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(57) Abstract: An ECU avoids engine stall by putting a compressor into a stationary state in a case where the rotation speed of a
crankshaft is equal to or less than a predetermined speed during an idle operation of an internal combustion engine. During the idle
operation, the ECU calculates a total load torque applied to the crankshaft by the compressor and an alternator. The ECU calculates
the maximum torque of the internal combustion engine during the idle operation based on a target speed during the idle operation.
Then, the ECU raises the predetermined speed in a case where the value obtained by subtracting the load torque from the maximum
torque is equal to or less than a predetermined value.
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CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a control device for an internal combustion engine
that is applied to a vehicle traveling by using the power of the internal combustion engine
and provided with an auxiliary machine which is driven by the power of the internal

combustion engine.

2. Description of Related Art

[0002]  Rotation speed control for reaching a target speed by using the calculation
of a required torque for an internal combustion engine during an idle operation based on a
load torque applied to the internal combustion engine and the operation of an actuator of
the internal combustion engine in accordance with the required torque is disclosed in, for
example, Japanese Patent Application Publication No. 10-325349. Herein, the load
torque includes an auxiliary machine load torque applied to a crankshaft by an auxiliary

machine.

SUMMARY OF THE INVENTION

[0003]  For the rotation speed to be controlled to reach the target speed during the
idle operation of the device described above, the shaft torque that is required for the
internal combustion engine by the required torque needs to be equal to or less than the
maximum value of the shaft torque that can be realized in the internal combustion engine.
Accordingly, the auxiliary machine load torque may exceed the maximum value of the
shaft torque that can be realized in the internal combustion engine in a case where the
maximum value of the shaft torque has no room against the auxiliary machine load torque
applied to the crankshaft by the auxiliary machine during the idle operation. When the

auxiliary machine load torque exceeds the maximum value of the shaft torque that can be
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realized in the infernal combustion engine, the rotation speed of the crankshaft of the
internal combustion engine rapidly drops, which may cause the internal combustion engine
to be stopped (engine stall).

[0004]  The invention provides a control device for an internal combustion engine
that is capable of inhibiting an engine stall situation even in a case where the maximum
value of the shaft torque that can be realized in the internal combustion engine has no
room.

[0005] According to an aspect of the invention, there is provided a control device
for an internal combustion engine applied to a vehicle, the control device including at least
one electronic control unit configured to i) execute idle control for controlling a rotation
speed of a crankshaft of the internal combustion engine to reach a target speed for an idle
operation, ii) decrease a first torque when the rotation speed of the internal combustion
engine becomes equal to or less than a predetermined speed during the execution of the
idle control, the first torque being a torque applied to the crankshaft of the internal
combustion engine by a predetermined auxiliary machine mounted on the vehicle, iii)
during the execution of the idle control, a) acquire a second torque, the second torque
being the maximum torque that the internal combustion engine is capable of generating, b)
acquire a third torque, the third torque being a load torque related to the internal
combustion engine including the first torque, and c) acquire a fourth torque, the fourth
torque being the maximum value of a shaft torque capable of being realized in the internal
combustion engine, and iv) when the idle control is executed based on the second torque
and the third torque, set the predetermined speed to be greater when a torque difference is
equal to or less than a predetermined value compared to when the torque difference
exceeds the predetermined value, the torque difference being a value obtained by
subtracting the first torque from the fourth torque. The aspect described above can be
defined as follows. The control device for an internal combustion engine is applied to a
vehicle traveling by using the power of the internal combustion engine and is provided
with an idle control processing unit controlling the rotation speed of the crankshaft of the

internal combustion engine to reach the target speed for the idle operation, a reduction
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processing unit decreasing the auxiliary machine load torque applied to the crankshaft of
the internal combustion engine by the predetermined auxiliary machine as one of the
auxiliary machines mounted on the vehicle on the condition that the rotation speed of the
internal combustion engine is equal to or less than the predetermined speed during the
execution of the control performed by the idle control processing unit, a maximum torque
acquisition processing unit acquiring the maximum torque that the internal combustion
engine is capable of generating during the control performed by the idle control processing
unit, a load torque acquisition processing unit acquiring the load torque including the
auxiliary machine load torque applied to the crankshaft by the mounted auxiliary machine,
and a setting processing unit setting the predetermined speed to be greater in a case where
the torque difference by which the maximum value of the shaft torque capable of being
realized in the internal combustion engine exceeds the auxiliary machine load torque
applied to the crankshaft by the mounted auxiliary machine is equal to or less than the
predetermined value than in a case where the torque difference exceeds the predetermined
value during the execution of the control performed by the idle control processing unit
based on the maximum torque acquired by the maximum torque acquisition processing unit
and the load torque acquired by the load torque acquisition processing unit.

[0006] During the idle operation of the internal combustion engine, the reduction
processing unit decreases the auxiliary machine load torque applied to the crankshaft by
the predetermined auxiliary machine prior to a situation in which the rotation speed of the
internal combustion engine is reduced for any reason and it becomes difficult to restore the
rotation speed of the internal combustion engine to the target speed so that the occurrence
of the engine stall can be inhibited eventually. It is more difficult to restore the rotation
speed of the internal combustion engine to the target speed in a case where the maximum
value of the shaft torque has no room against the auxiliary machine load torque applied to
the crankshaft by the auxiliary machine than in a case where the maximum value of the
shaft torque has room against the auxiliary machine load torque applied to the crankshaft
by the auxiliary machine in a case where the rotation speed of the internal combustion

engine is reduced for any reason. Accordingly, in a case where the predetermined speed
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is set on the assumption that the maximum value of the shaft torque has room, the
processing performed by the reduction processing unit so as to decrease the auxiliary
machine load torque applied to the crankshaft by the auxiliary machine will not suffice in a
case where the maximum value of the shaft torque has no room and the engine stall could
occur. In a case where the predetermined speed is set on the assumption that the
maximum value of the shaft torque has no room, in contrast, the processing performed by
the reduction processing unit so as to decrease the auxiliary machine load torque could be
unnecessarily executed in a case where the maxirﬁum value of the shaft torque has room.

[0007] In this regard, the setting processing unit is provided for the predétermined
speed to be set to be greater in a case where the torque difference does not exceed the
predetermined value than in a case where the torque difference exceeds the predetermined
value and the torque difference by which the maximum value of the shaft torque capable of
being realized in the internal combustion engine exceeds the auxiliary rﬁachine load torque
can be expanded earlier in a case where the rotation speed is reduced in a state where the
maximum value of the shaft torque capable of being realized in the internal combustion
engine has no room than in a case where the maximum value of the shaft torque capable of
being realized in the internal combustion engine has room. Accordingly, an engine stall
situation can be inhibited even in a case where the maximum value of the shaft torque
capable of being realized in the internal combustion engine has no room. In addition, the
execution of the processing performed by the reduction processing unit so as to decrease
the auxiliary machine load torque can be inhibited compared to a case where the
predetermined speed is set on the assumption that the maximum value of the shaft torque
has no room.

[0008] In the aspect described above, the electronic control unit may be
configured to variably set the second torque in accordance with at least one of a
temperature of outside air and a pressure of the outside air.

[0009] In the device described above, the maximum torque is variably set in
accordance with the temperature of the outside air and the pressure of the outside air, and

thus the torque difference described above can be more accurately calculated than in the
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case of no variable setting. Accordingly, a situation can be inhibited in which the
processing for decreasing the auxiliary machine load torque applied to the crankshaft by
the predetermined auxiliary machine is carried out by the predetermined speed being raised
in a case where the maximum value of the shaft torque capable of being realized has room.

[0010] In the aspect described above, the predetermined auxiliary machine may
be a compressor for an air-conditioning device mounted on the vehicle. In the device
described above, the compressor having no direct effect on functions relating to the
traveling of the vehicle is the object of a decrease in the auxiliary machine load torque.
Accordingly, a situation can be éppropriately inhibited in which the functions relating to
the traveling of the vehicle are affected by the processing performed by the reduction
processing unit.

[0011] In the aspect described above, the electronic control unit may be
configured to i) set the predetermined speed to a first value when the torque difference
exceeds the predetermined value, and ii) set the predetermined speed to a second value
larger than the first value when the torque difference does not exceed the predetermined
value.

[0012] In the device described above, the predetermined speed is variably set
depending on whether or not the predetermined value is exceeded. Accordingly, the
processing for inhibiting a situation in which the engine stall occurs in a case where the
maximum value of the shaft torque capable of being realized in the internal combustion
engine has no room can be relatively simply performed.

[0013] In the aspect described above, the electronic control unit may be
configured to. set the predetermined speed to a value increasing in two or more steps or
continuously as the torque difference decreases. The amount of a decline in the rotation
speed of the internal combustion engine allowing the restoration to the target speed without
decreasing the auxiliary machine load torque applied to the crankshaft by the auxiliary
machine decreases as the room in the maximum value of the shaft torque capable of being
realized in the internal combustion engine decreases. In this regard, the predetermined

speed can be variably set to at least three values in the device described above, and thus the
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predetermined speed can be set to the minimum level possible depending on the margin of
the maximum value of the shaft torque. Accordingly, it is possible to prevent the
auxiliary machine load torque applied to the crankshaft by the predetermined auxiliary

machine from being minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features, advantages, and technical and industrial significance of
exempléry 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 system configuration diagram according to a first embodiment;

FIG. 2 is a block diagram illustrating the processing that is carried out during an idle
operation according to the first embodiment;

FIG. 3 is a flowchart illustrating the procedure of the processing that is carried out by
a threshold setting unit according to the first embodiment;

FIG. 4 is a time chart illustrating how a load torque, a rotation speed, and a
compressor state change; and

FIG. 5A is a time chart illustrating how the load torque changes, and FIG 5B is a time

chart illustrating how the rotation speed changes.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015]  <First Embodiment> Hereinafter, a first embodiment of a rotation speed
control device for an internal combustion engine will be described in detail with reference
to accompanying drawings.

[0016] An intemal combustion engine 10 that is illustrated in FIG 1 is a
low-displacement (for example, “1,500 cc” or less) engine. A throttle valve 14 is
disposed in an intake passage 12 of the internal combustion engine 10. The throttle valve
14 adjusts the flow path area of the intake passage 12. In the intake passage 12, a fuel
injection valve 16 is disposed downstream from the throttle valve 14. An air-fuel mixture

of the air that is suctioned into the intake passage 12 and the fuel that is injected by the fuel
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injection valve 16 is suctioned into a combustion chamber 20 as a result of the opening of
an intake valve 18. A spark plug 22 is disposed in the combustion chamber 20. The
air-fuel mixture that is suctioned into the combustion chamber 20 is combusted when the
spark plug 22 performs an ignition operation, and the combustion energy is converted into
the rotational energy of a crankshaft 28 via a piston 26. The air-fuel mixture provided for
the combustion in the combustion chamber 20 is discharged, as exhaust gas, to an exhaust
passage 32 as a result of the opening of an exhaust valve 30. A catalyst 34 that purifies
the exhaust gas is disposed in the exhaust passage 32.

[0017]  The valve-opening timing of the intake valve 18 can be variably set by an
intake side variable valve timing mechanism 36. The valve-opening timing of the exhaust
valve 30 can be variably set by an exhaust side variable valve timing mechanism 38.

[0018] The crankshaft 28 of the internal combustion engine 10 is mechanically
connected to a driving wheel via a transmission 29. In addition, the crankshaft 28 is
mechanically connected to a compressor 42. The compressor 42 is built into an
air-conditioning device 40 and compresses a refrigerant for air conditioning. In this
embodiment, a variable capacity-type compressor is assumed as the compressor 42. In
other words, the compressor 42 is provided with a crank chamber that is filled with the
refrigerant as an object of compression, a piston that allows the crank chamber to expand
or contract, and a device that allows the piston stroke to vary. The compressor 42 is in a
stationary state when the piston stroke is zero and the compressor 42 does not perform an
operation for pressurizing the refrigerant. The compressor 42 is in a driving state when
the piston stroke exceeds zero and the compressor 42 performs the operation for
pressurizing the refrigerant.

[0019] An ECU 44 is an electronic control device that controls the
air-conditioning device 40. The ECU 44 performs capacity control particularly by
manipulating the piston stroke of the compressor 42. In this embodiment, the ECU 44
has a fixed piston stroke value and performs no variable capacity control in a case where
the compressor 42 is driven during an idle operation (described later).

[0020] The rotating shaft of an alternator 52, which is built into an electric power
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generation unit 50, is also mechanically connected to the crankshaft 28. The output
voltage of the alternator 52 is applied to a battery 60. The battery 60 is electric power
storage means for supplying electric power to a vehicle-mounted electronic control device
such as the ECU 44 and an electronically-controlled actuator such as the throttle valve 14
and the spark plug 22. The battery 60 supplies electric power to an electric vacuum pump
62 that generates a brake negative pressure in particular. This is for the assumption of a
vehicle not using the intake negative pressure of the intake passage 12 in ensuring the
brake negative pressure as the vehicle according to this embodiment.

[0021] An electronic control unit (ECU) 70 is an electronic control device that
controls the internal combustion engine 10. The ECU 70 receives the rotation speed NE
of the crankshaft 28 based on a value detected by a crank angle sensor 80, the temperature
of outside air (outside air temperature THO) detected by an outside air temperature sensor
82, and an outside air pressure PO detected by an atmospheric pressure sensor 84. In
addition, the ECU 70 receives the temperature of a coolant for the internal combustion
engine 10 (coolant temperature THW) detected by a water temperature sensor 86, the
temperature of a lubricant for the internal combustion engine 10 (oil temperature THA)
detected by an oil temperature sensor 88, and the pressure of the refrigerant (refrigerant
pressure PC) detected by a refrigerant pressure sensor 90. Various actuators such as the
throttle valve 14, the spark plug 22, the intake side variable valve timing mechanism 36,
and the exhaust side variable valve timing mechanism 38 are operated based on the
respective values described above.

[0022]  The ECU 70 performs the idle operation for controlling the rotation speed
of the crankshaft 28 to reach a target speed by suppressing the output of the internal
combustion engine 10 to the minimum within a range in which no engine stall occurs
particularly when it is not required for the shaft torque of the internal combustion engine
10 to be applied to the driving wheel. This will be described below with reference to FIG.
2.

[0023]  FIG 2 is a functional block diagram illustrating the processing related to

the idle operation in particular among those realized by the ECU 70. A target speed
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setting unit M10 sets a targét value of the rotation speed NE of the crankshaft 28 (target
speed NE*) for the idle operation. Herein, the target speed NE* is variably set, with a
signal output from the ECU 44 used as an input, depending on whether the compressor 42
is in the driving state or in the stationary state. Specifically, a greater value is set as the
target speed NE* in a case where the compressor 42 is in the driving state than in a case
where the compressor 42 is in the stationary state.

[0024]  An open loop operation amount calculating unit M12 calculates an open
loop operation amount for controlling the rotation speed NE of the crankshaft 28 to reach
the target speed NE* by uéing the target speed NE* as an input. The open loop operation
amount is a physical quantity that has the dimension of torque “Nm”. The open loop
operation amount is calculated without regard for a friction load torque corresponding to
various frictional forces such as the frictional force between the piston 26 and a cylinder
inner wall surface and the frictional force generated during the driving of the intake valve

18 and the exhaust valve 30. In addition, the open loop operation amount is set to a value

that is required for the control for reaching the target speed NE* in a case where auxiliary

machine load torques applied to the crankshaft 28 by auxiliary machines such as the
compressor 42 and the alternator 52 are ignored. It is desirable that the open loop
oper‘ation amount is calculated in view of, for example, a pumping loss at the target speed
NE*.

[0025] A closed loop operation amount calculating unit M14 calculates an
operation amount (closed loop operation amount) for the feedback control of the rotation
speed NE to the target speed NE*. The closed loop operation amount is also a physical
quantity that has the dimension of torque.

[0026] An adding unit M16 adds the open loop operation amount to the closed
loop operation amount and outputs the result as a torque base value Trgb*. An auxiliary
machine torque calculating unit Mlg calculates the total auxiliary machine load torque
applied to the crankshaft 28 by the auxiliary machines such as the compressor 42 and the
alternator 52. This auxiliary machine load torque is a physical quantity that shows the

load which consumes the shaft torque of the internal combustion engine 10. In this
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embodiment, the auxiliary machine load torque is calculated as an absolute value. The
auxiliary machine load torque that is applied to the crankshaft 28 by the compressor 42 is
calculated in view of the target speed NE* and the refrigerant pressure PC. The auxiliary
machine load torque that is applied to the crankshaft 28 by the alternator 52 is calculated
based on the target speed NE* and a required electric power generation current for the
alternator 52. Herein, the required electric power generation current may be acquired
from the electric power generation unit 50. In a case where a water pump that allows the
circulation of the coolant for the internal combustion engine 10 and an oil pump that
allows the circulation of the lubricant for the internal combustion engine 10 are present as
the auxiliary machines that apply auxiliary machine load torques interfering with rotation
to the crankshaft 28, it is desirable that these auxiliary machine load torques are also
calculated and added to the output value of the auxiliary machine torque calculating unit
M18. These auxiliary machine load torques can be calculated based on, for example, the
target speed NE*. |

[0027] A friction calculating unit M20 calculates a friction load torque correlated
with the frictional forces described above by using the coolant temperature THW and the
oil temperature THA as inputs. In other words, the friction calculating unit M20
calculates the amount attributable to the frictional forces in the value obtained by
subtracting the shaft torque from an indicated torque. The lower the coolant temperature
THW and the oil temperature THA are, the greater the value of the friction load torque is.

[0028] An adding unit M22 adds the auxiliary machine load torque calculated by
the auxiliary machine torque calculating unit M18 to the friction load torque calculated by
the friction calculating unit M20 and outputs the result as a load torque TrqL.

[0029]  An adding unit M24 calculates a required torque Trq* by adding the
torque base value Trgb* output by the adding unit M16 to the load torque TrqL output by
the adding unit M22. The required torque Trq* is an indicated torque that is required for
the rotation speed NE of the internal combustion engine 10 to become the target speed
NE*. In other words, the sum of the output value of the open loop operation amount

calculating unit M12 and the output value of the friction calculating unit M20 is an
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indicated torque for the control for reaching the target speed NE* pertaining to a case
where the auxiliary machine load torque applied to the crankshaft 28 by the auxiliary
machines is ignored. Accordingly, what is obtained by adding the output value of the
auxiliary machine torque calculating unit M18 to this indicated torque is an indicated
torque of the internal combustion engine 10 taking into account the auxiliary machine load
torque applied to the crankshaft 28 by the auxiliary machines.

[0030]  An operation amount calculating unit M26 calculates the opening degree
of the throttle valve 14 of the internal combustion engine 10 and ignition timing based on
the required torque Trq* and manipulates the opening degree and the ignition timing in
accordance therewith. Specifically, the opening degree of the throttle valve 14 and the
ignition timing are manipulated so that the indicated torque 6f the internal combustion
engine 10 becomes the required torque Trq*. In this embodiment, an actual air-fuel ratio
is feedback-controlled to reach a target air-fuel ratio with the target air-fuel ratio used as a
theoretical air-fuel ratio when the rotation speed NE is controlled to reach the target speed
NE*. Accordingly, the target air-fuel ratio has a fixed value and is not an object of
manipulation, and thus is not an operation amount for the indicated torque to become the
required torque Trq*. In addition, in this embodiment, the valve-opening timing of the
intake valve 18 and the valve-opening timing of the exhaust valve 30 have fixed values
when the rotation speed NE is controlled to reach the target speed NE*. Accordingly, the
valve timing is not an operation amount for the indicated torque to become the required
torque Trg*.

[0031] In this embodiment, feed-forward control based on the load torque TrqL is
adopted for the control for reaching the target speed NE* as described above.
Accordingly, the output of the internal combustion engine 10 during the idle operation can
have a smaller value than in a case where the control for reaching the target speed NE* is
performed based solely on the feedback control of the rotation speed NE to the target speed
NE*. This is because the output of the internal combustion engine 10 during the idle
operation needs to be increased to some extent to prevent the engine stall attributable to the

overshoot and the undershoot intensifying as transient phenomena relating to load
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fluctuations in a case where only the feedback control is performed.

[0032] In this embodiment, the negative pressure in the intake passage 12 is not
used as the brake negative pressure, and thus a request for a negative pressure in the intake
passage 12 during the idle operation does not occur. In a case where the negative
pressure in the intake passage 12 is used as the brake negative pressure, the maximum
value of the total auxiliary machine load torque is set to the value of the shaft torque of the
internal combustion engine 10 pertaining to a case where the opening degree of the throttle
valve 14 is reduced to the level allowing the use of the negative pressure in the intake
passage 12 as the brake negative pressure. In this embodiment, however, the maximum
value of the total auxiliary machine load torque can become close to the shaft torque at the
maximum opening degree of the throttle valve 14. In this case, however, the engine stall
may occur as the setting in this case may remove the room in the maximum value that can
be realized as the shaft torque of the internal combustion engine 10 and this may cause, for
example, the shaft torque of the internal combustion engine 10 to be exceeded by the load
torque for stopping the fotation of the crankshaft 28, which is attributable to an increase in
friction, unexpected disturbances, and the like that follow the deterioration of the internal
combustion engine 10.

[0033] In this embodiment, the compressor 42 is stopped when the rotation speed
NE of the internal combustion engine 10 drops below a predetermined speed NEth so that
the engine stall is avoided despite the setting that may remove the room as described above
while the predetermined speed NEth is raised in a case where the maximum value of the
shaft torque that can be realized in the internal combustion engine 10 has no room. This
will be described in detail below.

[0034] A maximum generated torque calculating unit M28 calculates the
maximum value of the torque of the internal combustion engine 10 (maximum torque
TrgMAX) available by the execution of the control for reaching the target speed NE*.
Herein, the torque has a value that is obtained by subtracting an equivalent to the pumping
loss of the internal combustion engine 10 from the indicated torque.

[0035] As described‘above, the valve timing and the target air-fuel ratio are fixed
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during the execution of the control for reaching the target speed NE*. Accordingly, the
maximum torque TrqMAX is calculated with the valve timing and the target air-fuel ratio
given. Specifically, the maximum torque TrqMAX is calculated with the ignition timing
used as an optimum value. Herein, the optimum value refers to one of two ignition
timings that is the retard-side timing, the two ignition timings referring to a Minimum
advance for Best Torque (MBT) as the ignition timing when torque generation efficiency is
maximized and a trace knock ignition timing as the édvance limit of the ignition timing
when the occurrence of knocking can be avoided. In addition, the maximum torque
TrqMAX is calculated with the opening degree of the throttle valve 14 used as the
maximum value. However, filling efficiency is not determined uniquely as the opening
degree of the throttle valve 14 is used as the maximum value and the target speed NE* is
given. Accordingly, in this embodiment, the outside air temperature THO and the outside
air pressure PO as well as the target speed NE* are used so that the filling efficiency
pertaining to a case where the opening degree of the throttle valve 14 is used as the
maximum value can be figured out with accuracy. In other words, the maximum torque
TrgMAX 1is calculated based on the outside air temperature THO and the outside air
pressure PO as well as the target speed NE*.

[0036] A threshold setting unit M30 sets the predetermined speed NEth described
above, which is a threshold for stopping the compressor 42, based on the maximum torque
TrgMAX and the load torque TrqL. This will be described below with reference to FIG
3.

[0037] FIG. 3 shows the processing that is executed by the threshold setting unit
M30. This processing is repeatedly executed at, for example, a predetermined cycle
during the idle operation., The threshold setting unit M30 acquires the maximum torque
TrgMAX at the beginning of this series of processing (S10). Then, the threshold setting
unit M30 acquires the load torque TrqL (S12). Then, the threshold sétting unit M30
determines whether or not the value that is obtained by subtracting the load torque TrqL
from the maximum torque TrqMAX is equal to or less than a predetermined value ATrq

(S14). This processing is to determine the presence of absence of a situation in which the



10

15

20

25

WO 2016/046613 PCT/IB2015/001644

14

engine stall is likely to occur due to the lack of the room in the maximum value of the shaft
torque that can be realized in the internal combustion engine 10 with respect to the
auxiliary machine load torque applied to the crankshaft 28 by the auxiliary machines. In
other words, the maximum torque TrqMAX is the value that is obtained by subtracting the
load torque of the pumping loss equivalent from the indicated torque. Accordingly, the
value that is obtained by subtracting the output value of the friction calculating unit M20
from the maximum torque TrqMAX is the maximum value of the shaft torque that can be
realized in the internal combustion engine 10. Accordingly, the value that is obtained by
subtracting the load torque TrqL from the maximum torque TrqMAX is the value that is
obtained by subtracting the auxiliary machine load torque applied to the crankshaft 28 by
the auxiliary machines from the maximum value of the shaft torque that can be realized in
the internal combustion engine 10. In other words, the value that is obtained by
subtracting the load torque TrqL from the maximum torque TrqMAX is the torque
difference by which the maximum value of the shaft torque that can be realized in the
internal combustion engine 10 exceeds the auxiliary machine load torque applied to the
crankshaft 28 by the auxiliary machines.

[0038] It is desirable that the predetermined value ATrq is a value equal to or
greater than zero. It is particularly desirable that the predetermined value ATrq is set to a
value exceeding zero in that a torque margin required for the rotation speed NE to be
restored to the target speed NE* should be ensured when the rotation speed NE is reduced
due to disturbances or the like. In addition, it is desirable that a greater value is set as the
predetermined value ATrq as the accuracy of the calculation of the maximum torque
TrgMAX and the load torque TrqL is lower.

[0039]  The threshold setting unit M30 sets the predetermined speed NEth as a
reference value B in a case where it is determined that the predetermined value ATrq is
exceeded (S14: NO). The reference value B is set based on the lower limit value of the
value that allows the restoration of the rotation speed NE to the target speed NE* even
without stopping the compressor 42 in a case where the rotation speed NE of the internal

combustion engine 10 is reduced when the maximum value of the shaft torque that can be
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realized in the internal combustion engine 10 has room.

[0040]  The threshold setting unit M30 sets the predetermined speed NEth as an
anti-stall value A (S16) in a case where it is determined that the predetermined value ATrq
is not exceeded (S14: YES). Herein, the anti-stall value A is set based on the lower limit
value of the value that allows the restoration of the rotation speed NE to the target speed
NE* even without stopping the compressor 42 in a case where the rotation speed NE of the
internal combustion engine 10 is reduced when the maximum value of the shaft torque that
can be realized in the internal combustion engine 10 has no room. In a case where the
maximum value of the shaft torque that can be realized in the internal combustion engine
10 has no room, it is difficult to raise the rotation speed NE after the rotation speed NE is
reduced. Accordingly, the anti-stall value A is set to a value greater than the reference
value B.

[0041] The threshold setting unit M30 temporarily terminates this series of
processing in a case where the processing of Step S16 and S18 is completed. Effects of
the processing described above will be described with reference to FIG. 4.

[0042] FIG 4 showé how the maximum torque TrgMAX and the load torque TrqL
change, how the rotation speed NE and the predetermined speed NEth change, and how the
compressor 42 is driven or stopped.

[0043] Prior to time t1, the predetermined speed NEth has the reference value B,
as illustrated in the drawing, since the value that is obtained by subtracting the load torque
TrqL from the maximum torque TrqMAX exceeds the predetermined value ATrq. When
the value thaf is obtained by subtracting the load torque TrqL from the maximum torque
TrqMAX becomes equal to or less than the predetermined value ATrq at time t1, the
predetermined speed NEth rises to the anti-stall value A. Then, the compressor 42 is in
the driving state, even when the load torque TrqL exceeds the maximum torque TrqMAX,
while the rotation speed NE exceeds the predetermined speed NEth. Then, at time t2, the
rotation speed NE becomes equal to or less than the predetermined speed NEth and the
compressor 42 is put into the stationary state by the ECU 44 based on a command from the

ECU 70. In this manner, the load torque that is abplied to the crankshaft 28 from the
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outside decreases by the same amount as the auxiliary machine load torque applied to the
crankshaft 28 by the compressor 42. Accordingly, the maximum value of the shaft torque
has room against the auxiliary machine load torque applied to the crankshaft 28 by the
auxiliary machines, and thus the shaft torque of the internal combustion engine 10 can
have a value that is sufficient to raise the rotation speed NE. In this manner, the rotation
speed NE is restored to the target speed NE*. In this case, the target speed NE* remains
equal to that during the driving of the compressor 42. In addition, the stationary state of
the compressor 42 is maintained for a predetermined period of time, even when the
rotation speed NE exceeds the predetermined speed NEth, after the compressor 42 is
stopped.

[0044] The presence of the period when the rotation speed NE of the internal
combustion engine 10 is not reduced even when the load torque TrqL exceeds the
maximum torque TrqMAX is because the maximum torque TrqMAX and the load torque
TrqL are erroneous. In a case where the compressor 42 is put into the stationary state by
the value that is obtained by subtracting the load torque TrqL from the maximum torque
TrgMAX becoming equal to or less than zero, the compressor 42 may be unnecessarily
stopped due to the error. In this embodiment, however, the compressor 42 is put into the
stationary state based on an actual decline in the rotation speed NE, and thus the driving
state of the compressor 42 can be maintained as long as possible while the engine stall is
inhibited.

[0045] The compressor 42 is stopped in a case where the idle operation is
released by an accelerator operation when tﬁe value that is obtained by subtracting the load
torque TrqL. from the maximum torque TrgMAX is close to the predetermined value ATrq.
This is realized by using a known logic for stopping the compressor 42 in a case where a
torque shortage occurs when an increase in the shaft torque of the internal combustion
engine 10 is required.

[0046] This embodiment described above can achieve the following effects. (1)
The predetermined speed NEth is raised when the value that is obtained by subtracting the

load torque TrqL from the maximum torque TrqMAX is equal to or less than the



10

15

20

25

WO 2016/046613 PCT/IB2015/001644

17

predetermined value ATrq. Accordingly, an engine stall situation can be inhibited.
Especially, the predetermined speed NEth is raised to the anti-stall value A when the value
that is obtained by subtracting the load torque TrqL from the maximum torque TrqMAX is
equal to or less than the predetermined value ATrq, and thus a situation in which the
compressor 42 is stopped can be inhibited along with the engine stall situation compared to
a case where the predetermined speed NEth remains set to the anti-stall value A at all
times.

[0047]  (2) The compressor 42 is put into the stationary state when the rotation
speed NE is equal to or less than the predetermined speed NEth. Herein, the auxiliary
machine load torque that is applied to the crankshaft 28 by the compressor 42 is relatively
large, and thus the maximum value of the shaft torque that can be realized in the internal
combustion engine 10 has room when the compressor 42 is put into the stationary state.
Accordingly, the rotation speed NE can be restored to the target speed NE*.

[0048] (3) The compressor 42, which does not affect functions relating to the
traveling of the vehicle, is the object of a decrease in the auxiliary machine load torque.
Accordingly, a situation can be inhibited in which the functions relating to the traveling are
affected by the control for restoring the rotation speed NE to the target speed NE*.

[0049]  (4) The maximum torque TrgMAX is variably set based on the outside air
temperature THO and the outside air pressure PO. Accordingly, a situation can be
inhibited in which it is determined that the value that is obtained by subtracting the load
torque TrqL from the maximum torque TrqMAX 1is equal to or less than the predetermined
value ATrq when the maximum value of the shaft torque which can be realized has room.
Accordingly, a situation in which the compressor 42 is stopped can be inhibited along with
the engine stall situation.

[0050] In the embodiment described above, the compressor 42 corresponds to a
predetermined auxiliary machine, the part that performs the processing of time t2 in FIG. 4
by the ECUs 44, 70 corresponds to a reduction processing unit, the processing of Step S10
corresponds to a maximum torque acquisition processing unit, and the processing of Step

S12 corresponds to a load torque acquisition processing unit. In addition, the reference
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value B corresponds to a first value and the anti-stall value A corresponds to a second
value.

[0051] <Second Embodiment> Hereinafter, a second embodiment of the rotation
speed control device for an internal combustion engine will be described with reference to
accompanying drawings. The following description will focus on how the second
embodiment differs from the first embodiment.

[0052] In the first embodiment described above, the predetermined speed NEth is
set to one of the reference value B and the anti-stall value A. In this embodiment,
however, the predetermined speed NEth is continuously changed in accordance with the
value that is obtained by subtracting the load torque TrqL from the maximum torque
TrgMAX. Specifically, a continuously increasing value is set as the predetermined speed
NEth as the value that is obtained by subtracting the load torque TrqL from the maximum
torque TrqMAX decreases.

[0053] FIG 5A illustrates how the maximum torque TrgMAX and the load torque

.Tqu change, and FIG 5B illustrates how the rotation speed NE and the predetermined

speed NEth change. In this embodiment, the predetermined speed NEth is gradually
increased as the value that is obtained by subtracting the load torque TrqL from the
maximum torque TrqMAX is gradually decreased as illustrated in the drawings. In other
words, when a value other than the maximum value and the minimum value of the value
illustrated in FIG. 5A as the value that is obtained by subtracting the load torque TrqL from
the maximum torque TrqgMAX is assumed as a predetermined value, the predetermined
speed NEth is set to a greater value in a case where the predetermined value is exceeded
than in a case where the predetermined value is not exceeded.

[0054] Herein, the amount of a decline in the rotation speed NE pertaining to a
case where the rotation speed NE declines for any reason and allowing the restoration of
the rotation speed NE to the target speed NE* without stopping the compressor 42 is
considered to decrease as the room of the maximum torque TrqMAX decreases.
Accordingly, the predetermined speed NEth can be set to the minimum level possible when

the predetermined speed NEth is gradually increased in the manner described above.
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Accordingly, the stopping of the compressor 42 can be prevented as long as possible.

[0055] <Other Embodiments> Each of the embodiments described above may be
modified as follows. Regarding the maximum torque, the maximum torque TrqMAX is
calculated based on the outside air temperature THO and the outside air pressure PO in the
embodiments described above. However, the calculation of the maximum torque
TrgMAX may employ fixed outside air tempefature and outside air pressure values
determined in advance instead of the outside air temperature THO and the outside air
pressure PO detected each time.

[0056] The maximum torque TrqMAX is not limited to what is obtained by
subtracting the load torque of the pumping loss equivalent from the indicated torque. For
example, the maximum torque TrqMAX may be a shaft torque. Even in this case,
processing that is mathematically equivalent to the processing of Step S14 can be realized
when the load torque TrqL is the auxiliary machine load torque calculated by the auxiliary
machine torque calculating unit M18 and the friction load torque calculated by the friction
calculating unit M20 is excluded. However, the invention is not limited thereto. For
example, the indicated torque may be the maximum torque TrqMAX and the load torque
TrqL may be the same as that in the embodiments described above. Although the load
torque of the pumping loss equivalent is not taken into account in this case, a situation in
which the timing at which the predetermined speed NEth is raised is delayed can be
inhibited when the predetermined value ATrq is appropriately set.

[0057] Regarding the auxiliary machine torque calculating unit, the auxiliary
machine load torque applied to the crankshaft 28 by the alternator 52 is calculated based on
the target speed NE* and the required electric power generation current in the embodiment
described above. However, the invention is not limited thereto. For example, the

auxiliary machine load torque applied to the crankshaft 28 by the alternator 52 may be

calculated based on the target speed NE* and a detected electric power generation current

value or may be calculated based on the rotation speed NE and the detected electric power

‘generation current value. In addition, the calculated value of the auxiliary machine load

torque applied to the crankshaft 28 by each auxiliary machine not limited to the alternator



10

15

20

25

WO 2016/046613 PCT/IB2015/001644

20
52 may be the auxiliary machine load torque currently applied to the crankshaft 28 by the
auxiliary machine, the auxiliary machine load torque applied later through control to the
crankshaft 28 by the auxiliary machine, or the intermediate value thereof or the like.

[0058] Regarding the load torque, the load torque that is applied to the crankshaft
28 by the transmission 29 is not taken into account in the crankshaft 28 during the
calculation of the load torque TrqL in the embodiments described above. However, it is
desirable that the load torque that is applied to the crankshaft 28 by the transmission 29 is
taken into account in a case where, for example, the transmission 29 is provided with a
torque converter. In this case, the load torque that is applied to the crankshaft 28 by the
transmission 29 may be calculated in view of, for example, the temperature of a fluid in the
torque converter. The load torque that is applied to the crankshaft 28 by the transmission
29 or the like can also be taken into account during the setting of the predetermined value
ATrq instead of the load torque that is applied to the crankshaft 28 by the transmission 29
or the like being ignored during the calculation of the load torque TrqL. In other words,
the predetermined value ATrq may be set to a value exceeding zero and this value may be
set in view of the ignoring of the load torque applied to the crankshaft 28 by the
transmission 29 or the like in the load torque TrqL.

[0059] Regarding the setting processing unit, the predetermined speed NEth may
be set to the anti-stall value A in a case where, for example, “TrqL/TrgMAX” is at least a
specified ratio o in the first embodiment described above. Herein, this processing is
mathematically equivalent to the processing of Step S14 in FIG 3 when
“-(0-1) TrgMAX=ATrq” is satisfied.

[0060] In the second embodiment described above, a continuously increasing
value is set as the predetermined speed NEth as the value that is obtained by subtracting
the load torque TrqL from the maximum torque TrqMAX decreases. However, the
invention is not limited thereto. For example, a value increasing in two or more steps
may be set as the predetermined speed NEth as the value that is obtained by subtracting the
load torque TrqL from the maximum torque TrgMAX decreases.

[0061] Regarding the reduction processing unit, the compressor 42 is put into the
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stationary state when the rotation speed NE is equal to or less than the predetermined speed
NEth in the embodiment described above. However, the invention is not limited thereto.
For example, the auxiliary machine load torque applied to the crankshaft 28 by the
compressor 42 may be decreased with a value exceeding zero. This can be realized by,
for example, changing the piston stroke of the compressor 42 into a value smaller when the
rotation speed NE is equal to or less than the predetermined speed NEth than when the
rotation speed NE exceeds the predetermined speed NEth.

[0062] The predetermined auxiliary machine as an object of torque decrease is
not limited to the compressor 42. In a case where the degree of a request for charging the
battery 60 is relatively low, for example, the auxiliary machine load torque applied to the
crankshaft 28 by the alternator 52 may be decreased when the output electric power of the
alternator 52 is decreased. The degree of the charging request may be determined to be
low in a case where there is a downhill at a point within a specified distance on a vehicle
traveling route by, for example, using an output signal from a navigation system.

[0063] A countermeasure against an increase in the load torque TrqL is not
limited to the processing for raising the predetermined speed NEth. In a case where the
ECU 70 makes a positive determination in Step S14 in FIG 3, for example, processing
(change processing) for changing the target air-fuel ratio into an air-fuel ratio allowing the
output to increase or for changing the valve timings of the intake valve 18 and the exhaust
valve 30 into timings allowing the torque to increase may be performed in addition to the
processing of Step S16. In other words, the change processing described above may be
executed in addition to the processing for raising the predetermined speed NEth when what
is obtained by subtracting the load torque TrqL from the maximum torque TrqMAX is
decreased by the control performed by the idle control processing unit. When a retard
operation is performed on the ignition timing so that the rotation speed NE is maintained at
the target speed NE* in this case, the difference (reserve torque) between the maximum
torque that can be realized by advancing the ignition timing and the current torque can be
increased. Eventually, it is possible to inhibit the rotation speed NE from becoming equal

to or less than the predetermined speed NEth.
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[0064] Regarding the target speed, the target speed NE* is changed when the
compressor 42 is driven or stopped in the embodiments described above. However, the
invention is not limited thereto. For example, the target speed NE* may have a common
value when the compressor 42 is driven and stopped. As another example, the target
speed NE* may have two types of values with a switching condition not related to the
presence or absence of the driving of the compressor 42. In addition, the target speed
NE* may be changeable into three or more values.

[0065] Regarding the idle control processing unit, the required torque Trq* may
be the shaft torque and the actuator may be operated in accordance therewith. Even in
this case, control similar to that in the embodiment described above is carried out when, for
example, the operation amount calculating unit M26 operates the actuator based on the
required torque Trq* so that the actual shaft torque becomes the required torque Trq*.
This can be realized by, for example, the operation amount calculating unit M26 operating
the actuator based on the coolant temperature THW and the oil temperature THA in
addition to the required torque Trq*.

[0066] In the embodiments described above, valve characteristics such as the
valve timing are single characteristics set during the idle operation. However, the
invention is not limited thereto. In a case where the required torque Trq* is increased, for
example, control for changing the valve timing during the idle operation may be adopted.
In this case, the maximum value of the torque of the internal combustion engine 10
pertaining to a case where various valve timings available are set may be the maximum
torque TrqMAX.

[0067] In the embodiments described above, the target air-fuel ratio is fixed to the
theoretical air-fuel ratio during the idle operation. However, the invention is not limited
thereto. In a case where the required torque Trq* is increased, for example, control for
changing the target air-fuel ratio into an air-fuel ratio (such as an output air-fuel ratio at
which the torque is maximized) other than the theoretical air-fuel ratio during the idle
operation may be adopted. In this case, thé maximum value of the torque of the internal

combustion engine 10 pertaining to a case where various target air-fuel ratios are set may
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be the maximum torque TrgMAX.

[0068] The torque base value Trgb* may be calculated only from the open loop
operation amount calculating unit M12 without the closed loop operation amount
calculating unit M14. Also, the torque base value Trqgb* may be calculated only from the
closed loop operation amount calculating unit M14 without the open loop operation
amount calculating unit M12.

[0069] The actuator of the internal combustion engine 10 does not necessarily
have to be operated based on the required torque Trq*. For example, the operation
amount output by the closed loop operation amount calculating unit M14 may be the
operation amount of the actuator of the internal combustion engine 10. In this case, the
maximum output for the idle operation tends to be designed to prevent the engine stall
even in the case of the overshoot or the undershoot attributable to the closed loop control.
In a case where the margin of the maximum output pertaining to this case is decreased,
however, the maximum value of the shaft torque that can be realized in the internal

combustion engine 10 may have no room against the auxiliary machine load torque applied

.to the crankshaft 28 by the auxiliary machine during the control for reaching the target

speed NE*, In this case, it is effective to change the predetermined speed NEth in the
manner described with regard to the embodiment described above.

[0070] The internal combustion engine is not limited to a port injection- and spark
ignition-type internal combustion engine. For example, the internal combustion engine
may be an in-cylinder injection- and spark ignition-type internal combustion engine.
Also, the internal combustion engine is not limited to the spark ignition-type internal
combustion engine and examples thereof may include a compression ignition-type internal
combustion engine such as a diesel engine. In this case, the operation amount for the
control for reaching the target speed NE* may be an injection amount or an injection
timing. In addition, the internal combustion engine may have a supercharger mounted
thereon. In this case, the maximum value of the shaft torque that can be realized during
the idle operation is likely to have no room, and thus the utility value of the processing for

allowing the predetermined speed NEth to vary in the manner described with regard to the
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embodiment described above is especially high.

[0071] The compressor 42 is not limited to a variable capacity-type compressor.
Even when variable capacity control is unavailable, the load of the compressor 42 can
become zero when the rotation speed NE becomes equal to or greater than the
predetermined speed NEth insofar as there is provided a clutch that mechanically connects
or disconnects the rotating shaft of the compressor 42 to or from the crankshaft 28.

Accordingly, effects similar to those of the embodiment described above can be achieved.
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CLAIMS:

1. A control device for an internal combustion engine applied to a vehicle, the control
device comprising:

at least one electronic control unit configured to

i) execute idle control for controlling a rotation speed of a crankshaft of the internal
combustion engine to reach a target speed for an idle operation,

i) decrease a first torque when the rotation speed of the internal combustion engine
becomes equal to or less than a predetermined speed during the execution of the idle
control, the first torque being a torque applied to the crankshaft of the internal combustion
engine by a predetermined auxiliary machine mounted on the vehicle,

iii) during the execution of the idle control,

a) acquire a second torque, the second torque being a maximum torque that the
internal combustion engine is capable of generating,

b) acquire a third torque, the third torque being a load torque related to the
internal combustion engine including the first torque, and

¢) acquire a fourth torque, the fourth torque being a maximum value of a shaft
torque capable of being realized in the internal combustion engine, and

iv) when the idle control is executed based on the second torque and the third torque,
set the predetermined speed to be greater when a torque difference is equal to or less than a
predetermined value compared to when the torque difference exceeds the predetermined
value, the torque difference being a value obtained by subtracting the first torque from the

fourth torque.

2. The control device according to claim 1,
wherein the electronic control unit is configured to variably set the second torque in
accordance with at least one of a temperature of outside air and a pressure of the outside

air.
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3. The control device according to claim 1 or 2,
wherein the predetermined auxiliary machine is a compressor for an air-conditioning

device mounted on the vehicle.

4. The control device according to any one of claims 1 to 3,

wherein the electronic control unit is configured to

i) set the predetermined speed to a first value when the torque difference exceeds the
predetermined value, and

ii) set the predetermined speed to a second value larger. than the first value when the

torque difference does not exceed the predetermined value.

5. The control device according to any one of claims 1 to 3,
wherein the electronic control unit is configured to set the predetermined speed to a

value increasing in two or more steps or continuously as the torque difference decreases.
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