current sensor 62 becomes almost 0.

[0020] There are various kinds of methods for detecting the open circuit fault of
the battery 60, and any method may be used. For example, the open circuit fault of the
battery 60 can be detected by using the method described in Japanese Patent Application
Publication No. 2007-225562 (JP 2007-225562 A). Preferred embodiments of the method
for detecting the open circuit fault of the battery 60 will be described later.

- [0021] The_control suppression part 22 suppresses the control of the S&S control
part 30 based on the detection result of the abnormality detection part 20, and so on. This
will be described later.

[0022] The S&S control part 30 determines whether predetermined idling stop
initiation conditions are satisﬁed_ or not based on the vehicle speed information from the
vehicle speed sensor 32, and so on, and if it is determined that the predetermined idling
stop initiation conditions are satisfied, the engine is stopped to initiate the idling stop
control. Hereinafter, for the sake of convenience, the idling stop control performed in the
vehicle stop state will be referred to as “stop S&S”. In addition, the initiation conditions
for the stop S&S will be referred to as “stop S&S initjation conditions”. The stop S&S
initiation conditions include the vehicle speed being 0. ‘Other conditions included by the
stop S&S initiation conditions may be any conditions, for example, may include the open
circuit fault of the battery 60 being not detected based on the voltage sensor 64, the brake
pedal being depressed, the negative pressure of the booster being at or above a
predetermined value, and conditions related to the air conditioner state, the SOC of the
battery 60, the road slope, etc.

[0023] The S&S control part 30 also initiates the idling stop control in the
vehicle deceleration state. Hereinafter, the idling stop control performed in the vehicle

deceleration state will be referred to as “deceleration S&S”. In addition, the initiation



10

15

20

25

WO 2015/145231 PCT/IB2015/000311

7
conditions for the deceleration S&S will be referred to as “deceleration S&S initiation
conditions”. The deceleration S&S initiation conditions include the vehicle speed being
at or below a predetermined vehicle speed Vth (hereinafter referred to as “E/G stop vehicle
speed Vth”). The E/G stop vehicle speed Vth can be a value within a low vehicle speed
range, such as around 13 km/h, and can also be set variable as described later. Other
conditions included by the deceleration S&S initiation conditions may be any conditions,
for example, may include the open circuit fault of the battery 60 being not detected based
on the voltage sensor 64, the brake pedal being depressed, the negative pressure of the
booster being at or above a predetermined value, and conditions related to the air
conditioner state, the SOC of the battery 60, the road slope, etc.

[0024] FIGs. 4A and 4B are flowcharts showing an example of the S&S
initiation processing performed by the S&S control part 30, wherein FIG 4A shows
processing related to the deceleration S&S, and FIG. 4B shows processing related to the
stop S&S. The processing routines shown in FIGs. 4A and 4B are repeatedly performed
in parallel, respectively, at a predetermined processing cycle time e.g. during the operation
of the engine 42. l

[0025] Referring to FIG. 4A, in step 400, it is determined whether or not a
decelerati_on S&S prohibition flag is set. The deceleration S&S prohibition flag is
sometimes set by the control suppression part 22. The deceleration S&S prohibition flag
will be described in detail later. In the case where the deceleration S&S prohibition flag
has been set, the prdcessing returns to step 400, otherwise proceeds to step 402.

[0026] In step 402, based on the information from the vehicle speed sensor 32, it
is deterrriined whether or not the vehicle speed is at or below the E/G stop vehicle speed
Vth. In the case where the vehicle speed is at or below the E/G stop vehicle speed Vth,
the processing proceeds to step 404, otherwise returns to step 400.

| [0027] In step 404, it is determined whether or not other deceleration S&S
initiation conditions are satisfied. As mentioned above, other deceleration S&S initiation
conditions may include the open circuit fault of the battery 60 being not detected based on

the voltage sensor 64, the brake pedal being depressed, etc. In the case where other
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deceleration S&S initiation conditions are satisfied, the processing proceeds to step 406,
otherwise returns to step 400.

[0028] In step 406, the deceleration S&S is initiated. That is, the engine 42 is
stopped.

[0029] In addition, in FIG 4A, the processing sequence of step 400, step 402,
and step 404 may be arbitrarily set. For example, the determination in step 402 may also
be performed preceding the determination in step 400.

[0030] Referring to FIG. 4B, in step 410, based on the information from the
vehicle speed sensor 32, it is determined whether or not the vehicle speed is 0. In the case
where the vehicle speed is 0, the processing proceeds to step 412, otherwise returns to step
410.

[0031] In step 412, it is determined whether or not other stop S&S initiation
conditions are satisfied. As mentioned. above, other stop S&S initiation conditions may
include the open circuit fault of the battery 60 being not detected based on the voltage
sensor 64, the brake pedal being depressed, etc. In the case where other stop S&S
initiation conditions are satisfied, the processing proceeds to step 414, otherwise returns to
step 410. In addition, the determination on other stop S&S initiation conditions may not
be repeatedly performed. That is, in the case where the determination in step 412 is NO,
the processing may be ended there (in this case, for the situation where the vehicle speed is
0 this time, the stop S&S is not initiated). Alternatively, the determination on other stop
S&S initiation conditions may be repeatedly performed for predetermined times or
predetermined period of time.

[0032] In step 414, the stop S&S is initiated. That is, the engine 42 is stopped.

[0033] In addition, in FIG. 4B, the 'processirig sequence of step 410 and step 412
may be arbitrarily set. For example, the determination in step 412 may also be performed
preceding the determination in step 410.

[0034] FIG. 5 is a flowchart showing another example of the S&S initiation
processing performed by the S&S control part 30. The processing shown in FIG 5 is

suitable to be performed in a structure in which the deceleration S&S prohibition flag is
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not used and the deceleration S&S and stop S&S are collectively performed (e.g. refer to
FIG. 10, FIG. 12 and FIG. 13 described later). Here, as a premise, in the deceleration S&S
initiation conditions and the stop S&S initiation conditions, conditions other than the
vehicle speed are set to be identical, and are simply referred to as “S&S initiation
conditions”. In addition, in the deceleration S&S initiation conditions and the stop S&S
initiation conditions, conditions other than the vehicle speed may also be different, and in
this case, the determination processing is differently performed in accordance with the
vehicle speed. The processing routine shown in FIG. 5 may be repeatedly performed at a
predetermined processing cycle time e.g. during the operation of the engine 42.

[0035] In step 500, based on the information from the vehicle speed sensor 32, it
is determined whether or not the vehicle speed is at or below the E/G stop vehicle speed
Vth. If the vehicle speed is at or below the E/G stop vehicle speed Vth, the processing
proceeds to step 502, otherwise returns to step 500.

[0036] In step 502, it is determined whether or not other S&S initiation
conditions are satisfied. As mentioned above, other S&S initiation conditions may
include the open circuit fault of the battery 60 being not detected based on the voltage
sensor 64, the brake pedal being depressed, etc. If the other S&S initiation conditions are
satisfied, the processing proceeds to step 504, otherwise returns to step 500.

[0037] In step 504, the deceleration S&S or the stop S&S is initiated. That is,
the engine 42 is stopped. In addition, at this time, if the vehicle speed is 0, the stop S&S
is initiated, and if the vehicle speed is larger than 0, the deceleration S&S is initiated.

[0038] FIG. 6 is a flowchart showing an example of S&S termination processing
performed by the S&S control part 30. The processing shown in FIG. 6 is repeatedly
performed at a predetermined processing cycle time, for example, during the idling stop
control following initiation of the deceleration S&S or the stop S&S.

[0039] In step 600, it is determined whether or not predetermined idling stop
termination conditions are satisfied. = The predetermined idling stop termination
conditions are arbitrary, and may typically include, for example, the depression of the

brake pedal being released, the negative pressure of the booster becoming lower than a
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predetermined value, and conditions related to the air conditioner state (degradation of the
comfortability of the air conditioner), the battery state (decrease of the amount of charge),
etc. In the case where the predetermined idling stop termination conditions are satisfied,
the processing proceeds to step 602, otherwise returns to step 600.

[0040] In step 602, the engine 42 is restarted to terminate the idling stop control.

[0041] FIG. 7 is a flowchart showing an example of processing performed by the
abnormality detection part 20 and the control suppression part 22. The processing routine
shown in FIG. 7 is initiated, for example, upon turning-on of the ignition switch of the
vehicle, and then is repeatedly performed at a predetermined processing cycle time, until
the ignition switch is turned off. However, the processing in step 700 (and the processing
in step 702 following it) is only performed during travel of the vehicle. The processing
shown in FIG. 7 is suitable to be performed in the case where the processing shown in FIG.
4A and FIG. 4B is performed by the S&S control part 30. |

[0042] In step 700, the abnormality detection part 20 determines whether or not
an open circuit fault occurs in the battery 60. Specifically, based on the detected value of
the current sensor 62, it is determined whether or not the state where the current of the
battery is within a predetermined range AA1 (in this example, > -0.8 [A] and < 0.8 [A]) has
continued for a predetermined time AT1. The predetermined range AA1 corresponds to
the range of the detected value of the current sensor 62 obtainable in the case where the
open circuit fault occurs in the battery 60, and can be suitably determined by experiments,
etc. Typically, the predetermined range AA1 is a range centered at 0 [A], and is set in
consideration of the offset of the current sensor 62. That is, there is possibly an initial
offset (or an offset generated over time) in the current sensor 62, and even in the case
where the current is actually 0 [A], sometimes a slight current value (for example, 0.8 [A])
will be displayed. The predetermined time AT1 is set by considering the fact that the
current of the battery sometimes falls within the predetermined range AA1 even if no open
circuit fault occurs in the battery 60. For example, in the case where noise is generated,
in the case the vehicle loads 50 are not operated, the current of the battery may fall within

the predetermined range AA1. The predetermined time AT1 may be, for example, 5 [s].
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[0043] Here, it is preferred that the predetermined range AAl is set to be
relatively wide, and in addition, the predetermined time AT1 is set to be relatively short.
The wider the predetermined range AALl is, the higher the possibility of misdetection
(being determined as open circuit fault though in normal) is, and the shorter the
predetermined time AT1 is, the higher the possibility of the misdetection is. Therefore,
when the predetermined range AA1 is set to be relatively wide and the predetermined time
AT1 is set to be relatively short, the possibility of misdetection becomes higher. On the
other hand, however, the wider the predetermined range AA1 is, the lower the possibility of
the situation where the open circuit fault cannot be detected though it has actually occurred
in the battery 60 (failure in detecting the open circuit fault) is (that is, the higher the
detection sensitivity for the open circuit fault is), and the shorter the predetermined time
AT1 is, the lower the possibility that the open circuit fault detection fails is, and it is
poséible to detect the open circuit fault earlier. In this regard, in the case of misdetection,
as described later, the deceleration S&S is prohibited, and the opportunity to improve the
fuel economy will be lost; while in the case of detection failure, a situation where after the
engine is stopped following initiation of the deceleration S&S, the engine 42 cannot be
started even if the negative pressure of the booster becomes insufficient may occur.
Therefore, the predetermined range AAl and/or the predetermined time AT1 are/is set
preferably from the standpoint that avoiding the situation where the engine 42 cannot be
started has priority over the deceleration S&S, so that the sensitivity for detecting the open

circuit fault becomes high. In other words, the predetermined range AAl and/or the

. predetermined time AT1 are/is set to have a high sensitivity from the standpoint that

achievement of safety by ensuring the negative pressure of the booster has priority over
improvement of fuel economy by the deceleration S&S.

[0044] In step 700, ‘if it is determined that the state where the current of the
battery is in the predetermined range AA1 has continued for the predetermined time AT1, it
is determined that the battery 60 is in the open circuit fault state, and the processing
proceeds to step 702. Otherwise, it is determined that no open circuit fault occurs in the

battery 60, and the processing in step 700 will be performed again in the next processing
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cycle. In addition, in step 700, whether or not it has continued for the predetermined time
ATl may be determined by considering influence of noise. For example, it may be
configured such that within a certain processing cycle time, in the case where the current of
the battery is within the predetermined range AA1, a count value is incremented by 1, and
in the case where the current of the battery is not within the predetermined range AA1, the
count value is decremented by 1. In this case, the count value x the processing cycle time
may be set as the time duration in which the current of the battery is within the
predetermined range AAIl, and it is determined whether or not the count value x the
processing cycle time is equal to or above the predetermined time AT1.

[0045] In step 702, the control suppression part 22 sets the deceleration S&S
prohibition flag.  That is, the deceleration S&S prohibition flag is established. When the
deceleration S&S prohibition flag is set, the deceleration S&S is prohibited. However,
even in the case where the deceleration S&S prohibition flag is set, the stop S&S is still in
a state where it can be initiated. That is, even in the case where the deceleration S&S
prohibition flag is set, if the stop S&S initiation conditions are satisfied, the stop S&S will
be initiated.

[0046] In step 704, the control suppression part 22 determines whether or not the
engine 42 has been stopped by the stol; S&S. Whether or not the engine 42 has been
stopped by the stop S&S can be determined on the basis of the information obtained from
the S&S control part 30. If it is determined that the engine 42 has been stopped by the
stop S&S, the processing proceeds to step 706, otherwise it becomes a state to wait for stop
of the engine by the stop S&S.

[0047] In step 706, the control suppression part 22 determines whether or not the
engine 42 has been restarted following termination of the stop S&S. Whether or not the
engine 42 has been restarted can be determined on the basis of the information obtained
from the S&S control part 30. If it is determined that the engine 42 has been restarted, the
processing proceeds to step 708, otherwise it becomes a state to wait for restart of the

engine.
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[0048] In step 708, the control suppression part 22 resets the deceleration S&S
prohibition flag set in the above step 702. That is, the deceleration S&S prohibition flag
is cleared. -Thus, if thereafter the deceleration S&S initiation conditions are satisfied, the
deceleration S&S is initiated.

[0049] Here, when the determination in the above step 700 is YES, it means that
an open circuit fault in the battery 60 is detected. When an open circuit fault occurs in the
battery 60, the starter 52 cannot be operated, and thus the engine 42 cannot be restarted.
Nevertheless, if the determination in the above step 706 is YES, it means that the detection
of open circuit fault of the battery 60 in the above step 700 is incorrect (that is,
misdetection). Therefore, in step 708, the deceleration S&S prohibition flag is reset.

[0050] According to the processing shown in FIG 7, as described above, in the
case where an open circuit fault in the battery 60 is detected, the deceleration S&S is
prohibited. Thus, the situation where the deceleration S&S is initiated when the open
circuit fault occurs in the battery 60 can be reduced. If the deceleration S&S is initiated
when the open circuit fault occurs in the battery 60, even if the negative pressure of the
booster is insufficient due to for example the driver’s pump operation of the brake pedal
during the deceleration S&S, the engine 42 cannot be restarted, and the negative pressure
of the booster cannot be ensured. In addition, this situation is not limited to the brake
booster 70 which uses the intake negative pressure of the engine 42 to generate the
negative pressure of the booster, and may occur in the case of other kinds of brake booster
70. This is because, when there is an open circuit fault in the battery 60, the actuatof 54
operated by the electric power of the battery 60 cannot be operated. According to the
processing shown in FIG. 7, it is possible to reduce the situation where the negative
pressure of the booster cannot be ensured, and to improve safety.

[0051] In addition, according to the processing shown in FIG 7, as described
above, even in the case where the open circuit fault of the battery 60 is detected, the stop
S&S is permitted. Thus, it is possible to prevent the situation where the stop S&S is not
performed any longer due to misdetection of the open circuit fault of the battery 60, and to

ensure marketability with respect to the misdetection. That is, it is possible to reduce the
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situation where the opportunity for improving fuel economy is lost due to the misdetection
of the open circuit fault of the battery 60. In addition, in the case where the open circuit
fault of the battery 60 is not misdetected, if the stop S&S is initiated, there will be the
situation where the engine 42 cannot be restarted even if the negative pressure of the
booster is insufficient thereafter. This situation is undesirable; however, since it is in a
state where the vehicle speed is 0, the brake force required for maintaining the stop state is
low, and it is possible to ensure the required safety. In addition, in the processing shown
in FIG. 7, as described above, the method for detecting the open circuit fault of the battery
60 (the predetermined range AA1 and/or predetermined time AT1) tends to give priority to
the safety so that misdetection easily occurs, thus it can be contemplated that this situation
rarely occurs. Thus, according to the processing shown in FIG. 7, it is possible to not
only ensure the negative pressure of the booster, but also achieve the improvement of fuel
economy.

[0052] In addition, according the processing shown in FIG. 7, as described above,
the open circuit fault of the battery 60 is detected if the state where the current of the
battery is within the predetermined range AA1 has continued for the predetermined time
AT1. This method for detecting the open circuit fault of the battery 60 is especially
suitable for detecting the open circuit fault of the battery 60 during travel of the vehicle.
Although there are methods for detecting the open circuit fault of the battery 60 based on
the voltage of the battery 60, such methods are not suitable for detecting the open circuit
fault of the battery 60 during travel of the vehicle. This is because during‘travel of the
vehicle, the alternator 40 is operated (that is, in the power generation state), thus
sometimes, a significant voltage drop of the battery 60 cannot be detected even when an
open circuit fault occurs in the battery 60. Thus, according to the processing shown in
FIG 7, it is possible to detect the open circuit fault of the battery 60 during travel of the
vehicle. In addition, as described above, since it is configured to prohibit the deceleration
S&S following detection of the open circuit fault of the battery 60, the open circuit fault of
the battery 60 needs to be detected during travel of the vehicle. This is because the

deceleration S&S is a control initiated in the vehicle travel state.
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[0053] In addition, according to the processing shown in FIG. 7, as described
above, even in the case where the deceleration S&S prohibition flag is set, when the engine
has been restarted (that is, when the engine is successfully restarted), the deceleration S&S
prohibition flag is reset. That is, the engine having been restarted means misdetection of
the open circuit fault of the battery 60, so the deceleration S&S prohibition flag is reset.
Therefore, as long as thereafter no open circuit fault of the battery 60 is detected again, it
becomes a state where the deceleration S&S can be initiated. Thus, according to the
processing shown in FIG. 7, it is possible to prevent the deceleration S&S prohibition state
from being continuously maintained due to misdetection of the open circuit fault of the
battery 60.

[0054] In addition, in the processing shown in FIG. 7, as described above, in the
case where the engine has been restarted in step 706 (that is, in the case where the engine is
successfully restarted), the deceleration S&S prohibition flag is reset. However, it may
also be configured such that after the engine 42 has been stopped by the stop S&S, in the
case where a battery current at or above a predetermined value (e.g., significantly larger
than the battery current within the predetermined range AA1 used in the above step 700) is
detected based on the detected signal of the current sensor 62 and/or in the case where a
predetermined vehicle load 50 is normally operated, etc., the deceleration S&S prohibition
flag is reset.

[0055] In addition, in the processing shown in FIG. 7, as described above, in the
above step 700, a simple method for detecting the open circuit fault of the battery 60 only
based on the current of the battery is provided. However, as described above, other
deceleration S&S initiation conditions include the open circuit fault of the battery 60 being
not detected based on the voltage sensor 64. Thus, it is actually such that, during travel of
the vehicle, whether or not an open circuit fault occurs in the battery 60 is independently
determined based on the voltage sensor 64 and the current sensor 62, respectively.
However, other deceleration S&S initiation conditions may also not include the open
circuit fault of the battery 60 being not detected based on the voltage sensor 64. This is

because, as described above, during travel of the vehicle, the alternator 40 is operated, thus
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sometimes, a significant voltage drop of the battery 60 may not be detected even when the
open circuit fault occurs in the battery 60. In addition, during stop of the vehicle, the
open circuit fault of the battery 60 is determined based on the voltage sensor 64 rather than
the current sensor 62.

[0056] In addition, in the processing shown in FIG. 7, as described above, in the
case where the open circuit fault of the battery 60 is detected, the deceleration S&S is
prohibited by setting the deceleration S&S prohibition flag; however, it is also possible that
in the case where the open circuit fault of the battery 60 is detected, other conditions
included by the deceleration S&S initiation conditions are varied to achieve essentially the
same configuration. For example, in the case where the open circuit fault of the battery
60 is detected, the deceleration S&S may also be prohibited by increasing a threshold for
the negative pressure of the booster to infinite, etc.

[0057] FIG. 8 is a flowchart showing another example of processing performed
by the abnormality detection part 20 and the control suppression part 22. The processing
routine shown in FIG. 8 is initiated, for example, upon turning-on of the ignition switch of
the vehicle, and then is repeatedly performed at a predetermined processing cycle time,
until the ignition switch is turned off. However, the processing in step 800 to step 803 is
only performed during travel of the vehicle. The processing shown in FIG. 8 is suitable
for the situation where the S&S control part 30 performs the processing shown in FIG. 4A
and FIG. 4B.

[0058] The processing shown in FIG. 8 differs from that shown in FIG. 7 mainly
in the addition of step 803.. The processing in step 800, step 802, step 806 and step 808
may be the same as the processing in step 700, step 702, step 706 and step 708 shown in
FIG. 7. Hereinafter, the processing unique to FIG. 8 will be described.

[0059] In step 803 performed folloWing step 802, the abnormality detection part
20 determines again whether or not an open circuit fault occurs in the battery 60.
Specifically, it is determined whether or not the state where the current of the battery is
within a predetermined range AA2 (in this example, < -0.8 [A] or > 0.8 [A]) has continued

for a predetermined time AT2 based on the detected value of the current sensor 62. The
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predetermined range AA2 is set to exclude the range of the detected value of the current
sensor 62 obtainable in the case where the open circuit fault occurs in the battery 60, and
can be determined by experiments, etc. The predetermined range AA2 is a range
excluding the predetermined range AA1l used in step 800. In this example, the
predetermined range AA2 is lower than -0.8 [A] or larger than 0.8 [A], and is a range
which is not provided with margin with respect to the predetermined range AA1 (in this
example, > -0.8 [A] and < 0.8 [A]). However, for example, the predetermined range AA2
may also be provided with margin with respect to the predetermined range AA1, such as
being lower than -1.0 [A] or larger than 1.0 [A]. In addition, the margin may be set, like
the determination condition in step 800, to be relatively large from the standpoint that
avoiding the situation where the engine 42 cannot be started has priority over the
deceleration S&S. The predetermined time AT2 may be set from the same standpoint as
the predetermined time AT1 used in step 800, and may be for example 5 [s].

[0060] In addition, in step 803, whether or not it has continued for the
predetermined time AT2 may be determi_ned by considering influence of noise. For
example, it can be configured such that within a certain processing cycle time, in the case
where the current of the battery is within the predetermined range AA2, a count value is
incremented by 1, and in the case where the current of the battery is not within the
predetermined range AA2, the count value is decremented by 1. In this case, the count
value x the processing éycle time may be set as the time duration in which the current of
the battery is within the predetermined range AA2, and it is determined whether or not the
count value x the processing cycle time is equal to or above the predetermined time AT2.

[0061] In step 803, if it is determined that the state where the current of the
battery is within the predetermined range AA2 has continued for the predetermined time
AT2, the processing proceeds to step 808, otherwise proceeds to step 804. Therefore, in
the processing shown in FIG. 8, even if it is not determined to be YES in step 806, when it
is determined that the state where the current of the battery is within the predetermined
range AA2 has continued for the predetermined time AT2, the deceleration S&S

prohibition flag is also reset.
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[0062] In step 804, the control suppression part 22 determines whether or not the
engine 42 has been stopped by the stop S&S. Whether or not the engine 42 has been
stopped by the stop S&S can be determined on the basis of the information obtained from
the S&S control part 30. If it is determined that the engine 42 has been stopped by the
stop S&S, the processing proceeds to step 806, otherwise returns to step 803.

[0063] According to the processing shown in FIG. 8, the same effects can be
achieved as the processing shown in FIG 7. In addition, according to the processing
shown in FIG. 8, even if there is temporarily a positive determination in step 800 such that
the deceleration S&S prohibition flag is set, before the stop S&S is initiated thereafter, it is
possible to reset the deceleration S&S prohibition flag according to the determination
result in step 803. That is, even in the case where the open circuit fault of the battery 60
is temporarily detected in step 800 such that the deceleration S&S prohibition flag is set,
thereafter whether or not the open circuit fault occurs in the battery 60 will be confirmed
again. Thus, even in the case where the open circuit fault of the battery 60 is misdetected
in step 800, it is possible to reset the deceleration S&S prohibition flag by the
redetermination thereafter. As a result, it is possible to reduce the situation where the
opportunity for improving fuel economy is lost due to misdetection of the open circuit fault
of the battery 60.

[0064] In addition, in the processing shown in FIG. 8, in the case where the open
circuit fault of the battery 60 is temporarily detected in step 800 such that the deceleration
S&S prohibition flag is set, the determination in step 803 is repeatedly performed at a
predetermined processing cycle time, until the engine 42 is stopped by the stop S&S.
However, the determination in step 803 may be performed, before the engine 42 is stopped
by the stop S&S, only once, or may be performed predetermined times no less than twice.
In addition, the determination in step 803 may be performed, before the engine 42 is
stopped by the stop S&S, every predetermined period of time (>> the predetermined
processing cycle time) has elapsed, and may also be performed upon every predetermined

travel distance.
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[0065] FIG. 9 is a flowchart showing another example of processing performed
by the abnormality detection part 20 and the control suppression part 22. The processing
routine shown in FIG. 9 is initiated, for example, upon turning-on of the ignition switch of
the vehicle, and then is repeatedly performed at a predetermined processing cycle time,
until the ignition switch is turned off. The processing shown in FIG. 9 is suitable for the
situation where the S&S control part 30 performs the processing shown in FIG. 4A and FIG.
4B.

[0066] In the processing as shown in FIG. 9, as a premise, it is configured such
that the voltage sensor 64 and the current sensor 62 are formed by a sensor obtained by
integrated assembly of the sensors with a processing unit (e.g. microprocessor) (hereinafter,
for the sake of simplicity, referred to as “smart battery sensor”). The smart battery sensor
is also equipped with a temperature sensor therein. Hereinafter, as a premise, it is
configured such that the processing unit inside the smart battery sensor has a function to
detect the open circuit fault of the battery 60 such as the disengagement of battery
terminals, and if it is detected that an open circuit fault occurs in the batteryv60, a battery
broken information is sent to the S&S control part 30.

[0067] The processing shown in FIG. 9 differs from that shown in FIG. 7 mainly
in the processing in step 900. The processing in step 902 to step 908 shown in FIG. 9
may be the same as the processing in step 702 to step 708 shown in FIG. 7. Hereinafter,
the processing unique to FIG. 9 will be described.

[0068] In step 900, the abnormality detection part 20 determines whether or not
the battery broken information is received from the smart battery sensor. If the battery
broken information is received from the smart battery sensor, it is determined that the
battery 60 is in open circuit fault state, and the processing proceeds to step 902.
Otherwise, it is determined that the battery 60 is not in the open circuit fault state, and the
processing in step 900 will performed again in the next processing cycle.

[0069] According to the processing shown in FIG. 9, the same effects can be
achieved as the processing shown in FIG. 7. In addition, the processing shown in FIG. 9

is especially suitable for the situation where the smart battery sensor has low precision for
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detecting the open circuit fault. This is because of the standpoint as follows: as described
above, avoiding the situation where the engine 42 cannot be started has priority over the
deceleration S&S.

[0070] In addition, in the processing shown in FIG. 9, the processirig in step 900
and step 902 may be performed only during travel of the vehicle. This is because when
the vehicle is stopped, considering drop of the voltage value, precision of the smart battery
sensor for detecting the open circuit fault may become higher.

[0071] FIG. 10 is a flowchart showing another example of processing performed
by the abnormality detection part 20 and the control suppression part 22. The processing
routine shown in FIG. 10 is initiated, for example, upon turning-on of the ignition switch of
the vehicle, and then is repeatedly performed at a predetermined processing cycle time,
until the ignition switch is turned off. However, the processing in step 1000 (and the
processing in step 1002 following it) is performed only during travel of the vehicle.

[0072] In the processing shown in FIG. 10, as a premise, it is configured such
that the deceleration S&S is performed in a deceleration state with a speed at or below the
E/G stop vehicle speed Vth. In other words, the deceleration S&S initiation conditions
include the deceleration state with a speed at or belpw the E/G stop vehicle speed Vth. In
addition, in the example shown in FIG. 10, since the deceleration S&S prohibition flag is
not used, the deceleration S&S prohibition flag may be omitted. Therefore, the
processing shown in FIG. 10 is suitable for the situation where the S&S control part 30
performs the processing shown in FIG. 5.

[0073] The processing shown in FIG. 10 differs from the processing shown in
FIG. 7 mainly in the following aspect: in the case wh¢re the open circuit fault of the battery
60 is detected, instead of prohibiting the deceleration S&S, the vehicle speed at which the

deceleration S&S can be initiated is reduced. The processing in step 1000 and step 1004

shown in FIG. 10 may be the same as the proce'ssing in step 700 and step 704 shown in FIG

7. Hereinafter, the processing unique to FIG. 10 will be described.
[0074] In step 1002, the control suppression part 22 sets the E/G stop vehicle

speed Vth to a predetermined value V1. The initial value of the E/G stop vehicle speed
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Vth may be a normal value VO. The normal value VO may be any value including infinite,
and for example may be a value within the low vehicle speed range around 13 km/h. The
predetermined value V1 may be any value larger than 0 and smaller than the normal value
V0. In addition, when the predetermined value V1 is 0, it means that the deceleration
S&S is substantially prohibited (only the stop S&S is permitted), thus the processing
shown in FIG. 10 is equivalent to that shown in FIG. 7.

[0075] In step 1004, the control suppression part 22 determines whether or not
the engine 42 has been stopped by the deceleration S&S or the stop S&S. Whether or not
the engine 42 has been stopped by the deceleration S&S or the stop S&S can be
determined on the basis of the information obtained from the S&S control part 30. In the
case where it is determined that the engine 42 has been stopped by the deceleration S&S or
the stop S&S, the processing proceeds to step 1006, otherwise it becomes a state to wait for
stop of the engiﬁe by the deceleration S&S or the stop S&S.

[0076] In step 1006, the control suppression part 22 determines whether or not
the engine 42 has been restarted following termination of the deceleration S&S or the stop
S&S. Whether or not the engine 42 has been restarted can be determined on the basis of
the information obtained from the S&S control part 30. In the case where it is determined
that the engine 42 has been restarted, the processing proceeds to step 1008, otherwise it
becomes a state to wait for restart of the engine.

[0077] In step 1008, the control suppression part 22 sets the E/G stop vehicle
speed Vth to the normal value VO. .That is, the E/G stop vehicle speed Vth which has
been set to the predetermined value V1 in the above step 1002 is recovered to the normal
value V0.

[0078] According to the processing shown in FIG. 10, as described above, in the
case where an open circuit fault of the battery 60 is detected, the E/G stop vehicle speed
Vth in the deceleration S&S initiation conditions is reduced from the normal value VO to
the predetermined value V1. Thus, when the open circuit fault occurs in the battery 60, it
is possible to reduce the situation where the deceleration S&S is initiated in a vehicle speed

range higher than the predetermined value V1. If the deceleration S&S is initiated when
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the open circuit fault occurs in the battery 60, even if the negative pressure of the booster is
insufficient due to for example the driver’s pump operation of the brake pedal during the
deceleration S&S, the engine 42 cannot be restarted, and it is difficult to ensure the
negative pressure of the booster. This situation is undesirable especially in the relatively
high vehicle speed range in which a relatively large brake force is required before stopping.
According to the processing shown in FIG. 10, it is possible to reduce the situation where
the negative pressure of the booster cannot be ensured in the relatively high vehicle speed
range, and to improve safety.

[0079] In addition, according to the processing shown in FIG. 10, as described
above, even in the case where the open circuit fault of the battery 60 is detected, the

deceleration S&S is permitted in the vehicle speed range at or below the predetermined

value V1 (the stop S&S is also permitted). Thus, it is possible to prevent the situation

where the deceleration S&S and/or the stop S&S are not performed any longer due to
mi.sdetection of the open circuit fault of the battery 60, and to ensure marketability with
respect to the misdetection. That is, it is possible to reduce the situation where the
opportunity for improving fuel economy is lost due to misdetection of the open circuit fault
of the battery 60. In addition, in the case where the open circuit fault of the battery 60 is
not misdetected, if the deceleration S&S or the stop S&S is initiated, there will be the
situation where the engine 42 cannot be restarted even if the negative pressure of the
booster is insufficient thereafter. This situation is undesirable; however, since it is in a
state where the vehicle speed is 0 or within a low vehicle speed range at or below the
predetermined value V1, the brake force required for achieviﬁg stop state or maintaining
the stop state is low, and it is possible to ensure the required safety. In addition, in the
processing shown in FIG. 10, as described above, the method for detecting the open circuit
fault of the battery 60 (the predetermined range AA1 and/or predetermined‘ time AT1) tends
to give priority to the safety so that misdetection easily occurs, thus it can be contemplated
that this situation rarely occurs. Thus, according to the processing shown in FIG. 10, it is
possible to not only ensure the negative pressure of the booster, but also achieve the

improvement of fuel economy.
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[0080] In addition, according to the processing shown in FIG. 10, as described
above, the open circuit fault of the battery 60 is detected if the state where the current of
the battery is within the predetermined range AA1 has continued for the predetermined
time AT1. This method for detecting the open circuit fault of the battery 60 is especially
suitable for detecting the open circuit fault of the battery 60 during travel of the vehicle.
In addition, as described above, since it is configured such that the E/G stop vehicle speed
Vth as the deceleration S&S initiation condition is reduced from the normal value VO to
the predetermined value V1 in the case where the open circuit fault of the battery 60 is
detected, it is necessary to reliably detect the open circuit fault of the battery 60 during
travel of the vehicle. This is because the deceleration S&S is a control initiated in the
vehicle travel state.

[0081] In addition, according to the processing shown in FIG. 10, as described
above, even in the case where the E/G stop vehicle speed Vth is reduced from the normal
value VO to the predetermined value V1, when the engine has been restarted (that is, when
the engine is successfully restarted), the E/G stop vehicle speed Vth is recovered to the
normal value V0. That is, the engine having been restarted means misdetection of the
open circuit fault of the battery 60, so the E/G stop vehicle speed Vth is recovered to the
normal value V0. Thus, as long as thereafter no open circuit fault of the battery 60 is
detected again, it becomes a state where the deceleration S&S can be initiated in the
vehicle speed range higher than the predetermined value V1. Thus, according to the
procéssing shown in FIG. 10, it is possible to prevent the deceleration S&S prohibition
state from being continuously maintained in the vehicle speed range higher than the
predetermined value V1 due to misdetection of the open circuit fault of the battery 60.

[0082] In addition, in the processing shown in FIG 10, as described above, in
the case where the engine has been restarted in step 1006 (that is, in the case where the
engine is successfully restarted), the E/G stop vehicle speed Vth is recovered to the normal
value V0. However, it may also be configured such that after the engine 42 has been
stopped by the deceleration S&S or the stop S&S, in the case where a battery current at or

higher than a predetermined value (e.g., significantly larger than the battery current within
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the predetermined range AA1 used in the above step 1000) is detected based on the
detected signal of the current sensor 62 and/or in the case where a predetermined vehicle
load 50 is normally operated, etc., the E/G stop vehicle speed Vth is recovered to the
normal value VO.

| [0083] FIG. 11 is a diagram explaining an example of the method for setting the
predetermined value V1. In FIG. 11, the horizontal axis represents the vehicle speed, and
the vertical axis represents the E/G restart failure probability [ppm]. In addition, ppm
represents parts per million. The so-called E/G restart failure probability means the
probability to become the situation where the engine 42 cannot be restarted after the engine
has been stopped by the deceleration S&S or the stop S&S. In FIG. 11, of the regions
divided by the curve C1, the upper region “NG” is a region in which the situation where
the engine 42 cannot be restarted is not allowable, and the lower region “OK” is a region in
which the situation where the engine 42 cannot be restarted is allowable. The curve C1 is
set based on the design principle, and typically, it may represent the relation that the lower
the vehicle speed is, the higher the allowable E/G restart failure probability is.

[0084] In FIG. 11, the E/G restart failure probability P1 corresponds to the E/G
restart failure probability in the case of using the method for detecting the open circuit fault
of the battery 60 in step 1000 of FIG. 10. In other words, the E/G restart failure
probability P1 corresponds to the precision (reliability) for detecting the open circuit fault
of the battery 60 in step 1000 of FIG. 10. At this time, if the E/G stop vehicle speed Vth
is the normal value VO, as shown in FIG. 11, the E/G restart failure probability P1 falls
within the region “NG”. Therefore, as shown in FIG. 11, the predetermined value V1 is
set so that the E/G restart failure probability P1 falls within the region “OK”.

[0085] FIG. 12 is a flowchart showing another example of processing performed
by the abnormality detection part 20 and the control suppression part 22. The processing
routine shown in FIG. 12 is initiated, for example, upon turning-on of the ignition switch of
the vehicle, and then is repeatedly performed at a predetermined processing cycle time,
until the ignition switch is turned off. However, the processing in step 1200, step 1202

and step 1203 is only performed during travel of the vehicle.
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[0086] The processing shown in FIG. 12 differs from that shown in FIG. 10
mainly in the addition of step 1203. The processing in step 1200, step 1202, step 1206
and step 1208 shown in FIG. 12 may be the same as the processing in step 1000, step 1002,
step 1006 and step 1008 shown in FIG. 10. Hereinafter, the processing unique to FIG. 12
will be described.

[0087] As with the processing shown in FIG. 10, in the processing shown in FIG.
12, as a premise, it is configured such that the deceleration S&S is performed in a
deceleration state with a speed at or below the E/G stop vehicle speed Vth. In other
words, the deceleration S&S initiation conditions include the deceleration state with a
speed at or below the E/G stop vehicle speed Vth. In addition, in the example shown in
FIG. 12, since the deceleration S&S prohibition flag is not used, the deceleration S&S
prohibition flag may be omitted. Therefore, the processing shown in FIG. 12 is suitable
for the situation where the S&S control part 30 performs the processing shown in FIG. 5.

[0088] In step 1203, the abnormality detection part 20 determines again whether
or not an open circuit fault occurs in the battery 60 in the same manner as that in step 803
shown in FIG. 8. In step 1203, if it is determined that the state where the current of the
battery is within the predetermined range AA2 has continued for the predetermined time
AT2, the processing proceeds to step 1208, otherwise proceeds to step 1204. Therefore,
in the processing shown in FIG. 12, even if it is not determined to be YES in step 1206,
when it is determined that the state where the current of the battery is within the
predetermined range AA2 has continued for the predetermined time AT2, the E/G stop
vehicle speed Vth is recovered to the normal value VO.

[0089] In step 1204, the control suppression part 22 determines whether or not
the engine 42 has been stopped by the deceleration S&S or the stop S&S. Whether or not
the engine 42 has been stopped by the deceleration S&S or the stop S&S can be
determined based on the information obtained from the S&S control part 30. If it is
determined that the engine 42 has been étopped by the deceleration S&S or the stop S&S,

the processing proceeds to step 1206, otherwise returns to step 1203.
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[0090] According to the processing shown in FIG. 12, the same effects can be
achieved as the processing shown in FIG. 10. In addition, according to the processing
shown in FIG. 12, even if there is temporarily a positive determination in step 1200 such
that the E/G stop vehicle speed Vth is set to the predetermined value V1, before the
deceleration S&S or the stop S&S is initiated thereafter, it is possible to recover the E/G
stop vehicle speed Vth to the normal value VO according to the determination result in step
1203. That is, even in the case where the open circuit fault of the battery 60 is
temporarily detected in step 1200 such that the E/G stop vehicle speed Vth is set to the
predetermined value V1, thereafter whether or not the open circuit fault occurs in the
battery 60 will be confirmed again. Thus, even in the case where the open circuit fault of
the battery 60 is misdetected in step 1200, it is possible to recover the E/G stop vehicle
speed Vth to the normal value VO by the redetermination thereafter. As a result, it is
possible to reduce the situation where the opportunity for improving fuel economy is lost
due to misdetection of the open circuit fault of the battery 60.

[0091] In addition, in the processing shown in FIG. 12, in the case where the
open circuit fault of the battery 60 is temporarily detected in step 1200 such that the E/G
stop vehicle speed Vth is set to the predetermined value V1, the determination in step 1203
is repeatedly performed at a predetermined processing cycle time, until the engine 42 is
stopped by the deceleration S&S or the stop S&S. However, the determination in step
1203 may be performed, before the engine 42 is stopped by the deceleration S&S or the
stop S&S, only once, or may be performed predetermined times no less than twice. In
addition, the determination in step 1203 may be performed, before the engine 42 is stopped
by the deceleration S&S or the stop S&S, every predetermined period of time (>> the
predetermined processing cycle time) has elapsed, and may also be performed upon every
predetermined travel distance.

[0092] FIG. 13 is a flowchart showing another example of processing performed
by the abnormality detection part 20 and the control suppression part 22. The processing
routine shown in FIG. 13 is initiated, for example, upon turning-on of the ignition switch of

the vehicle, and then is repeatedly performed at a predetermined processing cycle time,
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until the ignition switch is turned off. However, the processing in step 1300 and step
1302 is only performed during travel of the vehicle.

[0093] As with the processing shown in FIG. 10, in the processing shown in FIG.
13, as a premise, it is configured such that the deceleration S&S is performed in a
deceleration state with a speed at or below the E/G stop vehicle speed Vth. In other
words, the deceleration S&é initiation conditions include the deceleration state with a
speed at or below the E/G stop vehicle speed Vth. In addition, in the example shown in
FIG. 13, since the deceleration S&S prohibition flag is not used, the deceleration S&S
prohibition flag may be omitted. Therefore, the processing shown in FIG. 13 is suitable
for the situation where the S&S control part 30 performs the processing shown in FIG. 5.

[0094] In step 1300, the abnormality detection part 20 calculates the time
duration ATN during which the current of the batfery cohtinues to be within the
predetermined range AA1l based on the detected value of the current sensor 62. The
initial value of the time duration ATN is 0. The time duration ATN may be calculated by
a counter. For example, it may be configured such that within a certain processing cycle
time, in the case where the current of the battery is within the predetermined range AA1, a
count value is incremented by 1, and in the case where the current of the battery is not
within the predetermined range AA1, the count value is decremented by 1. In this case,
the count value x the processing cycle time corresponds to the time duration ATN. The
time duration ATN is an index representative of the possibility of open circuit fault of the
battery 60, and the longer the time duration ATN is, the higher the possibility that an open
circuit fault occurs in the battery 60 is.

[0095] In step 1302, the control suppression part 22 sets the E/G stop vehicle
speed Vth tbo a value V(ATN) corresponding to the time duration ATN calculated in the
above step 1300. The value V(ATN) is set in such a manner that the longer the time
duration ATN is, the smaller the value V(ATN) is. For example, the value V(ATN) can be
set to be variable based on the concept shown in FIG. 11. Specifically, the E/G restart
failure probability P1 is converted according to the time duration ATN (e.g. the E/G restart

failure probability P1 is in proportion with the time duration ATN) and derived, and the
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value V(ATN) is set corresponding to the time duration ATN so that the E/G restart failure
probability P1 falls within the region “OK”.

[0096] Alternatively, simply, the value V(ATN) when the time duration ATN is 0
may be the normal value VO (refer to FIG. 10). In addition, the value V(ATN) when the
time duration ATN becomes the predetermined time AT1 may be the predetermined value
V1. In this case, the value V(ATN) may be decreased linearly or non-linearly from the
normal value VO to the predetermined value V1 with the increase of the time duration ATN.
At this time, in the case where the time duration ATN exceeds the predetermined time AT1,
the value V(ATN) may either be maintained at the predetermined value V1, or decreased
towards O with the increase of the time duration ATN.

[0097] In step 1304, the control suppression part 22 determines whether or not
the engine 42 has been stopped by the deceleration S&S or the stop S&S. Whether or not
the engine 42 has been stopped by the deceleration S&S or the stop S&S can be
determined on the basis of the information obtained from the S&S control part 30. In the
case where it is determined that the engine 42 has been stopped by the deceleration S&S or
the stop S&S, the processing proceeds to step 1306, otherwise returns to step 1300.

[0098] In step 1306, the control suppression part 22 determines whether or not
the engine 42 has been restarted following termination of the deceleration S&S or the stop
S&S. Whether or not the engine 42 has been restarted can be determined on the basis of
the information obtained from the S&S control part 30. In the case where it is determined
that the engine 42 has been restarted, the pro;:essing proceeds to step 1308, otherwise it
becomes a state to wait for restart of the engine.

[0099] In step 1308, the abnormality detection part 20 resets the time duration
ATN to the initial value 0.

[0100] According to the processing shown in FIG 13, the E/G stop vehicle
speed Vth as the deceleration S&S initiation condition is set to a value V(ATN)
corresponding to the time duration ATN. As described above, the time duration ATN is
the duration during which the current of the battery continues to be within the

predetermined range AA1, and is an index representative of the possibility of open circuit
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fault of the battery 60. In addition, as described above, the value V(ATN) is set in such a
manner that the longer the time duration ATN is, the smaller it is. Therefore, the value
V(ATN) is set in such a manner that the higher the possibility of open circuit fault of the
battery 60 is, the smaller it is. Thus, with the possibility of open circuit fault of the
battery 60 being higher, it is possible to decrease the E/G stop vehicle speed Vth as the
deceleration S&S initiation condition to a greater extent.

[0101] In addition, in the processing shown in FIG. 13, the time duration ATN
may also be reset in the case where a predetermined condition other than restart of the
engine 42 is satisfied. For example, based on the concept shown in FIG. 10, the time
duration ATN may be reset if the state where the current of the battery is within the
predetermined range AA2 has continued for the predetermined time AT?2.

[0102] While various embodiments have been described in detail, the present
invention is not limited to the specific embodiments, and various variations and
modifications can be made within the scope as defined in the following claims. In
addition, it is also possible to combine all or part of the constitutional elements in the
previous embodiments.

[0103] For example, in the above embodiments, the deceleration S&S is
performed on condition of the deceleration state, however, it may also be performed in
states other than the deceleration state. That is, the deceleration S&S may be substituted
by the S&S performed in vehicle non-stop state (non-stop S&S). The vehicle non-stop
state may be a deceleration state and/or a stable travel state (or neutral gear travel state).
In addition, the vehicle non-stop state may_also be a travel state with a vehicle speed at or
below the E/G ~s’cop vehicle speed Vth. The travel state with a vehicle speed at or below
the E/G stop vehicle speed Vth may be a deceleration state at or below the E/G stop vehicle
speed Vth and/or a stable travel state at or below the E/G stop vehicle speed (or neutral
gear travel state). In addition, the deceleration state may either be a deceleration state
having a predetermined deceleration or below, or a state in which merely the brake pedal is

operated.
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CLAIMS:

1. A vehicle control apparatus, comprising:

a current sensor that detects a current value of a battery; and

a processing device that suppresses initiation of idling stop control in a vehicle
non-stop state with a vehicle speed higher than 0, in the case where an abnormal state of
the battery is detected based on an output signal of the current sensor in the vehicle

non-stop state.

2. The vehicle control apparatus according to claim 1, wherein
the processing device is configured to enable the initiation of the idling stop control

in the vehicle stop state in the case where the abnormal state of the battery is detected.

3. The vehicle control apparatus according to claim 1, wherein

the processing device initiates the idling stop control in the case where
predetermined initiation conditions, including the vehicle speed being at or lower than a
predetermined vehicle speed, are satisfied, and the processing device sets the
predetermined vehicle speed as a first value in the case where the abnormal state of the
battery is not detected, and sets the predetermined vehicle speed as a second value smaller

than the first value in the case where the abnormal state of the battery is detected.

4. The vehicle control apparatus according to claim 3, wherein

the processing device, during stop of the engine by the idling stop control, restarts
the engine in the case where predetermined termination conditions are satisfied, and the
processing device sets the predetermined vehicle speed, which has been set as the second
value when the abnormal state of the battery is detected, as the first value following the

restart of the engine.

5. The vehicle control apparatus according to any one of claims 1 to 4, wherein
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the processing device detects the abnormal state of the battery only based on the

output signal of the current sensor.

6. The vehicle control apparatus according to any one of claims 1 to 5, wherein

the processing device detects the case where it is detected based on the output signal
of the current sensor that a state in which the current value of the battery is within a
predetermined range has continued for a predetermined time, as the abnormal state of the

battery.

7. The vehicle control apparatus according to claim 3, wherein

the processing device, after the abnormal state of the battery is detected, determines
whether or not a state in which the current value of the battery is out of a predetermined
range has- continued for a predetermined time, based on the output signal of the current
sensor in the vehicle non-stop state,

the processing device, in the case where it is determined that the state in which the
current value of the battery is out of the predetermined range has continued for the
predetermined time, sets the predetermined vehicle speed, which has been set as the second

value when the abnormal state of the battery is detected, as the first value.

8. The vehicle control apparatus according to claim 3, whcrein

the processing device, in the vehicle non-stop state, calculates the time duration
during which a state in which the current value of the battery continues to be within a
predetermined range, based on the output signal of the current sensor, and the processing
device changes the predetermined vehicle speed from the first value to the second value by
stages in such a manner that the longer the time duration is, the lower the predetermined

vehicle speed is.

9. The vehicle control apparatus according to claim 3, wherein

the second value is O.



WO 2015/145231

1/11

PCT/IB2015/000311

FIG. 1

40 52 50
¢ ELECTRIC ( \
POWER o
ALTERNATOR * VEHICLE LOADS
42
:
ENGINE
62
64 CURRENT SENSOR
(
VOLTAGE SENSOR 6SO
BATTERY
42 70
{ {
ENGINE BRAKE BOOSTER
54 70
{ {
ACTUATOR BRAKE BOOSTER




WO 2015/145231 PCT/IB2015/000311
2/11

64
1 | 10 —
VOLTAGE SENSOR
22 ~20 ||l
SUPPRESSION [«——| ABNORMALITY —
PART - CURRENT SENSOR
A
30
~ __32
< VEHICLE SPEED
SENSOR
| S&S CONTROL
. PART
__34
- SENSOR PRESSURE




WO 2015/145231

PCT/IB2015/000311
3/11

FIG. 4A

Y S400

DECELERATION
S&S PROHIBITION FLAG
SET?

Y

YES

S402

VEHICLE
SPEED AT OR BELOW
Vth?

S404

OTHER
DECELERATION S&S
INITIATION CONDITIONS
SATISFIED?

S406
_
INITIATING DECELERATION S&S
Y
END
- FIG. 4B
( START )
g S410
VEHICLE

SPEED BEING
0?

OTHER STOP
S&S INITIATION CONDITIONS
SATISFIED?

NO

S414
—

INITIATING STOP S&S

Y

( END )



WO 2015/145231

4/11

FIG. 5

[ S500

VEHICLE
SPEED AT OR BELOW
Vth?

<Y

OTHER

NO _—52S INITIATION CONDITIONS

SATISFIED?
YES S504

_
INITIATING S&S
Y
( END )
FIG. 6
( START )
X S600

IDLING STOP
TERMINATION CONDITIONS
SATISFIED?

NO

S602
P

STARTING ENGINE

Y

( END )

PCT/IB2015/000311



WO 2015/145231 PCT/IB2015/000311
5/11

Y S700

PREDETERMINED
TIME OR MORE ELAPSED FOR

“-0.8 A sBATTERY CURRENT
<+0.8A” 7.

S702
/_/

SETTING DECELERATION S&S PROHIBITION FLAG

N S704
e
1R s706
NO
YES  S708
Y —

RESETTING DECELERATION S&S
PROHIBITION FLAG




WO 2015/145231 PCT/IB2015/000311
6/11

Y S800

PREDETERMINED
TIME OR MORE ELAPSED FOR
‘-0.8 A <BATTERY CURRENT
<+0.8A”7

S802
—

SETTING DECELERATION S&S PROHIBITION FLAG

f

S803

PREDETERMINED
TIME OR MORE ELAPSED FOR
‘BATTERY CURRENT <-0.8 AOR
BATTERY CURRENT >
+0.8 A" ?

E/G STOPPED?

“I"5S s806
NO
J[YES  s808
Y _—

RESETTING DECELERATION S&S
PROHIBITION FLAG




WO 2015/145231

PCT/IB2015/000311
7/11

FIG. 9

IS THERE
BATTERY BROKEN INFORMATION
OF SMART BATTERY
SENSOR?

S902
P

SETTING DECELERATION S&S PROHIBITION FLAG

NO

, S904

E/G STOPPED?

»| YES

\
E
NO
E/G RESTARTED?
A

, S906

YES S908
r ~

RESETTING DECELERATION S&S
PROHIBITION FLAG




WO 2015/145231 PCT/IB2015/000311
8/11

PREDETERMINED
TIME OR MORE ELAPSED FOR
“-0.8 A <BATTERY CURRENT
<+0.8A"7

S1002

SETTING E/G STOP VEHICLE SPEED Vth TO
PREDETERMINED VALUE V1

- $1004
NO
B N T
=B 51006
NO
—@TARTEW
YES  $1008
A —

SETTING E/G STOP VEHICLE SPEED Vth TO
NORMAL VALUE VO '




WO 2015/145231 PCT/IB2015/000311
9/11

3
Q.
g
=
]
Foa] A
<
[su}
o
&
C1
m NG
>
o
= | ok
N el o y_~OPEN CIRCUIT FAULT DETERMINATION
Z | P1 ] T~ | (NCLUDINGMISDETECTION
© ‘ ‘l\ > VEHICLE SPEED
o 0 Vi1 VO -IN NORMAL



WO 2015/145231 PCT/IB2015/000311
10/11

FIG. 12

( START )

[ S1200

PREDETERMINED
TIME OR MORE ELAPSED FOR
*-0.8 A <BATTERY CURRENT
<+0.8A"?

A

S1202
_

SETTING E/G STOP VEHICLE SPEED Vth TO
PREDETERMINED VALUE V1

>3
-

Y

S1203

PREDETERMINED
TIME OR MORE ELAPSED FOR
“BATTERY CURRENT <-0.8 AOR
BATTERY CURRENT >
+0.8 A" ?

E/G STOPPED?

=55 51206
NO

JJYES  $1208

Y —

SETTING E/G STOP VEHICLE SPEED Vth TO
NORMAL VALUE VO




WO 2015/145231 PCT/IB2015/000311

11/11

FIG. 13

( START )

.
’ o

\

CALCULATING TIME DURATION ATn FOR “-0.8 A
< BATTERY CURRENT < +0.8 A”

~—S51300

Y

SETTING E/G STOP VEHICLE SPEED Vth TO
VALUE V(ATn) CORRESPONDING TO
TIME DURATION ATN

~— 51302

E/G STOPPED?

» YES

I S1306
NO
YES S1308
Y —

RESETTING TIME DURATION AT




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2015/000311

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO2N11/08 GO1R31/36
ADD.

GO1R31/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO2N GO1R FO2D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

abstract; figures 1,5
paragraphs [0005] - [0010]

2 February 2012 (2012-02-02)
abstract; figures 1-4

28 February 2001 (2001-02-28)
abstract; figures 1,2,5
paragraphs [0008],
[0030] - [0031]

sentences 6-12,26-32,35,43,49-50

[0021] - [0024],

X US 2009/204314 A1l (AOKI TAKANORI [JP] ET 1-9
AL) 13 August 2009 (2009-08-13)

X US 2012/029746 Al (ITO KOJI [JP] ET AL) 1-9

X EP 1 079 496 A2 (TOYOTA MOTOR CO LTD [JP]) 1-9

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 July 2015

Date of mailing of the international search report

20/07/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mineau, Christophe

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2015/000311

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

AL) 11 February 2010 (2010-02-11)
abstract; figures 1-3

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2006 022710 A (MITSUBISHI MOTORS CORP) 1-9
26 January 2006 (2006-01-26)
abstract
A US 2010/123465 Al (OWENS RICHARD [US] ET 6
AL) 20 May 2010 (2010-05-20)
abstract; figures 1-3
A US 2010/036626 Al (KANG JUNG-SO0 [KR] ET 1-9

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2015/000311
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2009204314 Al 13-08-2009  JP 4547011 B2 22-09-2010
JP 2009190522 A 27-08-2009
US 2009204314 Al 13-08-2009

US 2012029746 Al 02-02-2012 CN 102333946 A 25-01-2012
DE 112010005574 T5 29-05-2013
JP 5035431 B2 26-09-2012
US 2012029746 Al 02-02-2012
WO 2011145190 Al 24-11-2011

EP 1079496 A2 28-02-2001 DE 60025558 T2 26-10-2006
EP 1079496 A2 28-02-2001
JP 3468167 B2 17-11-2003
JP 2001069681 A 16-03-2001
US RE39212 El 01-08-2006
US 6605946 B1 12-08-2003

JP 2006022710 A 26-01-2006  NONE

US 2010123465 Al 20-05-2010  NONE

US 2010036626 Al 11-02-2010  CN 102119338 A 06-07-2011
EP 2321663 Al 18-05-2011
JP 5269994 B2 21-08-2013
JP 2011530696 A 22-12-2011
KR 20100019249 A 18-02-2010
W 201007190 A 16-02-2010
US 2010036626 Al 11-02-2010
US 2012035873 Al 09-02-2012
WO 2010016647 Al 11-02-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

