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FIG.2

device for an internal combustion engine, executes feedback control for con-

trolling the torque of an internal combustion engine (10) so as to coincide

the rate of decrease (ANE) in engine rotational speed with a target rate of de-

crease in the engine rotational speed (ANEtrg). The electronic control unit
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engine rotational speed at a constant rotational speed, and increases a feed-
back gain (G) in the feedback control as the calculated required torque in-
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CONTROL DEVICE AND CONTROL METHOD FOR INTERNAL COMBUSTION

ENGINE

BACKGROUND OF THE IﬁVENTION
1. Field of the Invention ‘

[0001]‘ The invention relates to a control device and control method for_ an
internal combustion engine, which execuge feedback control such that the rate of decrease
in engine rotational speed coincides with a target rate of decrease.

2; Description of Related Art

[0002] There is known control over an internal combustion engine, in which,
when accelerator operation is released, fecdback control that executes feedback control
over thé \rate of decrease in éngine rotational speed so as to coincide with a target rate of .
decrease to thereby stabilize the behavior of a variation in engine rotational speed at the
time when the engine rotational speed decreases with the release of accelerator operation.

[0003] In order to appropriately execute feedback coﬁtrol over the rate of
decrease in engine rotational speed so as to coincide with the target rate of decrease, it is
necessary to appropriately control the torque of the internal combustioh engine on the
- basis of a deviation from thé target rate of decrease. For this purpos"e, a feedback gain
needs fo be set at an appropriate value. |

[0004] In contrast to this, Japanese Patent Application Publication” No.
2000-073801 (JP 2000-073801 A) describes a control device for an internal combustion
engine. When the engine rotational speed is likely to decrease, the cbntrol device
increases the feedback gain as compared with when the engine’ rotational speed is not
likely to decrease 1o thereby suppress a decrease ip engine rota_tidnal speed.

[0005] The invéntion described in JP 2000-073801 A is toiexecute feedback
cdntrol s as to coincide the engine rotational speéd itself with a target engine rotational
speed. <_Such a configuration that the feedback gain is increased when the engine

rotational speed is likely to decrease as compared with when the engine rotational speed
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is not likely to decrease may be applied to feedback control.

[0006] Incidentally, the rate of decrease iﬁ engine rotational speed varies with an .
external load that acts on the output shaft of the internal combustion engine, so, even
when the above configuration described in JP 2000-073801 A is applied to feedback
cbntrol, an appropriate feedback'gain cannot be set when an external load varies. Thus,
it may be difficult to abpropriately suppress a déviation of the rate of decrease.

[0007]  Note that such a problem not. only exists in feedback control during a
- period from when accelerator operation is released to when the engine rotational si)eed
reaches an idle rotational speed but also it commonly exists in overall feedback control
that executes feedback controi over the torque of the internal combustion engine so as to
coincide the rate of decrease in engine rotational speed with a tafget' rate of decrease in

the engine rotational speed.

SUMMARY OF THE INVENTION

[0008] The invention provides a control device and control methbd for an‘
internal combustion engine, which are able to appropriately éxecute feedback control
over the rate of decrease in éngine rotational speed evyen when an external load varies.

[0b09] A first aspect of the invention relates to a control device for "an internal
combus.tion. engine, which includeé a control unit that executes feédback control for
cdntrolling a torque of the iﬁternal combustion ‘engine S0 as to coincide a réte of decrease
in an engine rotational speed with a target rate of decrease in the engine rotational speed.
' The control unit calculates a required torque that is a torque required to keep the engihe
rotational speed at a constant rotational speed. The control unit increases a feedback
gain in the feedback control as the calculated required torque increases.

[0010] The required torque is a forque require to compensate for a torque
consumed by an internal load due to a friction load inlside the internal combustion engine
and an external load that,acfs on the internal combustion engine from an outside of the
internal combustion engine to thereby keep the engine rotational speed at a constant

rotational speed. Therefore, when the required torque is large, it is estimated that the
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torque consumed by the internal load and the external load is large, the engine rotatiohal
speed tends to decrease, and it is estimated that the rate of decrease in the engine
rotational speed in the case of insufficient torque also increases.

[0011] In" contrast to this, with th_e above described configuration, as the
required torque increases, the feedback gain in the feedback control is increased.
Therefore, when the torque consumed by the internal load and the external load is large
and the rate of decrease in the engine rotational speed in the case of insufficient tvorque‘is
high, the sensitivity of an increase or decrease in tvorqué cofrected 'throﬁgh feedback
control is further increased. Thus, even when the external load varies, it is possible tb
set the appropriate feedback gain by which a variation in the rate of decrease in the
‘engine rotational speed due to the variation of the external load may be suppressed.

| [0012]  That is, according to the above éspect, even. when thebexternal load
varies, the rz;te of decrease in the engine rotational speed may be appropriately subjected
to feedback control.
>[0013] In the above aspect, the control unit may set a target rotational speed, at
| which thé engine rotational speed is kept at constant, as the engine rotational speed that is
écquired in order to caiculate the required torque. In addition, .the control unit may
calculate the required torque on the basis of the set target rotational speed, an engine
temperature, and an opera‘ting state of an auxiliary that is driven using an output of the
internal combustion engine. |

[0014] The viscosity of lubricating oil increases as the engine temperature
decreasc;s, so the internal load due to the friction load inside the internal combustion
engine increases asb the engine temperature décreases. Furthermore, as the engine
 rotational speed increases, the amounts of slide at the sliding portions of the‘componen’ts
of the engine increase, so the amount of torque consumed by the infernal load per unit
time increases as the engine rotational speed increases. |

[0015] In addition, the external load that acts on the internal combustion engine
varies on the basis of th_e operating state'slof the auxiliaries driven uéing the output.of the

~internal combustion engine. Specifically, the external load that acts on the internal
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combustion engine increases as the number of opérated auxiliaries increases and as the
driving amount of each 0p¢r'ated auxiliary increases. |

[0016]  Therefore, by a.cquiri.ng the set rotational speed, the engine temperature
and the operating state of the auxiliary that is driven using an output of the internal
‘combustion engine, it is possible to calculate the required torque that is a torque required
to keep the engine rotational speed at the constant rotational speed. |

[0017]  That is, the engine rotational spef;d ’acquired. at the time of calculating‘the
_required'tbrque may be selectively set. In the above aspect, a torque required to keep
the engine rotational speed at an idle rotational speed maybbe calculated as the required
torque.

[0018] In the above aspect, calculation of the required torque may be executed
in parallel with the feedback control. | '

. [0019] In the above aspect; the feedback control may be integral feedback that
integrates an update amount of rate of 'decreas¢ calculated on the basis of é deviation
between the target rate of decrease and an actual rate of decrease and the feedback gain to
thereby calculate a torque correction amount.

[0020] In the above aspect, the control unit may control the torque correction
amountls'uch that the torque correction amount does not exceed a predetermined upper
limit and a predetermined lower limit. |

[0021] " In the above aspect, when the torqué correction amount is largér than the
predetermined upper liniit, the control unit may set the predetermined upper limit as the
torque cbrrection amount. When the torque correction amount is smaller than the
predetermined lower limit, the control unit may set the predetermined lower limit as the |
torque correction amount. |

[0022] In the above aspect, thevcontrol unit may execute the fcedback cbntrol
from when accelerator operation is released to when the engine rotational speed decreases
to an idle rotational speed.

[0023] A second aspect of the ihvention relates to a control method for an

internal combustion engine, which executes feedback control for controlling a torque of
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the internal combustion engine so as to coincide a rate of decrease in an engine rotational
speed with a target rate of decrease in the engine rotational speed The control method
includes: calculatmg a required torque that is a torque requ1red to keep the engine
rotanonal speed at a constant rotational speed; and increasing a feedback gain in the
feedback control as the calculated requlred torque increases.

[0024] = With the above cdnfiguration it is possible to stabilize the behavior ef a
variation in.the engine rotational speed resulting from the release of accelerator operatlon

by the time when the engme rotational speed reaches the idle rotational speed.

BRIEF DESCRIPTION OF THE DRAWINGS
d. [0025] Features, advantages, .and technical and industrial significance of
exemplary .embodiments of the invention will be described below with reference to the.
accompanying drawingé, in wljli‘ch like numefals denote like elements, and wherein:

FIG. 1 is a schematic view that shows the relationship between an electronic control
unit according to an embodiment of the invention and an internai combustion engine that
is an object controlled by the electronic control unii;

FIG. 2 is a flow chart that shows the flow of a series of processes in feedback
control; and -

FIG. 3 is a flow chart that shows the flow of a series of processes for setting a

feedback gain.

DETAILED DESCRIPTION OF EMBODIMENTS
[0026] Hereinafter, an embodiment in wh.ich a control device for an internal
combdstion engine according to the aspect of the invention is applied to an electronic
- control unit 100 that comprehensively controls an internal combustion engine 10
‘mounted on a vehicle will be deseribed wi.th reference to FIG. 1 to FIG. 3.
[0027]l As shown in FIG. 1, a' piston 12 is slidably accommodated in a
corresponding one of the cylinders 11 of the internai combustion engine 10. A

crankshaft 14 is coupled to each piston 12 via a connecting rod 13. The crankshaft 14 is
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the output shaft of the internal combustion engine 10.

| [0028]  The pistons 12 are respectively accommodated in the. corresponding
cylinders 11 in this wéy to thereby define combustion chambers 16 by the inner
peripheral surfaces of the cylinders 11, the top surfaces of the pistons 12 and the bottom
surface of the cylinder head 15. Note that ihe internal combustion éhgine 10 is a
multi-cylinder internal combustion engine having the plurality of cylinders 11; however,
only one of the-plurality of cylinders 11 is shown in FIG. 1.

[0029] Ignitioh plug;s 20 are installed on the cylinder head 15 at positions facing
the pistons 12 accommodated in the respective cylinders 11. Then, an intake passage 30
and an exhaust passage 40 are ‘connected to each‘ of the combustion chambers 16
respectively defined in the cylinders 11.  In addition, as shown in FIG. 1, an injéctor 1»9
that injécts fuel tow_ard the corrésponding combustion chamber 16 is provided in the

intake passage 30 one by one for each cylinder 11.

| [0030] As shdwn in FIG. 1, intake valves 17 and exhaustlvalv'es 18 are provided
on the cylinder head 15. Each of the intake valves 17 opens or closes so as to provide or
inter‘rupt‘ﬂuid communication between the intake passage 30 and the corresponding
combustion chamber 16. Each of the exhaust valves 18 opens or cioses so as to provide
or interrupt fluid commt_mication between the exhaust passage 40 and thé corresponding
' éombustion chamber 16. Note that the intake valves 17 are opened or closed by an
intake camshaft coupled to the crankshaft 14 via a timing chain (not shown) and the
exhaust valves 18 are opened or closed by an exhaust camshaft coupled to the crankshaft
14 via the timing chain.

[0031] As is shown at the left side in FIG. 1, aﬁ air cleaner 31 is provided at the
most upstream portion of the intake passage 30. A filter 32 is provided inside the air
cleaner 31. The filter 32 traps dust and dirt contained in intaké air. By so doing, air
from which dust and dirt are removed through the air cleaner 31 is introduced into fhe
combustion chambers 16 of the internal combustion engine 10 via the intake p;i_ssage 30.

:[0032] A surge tank 33 is provided at a portion downstream of the air cleaner 31

in the intake passage 30. As shown in FIG. 1, the flow passage cross-sectional area of a
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portion at the surge tank 33 is larger than that of the other portion of the intake passage 30.

By so doing, air introduced through the air cleaner 31 passes through the surge tank 33 to
thereby equalize pulsation of ait that passes through the intake passage 30.

| [0033] In additiori, as shown in FIG. 1, a throttle valve 35, is provided at a
portion downstream of the air cleaner 31 and upstream' of the surge tank 33 in the intake -
passage 30. The thréttle valve 35 is driven by a motor 34, and the opening degree of the
throttle valve 35, which is a throttle opening degreel Th, is controlled.

[0034] Control over the opening degree of the throttle 'valve 35, fuel injection
amount control for controlling the valve open duration Tf of each injector 19 and torque ‘
control executed through, for example, ignition timing control using the ignition-plugs 20
are executed by the electronic control unit 100 that compréhensivély controls the internal
combustion ehgine 10.

~ [0035] The electronic control unit 100 includes a central processing unit (CPU),
a read only memory (ROM), a random access memory (RAM),,and the like. The CPU
executes»various.processes in 'order to execute various controls regarding the torque
control. The ROM stores computation programs, Cdmputation méps and various data. -
.The RAM temporarily stores the resulté of computations, and the like.

[0036] Various sensors are connected to the electrohic control unit 100.
.Various sensors include an acceleratbr position sensor 50, an air flow meter 51, a crank
_ bosition sensor 52, a throttle position sensor 53, a coolanf temperature sensor 54, a cam
position sensér 55, and the like. The accelerator position sensor 50 detects an
accelerator operation amount ACCP that indicates an amount by which an accelerator |
pedal is depressed by a driver. The air flow meter 51 detects the temperature Ta of éir
introduced into the intake passage 30 through the air cleanér ?;1 and an intake air mass
GA that is the mass of the introduced air. The crank pbsition sensor 52 detects the
rotation angle of the crankshaft 14 per unit time. The throttle position sensor 53 detects
a throttle openihg degree Th that is the opening degree of the throttle valve 35. The
coolant temperature sensor 54 detects an engine coolant temperature. THW that is the

temperature of engine coolant. The cam position sensor 55 detects the rotation angle of
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the intake camshaft. - Then, the electronic control unit 100 éalculates an engine
rotational speed NE that indicates the rotational speed of the crankshaft 14 per unit time
on thé basis of the detected rotation angle of the‘cranksfxaft 14.

[0037] | The electronic control unit 100 loads detected signals from these various
sensors 50 to 55, and executes various controls associated with torque control. For
example, the electronic control unit 100.calculates a fequired torque on the basis of the
accelerator operation. amount ACCP to change the throttle opening degree Th and
controls the fuel injection amount and the ignition timing in the internal combustioh
engine 10 on the basis of the intake air mass GA d_etected‘ by the air flow meter 51 to
" thereby generate torque appropriate to the required torque.

{0038] .In additioh, the electronic control unit 100 exécutes feedback control for
controlling the torque of the internal combustion engine 10 so as to coincide the rate of
decrease in the engine rotational speed NE from when depression of the éccelerator pedal
by the driver is released to when the engine rotational Speed NE reaches an idle rotational
speed with a target rate of decrease in the engine rotational speed. Note that, in this
embodiment, a variation ANE that is a variatjon in the en.gine rotational speed NE per
unit time is controlled so as to coincide with a target ’variation ANEtrg to thereby execute
feedback control.

[0039]  In this feedback control, the torque of the internal combustion engine 10
is increased or reduced on the baéis of the operating states of auxiliaries, such as an air
conditioner unit 200 and an alternator 300, that are driven ﬁsing the driving force of the
intemai combustion engine 10. By so doing, the torque of the internal combustion .
engine 10 is controlled so as to suppress fluctuations in the variation ANE due to
fluctuations in external load resulting from a variation in the operating states of the"
Aaluxiliaries and to coincide the variation A.NEi with the target variation ANEtrg.

[0040] In order to ‘execute such feedback Econtrol, various | aux‘iliariesb are
connected to the electronic control unit 100 in addition to the various sensors 50 to 55 so
as to be‘ able to acquire the operating States of the various aﬁxiliaries. For example, as

indicated by the broken line in FIG. 1, the air conditioner unit 200 céupled to the
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crankshaft 14 is connected to the electronic control unit IOO,van'd a signal that indicates
whether the air conditioner unit 200 is operating is inpnt to the electronic control unit
100, |

[0041] Note that the air conditioner unit 200 is configured to reduce th‘e external
load that acts on the internal combustion engine 10 by releasing a clutch arranged
between a compressor and the erankehaft 14 when tne air conditioner unit 200 is not
operating. - Then, in the electronic control unit 100 according to the present embodiment,
the external load that acts on the internal combustion engine 10 is estimated on the basis
of whether the air conditioner unit 200 is operating. That is, when the air conditioner
unit 200 is operating, ‘the electronic control unit 100 estimafes that at least the external
load corresponding to the driving load of the air conditioner unit 200 acts on the internal
combustion engfne 10; whereas, when the air cond_itioner unit 200 is not operating, the
- electronic -control unit 100 estimates that the external load corresponding to the driving
load of the air ¢conditioner unit 200 does not act on the internal combustion engine 10.

[0042] In addition, as indicated by the broken line in FIG. 1, the alternator 300
coupled to the crankshaft 14 is connected to the electronic control unit 100. The
electronic control unit 100 adjusts the magnitude of field current supplied to the
alternator 300 to thereby control the amount of electric power generated By the alternator
300. Therefore, large field current is supplied to the alternator 300, and, as the aannt
- of electric power generated increases, the external load that acts on the internal
combustion engine 10 increases. Then, the electronic control unit 100 estimates vthe
external load due to the alternator 300 on the baéis of the magnitude of field current
supplied to the alternator 300. Specifically, the electronic control unit 100 estimates that
the external load corresponding to the driving load of tne alternator 300 increases as the -
field current increases.

[0043] ~ In feedback control, the electronic control unit 100 corrects a basic
torque set in order to achieve the target variation ANEtrg using a torque correction
amount T that is calculated on the basis of the deviation D between an actual variation

"ANE and a tafget variation ANEtrg. By so doing, the electronic control unit 100
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confrols the torque of the internal combustion engine 10 so as to coincide the variation
ANE with the target variation ANEtrg and to coincide the rate of decrease in the engine
. rotational épeed NE with the target rate of decrease in the engine rotational speed. Note
_that the torque is varied by adjusting the throttle opeﬁing degree Th, adjusting the fuel
injection amount, adjusting the ignition timing, or the like.

[0044] Hereinafter, the details of feedback control acéording to the present
embodiment will be described with reference >t0 FIG. 2 and FIG. 3. Initially, feedback
control will be described with refefence to FIG. 2 that shows the flow of a series of
'processes according to the feedback control. The routine shown in FIG. 2 is repeatedly
executed at predetermined control intervals by the velectronic control unit 100 when
depreSsion of the accelerator pédal is released during engine operatio-n.

‘[0045] - As tﬁe electronic control unit 100 starts the routine, the electronié'control .
unit 100 initially calculates the deviation D ‘between the tlarget'variati_on ANEtrg‘andl the
actual Vafiafion ANE of the engine rotational speed NE in step S100 as shown in FIG. 2.
Note that, here, the iarget variation ANEtrg is subtracted from the variation ANE, and‘the
absolute value of that difference is set as the deviation D. Then, the process proceedé td

’ stép S110, and a feédback gain G set throﬁgh the processes shown in FIG. 3 is loaded.
Note that a series of processes for setting the feedback gain G will be described later with
reference to FIG. 3. |

[0046]  As the feedback gain. G is loaded, the électronic control unit 100

calculates an update amount AT for the torque correction amount T on the basis of the
| deviation D and the feedback gain G in step S120. Specifically, the electronic control
unit 100 multiplies the deviation D by the feedback gain G, and sets the product as the
update amount AT.

[0047] As the update amount AT is thus calculated, the electronic control unit‘

100 updates the tdrque correction amoun‘t T in step S130. Specifically, the eléCtronic
control unit 100 adds the update amount AT to ihe torque correction amount T used in
ordef to correct the torque in fhe last control interval to thereby update the torque

correction amount T. Then, in step S140, the electronic control unit 100 determines
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* whether the updated torqﬁe correction amount T is smaller than or equal to an upper limit

value.

[0048]  When it is determined in step S140 that the torque correction amount T is
smaller than or equal to the upper limit value (YES in step.5140), the process proceeds to
step SlSO, and the electronic control unit 100 determines whether the torque correction
amount T is larger than or equal to'a lower limit value.

[0049] When it is determined in step S150 that the torque correction amount T is
larger than or equal to the lower limit value (YES in step S150), the proéess proceéds to |
step S160, and the electronic control unit 100 corrects the torque using the torque
correction amount T updated in step S130. Specifically, the electronic control unit 100
adds the torque correction amount T to a basic torque to'calcul\ate a target torque, and
controls the torque so as to obtain the target t0£que to thereby correct the torque.

[0050] On the other hand, when it is determined in step S140 that the torque
‘correction amount T is larger than an upper limit value (NO in step 140), the process
proceeds to step S145, and the electronié control unit 100 sets the upper limit value as a
new torque correction amount T. That is, the electronic control unit 100 sets the torque
correction amount T at a value equal to the upper limit value. In this way, as the
electronic control unit 100 sets the torque correction amount T at a value equal to the
upper limit value; the process proceeds to step S160, and the electronic control unit 100
corrects the torque using thé torque correction amount T.

[0051] In addition, when it ié determined in step S150 that the torque correction
amount T is smaller than a lower limit value (NO in step S150), the process proceeds to
step S155, aﬁd the electronic control unit 100 sets the lower limit value as a new torque
correction amount T. ' That is, the electronic control unit 100 sets the torque correction
amount T at a value equal to the lower limit value. As the electronic control .unit 100
sets the torque correction amount T at a value equal to the lower limit value, the process
prqceéds to step S160, and the electronic control unit 100 corrects the‘ torque using the

| torque correction amount T. |

[0052] That is, the feedback control according to the 'present embodiment



WO 2012/143773 PCT/IB2012/000751

12

provides an upper limit and a lower limit for the torque correction amount T to control the
torque correction amount such that the torque correction amount T does not becorﬁe a
value larger than the upper limit value or a value smaller than the lower limit value.

[0053] Note that the feedback control according to the present embodiment sets
the lower limit value at "0". That is, in the feedback control according to the present
: embodinﬁent, the torque correction amount T is not set at a negative value.

[0054]  As the torque is corrected using the thus set torque correction amount T,
~ the electronic control unit 100 once ends the routine.

[0055] Next, the process of settiﬁg the feedback gain G used in the above
feedback control will 56 described with reference to FIG. 3. The rOutiﬁe shown in FIG.
3, as well as the routine associated with the above described feedback control, is
repeatedly execut-ed at predetermined control intervals by the electronic control unit 100
when. depression of the accelerator pedal is released during engine operation; The
‘rdutine shown in FIG. 3 may be executed in paralle]l with the‘routine associated with the
‘feedback control described with reference to FIG. 2.

- [0056]  As the electronic control unit 100 starts the routine, the electronic control
unit 100 initially calculates a required idle'torque_ Tid in step S200 as shown in FIG. 3.
The -required idle torque Tid is a value that indicates a torque required to keep the engine
rotationel speed NE at the idle rotational speed. "Here, the electronic confrol unit 100
calculates the required idle torque Tid in consideration of the internalvload of the internal
combustion engine 10 and the external ‘load. that acts on the internal combustion engine
10.

[0057] Spe_ciﬁeally, ‘the electfonic control unit 100 initially acquires the eﬁgine
coolant temperature THW as a value forestimating the engine temperature, and estimates
the internal load of the internal combustion engine 10, that is, a friction load‘due to
friction and the viscosity of lubricating oil. Then, the torque consumed by the internal.
load is estimated on the basis of the friction load an_d the engine rotational speed NE. In
addition, the electronic control unit 100 calculates the torque required to drive .various

auxiliaries on the basis of the external load estimated on the basis of the operating states
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of the yarious au‘xil_iaries,‘ and adds the torque required to drive the auxiliaries to the
torque consumed by the internal load to thereby calculate the required idle torque Tid.

[0058] As the eiectronic-control unit 100 calculates the required idle torque Tid
in this way, the process proceeds to step S210, and the electronic control unit 100‘
determines the feedback gain G ori the basis of the calculated required idle torque Tid.
Here, the electronic control unit 100 sets the feedback gain G ét a larger value as the
required idle torqué Tid increases.

[0059]  In this way, as the electronic coﬁtrol’ unit 100 sets the feedback gain G on
the basis of the required idle torque Tid, the electronic control unit 100 once ends the
routine. |

[0060] The required idle torque Tid is a torque required to compensate for the |
torque consumed by the iﬁtcrnal load due to vthé friction load inside the internal
‘combustion engine and the external load that acts from the outside of the internall
combustion éngine 10 on the vint'ernal combustion engine 10 to thereby keep the engine
rotational speed NE at the idle rofational speed. Therefore, when the required idle
torque Tid ié large, it is estimated that the torque consumed by the internal load andrvthe
exterﬁal load is large, fhe engine rotational speed NE tends to.decrease, and it is estimated
t.hat the rate of decrease in the engine rotational speed NE in the- case of insufficient
| torque also increases.

[0061] In contrast to this, in the above embodimént, as the required idle torque
Tid increases, the feedback gain G in feedback control is increased. Therefore, when
the torque consumed by the interﬁal load and the external load is large and the rate of
“decrease in the engine rotatiéﬁal speed NE in the case of insufficient torque is high, the
sensitivity of an increase or decrease in torque corrected thrdugh feedback control is
further increased. | |

[0062] | According to the zibove described embodiment, the following
advantageous effects may be obtained. |

[0063] (1) In the above embodiment, as described above,fhe feedt;ack gain G

is increased as the required idle torque Tid increases, so, when the rate of decrease in the
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engine rotational speed NE in the case of insufficient torque increases, the sensitivity of
fe‘edback control is fﬁrther increased. Thus, even when the exter’nél load varies, it is

- possible to set the appfopriate feedback gain G by which a variation in the rate of
d‘ecrease in the engine rotational speed NE due to the variation of the exfernal load may
be suppressed. Thaf is, even when the external load varies, the rate of ‘decrease in the
engine rotational speed NE may be appropriately subjected to feedback control. |

[0064] (2) The viscosity of lubricating oil increases as the engine temperature
decreases, so the internal load due to the friction load inside the internal combustion
engine inéreases as vthe engine temperature decreases. Furthermore, as the engine
rotational speed NE increases, the amounts of slide at the sliding portions of the
compohents of the engine increase, so thev amount of torque consumed by the internal
load per unit time increases as the e}lgine rotational speed NE increases.

[0065] In addition, the externai‘ load that acts on the internal combustioh engine
10 varies on the basis of the operating states of the auxiliaries driven using the output of |
‘the internal combustion engine 10. Specifically, the external load that acts on the
internal combustion engine 10 increases as the number of operated auxiliaries increases
and as the driving amount of each operated auxiliary increases.

[0066] Therefore, as in the case of the above embodiment,bby acquiring the idle
rotational speed, the engine coola\nt tempefature THW and the operating states of the
auxiliaries driven using the output of thé internal combustion engine 10, it is possiblev to
.c'alculate the required idle torque Tid required to kéep the engine rotational speed NE at
the idle rotational speed. | o

[0067] (3) When the above described feedback control is executed, the behavior
of a variation in the engine rotational speed NE resulting from the release of accelerator
operation by the time thn the engine rotational speed NE reaches the idle rotatbionalr
speed may be stabilized.

[0068] | (4) When the air conditioner unit 200 driven using the driving force of |
the internal combustion engine 10 is operating, the external load that acts on the internal

combustion engine 10 increases by the amount of driving force required to drive the air
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conditioner unit 200. In contrast to this, in the above embodiment, the magnitude of the
external load that acts on the internal combustion engine 10 ie estimated on the basis of
whether the air conditioner unit 200 is operating. Therefore, by acquiring whether the
air conditioner unit 200 is operating, it is possible to estimate the magnitude of the
external load that acts on the internal combustion engine 10.

[0069]  (5) When a large field current is supplied to the alternator 300, the
amount of electric power generated by the alternator 300 increases iii comparison with
when a small field current is supplied, so a driving force required to drive the alternator
'300 also increases. In contrast to this, in the above embodiment, the magnitude of the
external load that acts on the internal combustion engine! 10 is estimated on the basis of
the magnitude of field current 'supplied to fhe alternator 300. - Therefore, by acquiring
the magnitude of field current supplied to the alternator 300, it is possible to estimate the
magnitude of the eXternalpload that acts on theinternal combustion engine 10.

[0070] Note that the ‘aboye described embodiment may be modified where
appfopriate or may be implemented in the foliow_ing embodiments.

[0071] In the above described embodiment, the magnitude of the external load
that acts on the internal combustion engine 10 on the bésis of whether the air conditioner
unit 200 is operating is estimated; instead, a method of estimating the magnitude of vthe-
external load that acts on the internal combustion eng’ine 10 may be modified where
appropriate. |

[0072] For example, in the case of a control device for an internal combustion
‘ engine mounted on a vehicle equipped with an air ,coriditioner unit having a variable
displacement compressor, the magnitude of the external lo'advmay be estimated on the
basis of the displacement of the compressor. )

| [0073] In addition, in the above described embodiment, the ma_gnitude of the
external load caused by the alternator 300 is estimated on the basis of the magnitude ef
- field curreiit supplied to the alternator 300. In contrast to this, in a control device for an
internal combustion engine mounted on a yehicle equipped with a clutch between the

- crankshaft 14 and the alternator 300, the magnitude of the external load may be estimated



WO 2012/143773 PCT/IB2012/000751

16

on the basis of the engagement state of the clutch.

| [0074]  That is, in a vehicle that is equipped Jwith a clutch and that engages or
disengages the crankéhaft 14 to or from the alternator 300, the magnitude of the external
load that acts‘ on the internal .‘comb'ustion engine 10 varies on the basis of the engagement
~ state of the clutch. 'Therefor_e, jt is applicable that the engagement state of the clutch is
monitored, and then the magnitude of the external load is estimated on the basis of the
engagement state of the clutch.

[0075] In addition, as the érﬁount of electric power generated by the alternator
300 increases, the driving load of the alternator 300 increéses. Therefore, it is also
applicéble that the amount of electric power generated by the alternator 300 is monitored
- and then the external load is estimated on the basis of the amount of electric power
generated by the alternator 300.

[0076] Furthermore, when the arﬁount of electric power generated by the
alternator 300 is controlled on the basis of the magnitude of power consumption, the
magnitude of power consumption may be monitored to estimate the external load on the
basis of the magnitude of power conspmption. |

[0077] | Note that the magnitude of power consumption varies on the basis of
whether the light of a vehicle is lit up, whether.an audid is used, or the like, so the
magnitude of the external load may be estimated on the basis of whether the light of the
vehicle is lit up, whether the audio is used, or the like.

[0078]  The required idle torque Tid that is the torqué required to keep the idle
~ rotational speed is calculated as a required torque used as an-index fhat indicates the rate
of decrease in the engine rotational speed NE in the case of insufficient torque, and the
feedback gain G is set oh the basis of the required_idlé torque Tid. In contrast to this,
when the torque required to keep the engine rotational speed NE at a constant rotational
speed is calculated as a required tdrque, the rate of decrease in the engine rotational speed
NE in the case of insufficient torque may be estirha_ted on the basis of the required torque.
Therefore, the required torque acquired at the time of calculating the feedback gain G is

not limited to the required idle torque Tid. That is, the engine rotational speed NE
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acquired at the time of calculating the required torque may be selectively set. For
example, it is applicable that the torque required td keep the engine rotational speed NE
at 3000 rpm (revolutions per minute) higher than the idle rotational speed is calculated
and the feedback gain G is set on the‘bas,-is of the r¢quired torque.

[0079] In the above embodirﬁent, feedback control is exeéuted from when
accelerator operation is. released‘\to when the engine rotational speed NE reaches the idle
rotational speed; however, feedback control according to the aspect of the invention is not
limited to such control that is executed when accelerator operation is not performed.
That is, the aspect of the invention may be applied to feedback confrol for executing
feedback control dver the rate of decrease in the engine rotational speed NE when the
accelerator operation amount ACCP is reduced.

[0080]  1In the above described embodiment, the aspect of the invention is
illustrated as the electronic control unit 100 that controls the intefnal combustion engiﬁe
10 equipped with the throttle valve 35 and that adjusts the intake air mass GA by varying
the throttle opening degree Th; however, the configuration for adjusting the intake air
mass GA may be modified; where appropriate. For example, it is applicable that a
bypass passage that bypasses the throttle valve 35 provided in the intake passage 30 is
provided and an idle speed control valve that is used to adjust theintake‘air mass GA is
provided in the bypass passage. Then, the aspect of the invention may be applied to an
internal combustion engine that variés the opening degree of the idle speed control valve -
to thereby increase or reduce the intake air mass GA while accelerafor operation is
released. With the above configuration, even when the throtﬂe valve 35 is cldsed, the
opening degree of the idle speed control valve is variéd to thereby make it posSible to

adjust the intake air mass GA.

[0081] In addition, other than the above, the aspect of the invention may be, for
example, applied'to an internal combustion engine in which a mechanism for changing
the lift and duration of each intake valve 17 is provided to adjust the intake air mass GA
and the lift and duration of each intake valve 17 is changed to thereby adjust the intake

air mass GA.
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[0082]  The engine temperature is estimated. on the basis of the engine coolant
temperafure THW; instead, a method of detecting the engine tcmpérature may be
modified where appropriate. ‘For example, it is applicable that the engine temperature is
estimated on the basis of the temperature of lubricating oil ins.te‘ad of the engine coolant
temperature THW or a sensor that directly detecté the engine temperature is provided.
In addition, it is also applicable that the engine temperaturle is estimated on the basis of
the accumulated value of the intaké air mass GA, or the like, which correlates with the |

combustion heat in the internal combustion engine 10.
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CLAIMS:

1. A control device for an internal combustion engine, w_hiich includes a control
unit (100) that executes feedback control for controlling a torque of the internal
combustion engine so as to coincide a rate of decrease in an engine rotat10nal speed with
a target rate of decrease in the engine rotatlonal speed, characterlzed in that:

the control unit (100) calculates a required torque that is a torque requ1red to keep
the engine rotational speed at a constant rotat1onal speed, and

the control unit (100) increases a feedback gain in the feedback control as the

calculated required torque increases.

2. The control device according to claim 1, wherein:

the control unit (100) sets a target rotational speed, at which the enginevrotational
speed is kept at constant, as the engine rotational speed that is acquired in order to
calculate the requlred torque; and i
the control unit (100) calculates the requlred torque on the basis of the set target

rotational speed, an engine temperature, and an operating state of an auxiliary (200) that

is driven using an output of the internal combustion engine.

3., The control device according to claim 1 or 2, wherein a torque required to keep

the engine rotational speed at an idle rotational speed is calculated as the required torque.

4. The control device according to claim 3, wherein calculation of the required’

torque is executed in paralle]l with the feedback control.

5. The control device according to any one of claims 1 to 4, wherein the feedback
control is integral feedback that integrates an update amount of rate of decrease
calculated on the basis of a deviation between the target rate of decrease and an actual

rate of decrease and the feedback gain to thereby calculate a torque correction amount.
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6. The control device according to claim 5, wherein the control unit (100) controls
the torque correction amount such that the torque correction amount does not exceed a

‘ predétermined upper limit and a predetermined lower limit.

7. The control device according to claim 6, wherein:
when the torque correction amount is larger than the predetermined upper limit, the
control unit (100) sets the predétermined upper limit as the torque correction amount; and
when the torque correction amount is smaller than the prede'termined lower limit,
" the control unit (100) sets the predetermined lower limit as the torque correction amount.

_ ]
8. The control device according to any one of claims 1 to 7, wherein the control
 unit (100) executes the feedback control from when accelerator operation is released to

when the engine rotational speed decreases to an idle rotational speed.

9. A contrél device for an internal combustion engine, comprising:

a control unit that executes feedback control for controlling a torque of the internal
combustion engine so as to coincide a rate of decrease in an engine rotational speed with
a target réfe of decrease in the engine rotational speed, Wherein

the control unit calculates a required torque that is é térque required to keep the
engine rotational speed at a constant rotational speed, and

the control unit increases a feedback gain in the feedback control as the célculated

required torque increases.

10. A control method for an internal combustion engine, Whicvh executes feedback
control for controlling a torque of the internal combustion engine so as to coincide a rate -
of decrease in an engine rotational speed with a target rate of decréase in the engine
rotationél épeed, characterized by comprising: |

calculating a required torque that is a torque required to keep the engine rotational
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speed at a constant rotational speed; and
increasing a feedback gain in the feedback control as the calculated required torque

increases.
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