wo 2014/091286 A1 [N I N0F V00O O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

19 June 2014 (19.06.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/091286 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

31

International Patent Classification:

F02D 11/10 (2006.01) F02D 41/30 (2006.01)
F02D 41/10 (2006.01) F02D 23/00 (2006.01)
F02D 41/14 (2006.01)

International Application Number:
PCT/IB2013/002700

International Filing Date:

6 December 2013 (06.12.2013)
Filing Language: English
Publication Language: English
Priority Data:
2012-270232 11 December 2012 (11.12.2012) JP
Applicant (for all designated States except US):

TOYOTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

Inventors; and

Applicants (for US only): TAKASAKI, Asuka [JP/JP];
c¢/o TOYOTA JIDOSHA KABUSHIKI KAISHA, of 1,
Toyota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).
MASHIKI, Kei [JP/JP]; c/o TOYOTA JIDOSHA KA-
BUSHIKI KAISHA, of 1, Toyota-cho, Toyota-shi, Aichi-
ken 471-8571 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: DRIVING FORCE CONTROL DEVICE AND DRIVING FORCE CONTROL METHOD

(57) Abstract: A driving force control device includes a controller. The con-

FIG. 5

START

ISVERICLE BEING \NO
ACCELERATED?

YES

ST101

ST102 COMPUTE FOR DETERMINING
STAGNATION OF DRIVING FORCE

NO

ST103 ~’<PREDETERMINED EXTENT OR
LARGER OF STAGNATION?
iYES

ST104 —-] COMPUTE FOR DETERMINATI’\?N

OF LIKELIHOOD OF FOLLOWING
REQUIRED DRIVING FORCE

I}
ST105 UNLIKELY TO FOLLOW NO
v< RE

QUIRED DRIVING FORCE?
ST106 w|

\|/YES

CORRECT REQUIRED |
DRIVING FORCE Preq
|

troller is contigured to increase driving force of a vehicle in accordance with
a driver's operation to request acceleration. The controller is contigured to re-
strict subsequent increase of the actual driving force when it determines that
increase of actual driving force of the vehicle stagnates, relative to required
driving force determined according to at least the driver's operation to request
acceleration. The controller is configured to restrict the increase of the actual
driving force so that a rate of increase of the actual driving force is reduced as
a stagnation period for which the increase of the actual driving force stag-
nates is longer.
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DRIVING FORCE CONTROL DEVICE AND DRIVING FORCE CONTROL METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a driving force control device that controls driving

force of a vehicle, or the like, and also relates to a driving force control method.

2. Description of Related Art

[0002] It is known that in an internal combustion engine installed on a vehicle,
such as an automobile, there is a delay in response of its output or power to a driver’s
operation. In the case where the engine is equipped with a turbocharger, in particular,
even if the accelerator pedal is.depressed in an operating region in which the flow rate of
exhaust gas is small, the engine is not sufficiently supercharged until the exhaust flow rate
is increased and the rotational speed of a turbine becomes equal to or higher than a given
speed. As a result, the output of the internal combﬁstion engine, or the driving force of
the vehicle, rises with a delay of several seconds.

[0003]  If the response of the driving force to the driver’s operation to depress the
accelerator pedal is delayed, the driver may feel that tHe driving force does not follow
his/her oWn operation, and stagnates (or remains substantially constant); therefore, the
driver may get a sense of strangeness or discomfort when the driving force rapidly rises
due to subsequent increase of the boost pressure. Namely,. the driving forée rises in steps
in response to the operation to depress the accelerator pedal, whereby the response delay is
emphasized. |

[0004] In connection with the problem of the delay in response as described

‘above, a driving force control device as described in Japanese Patent Application

Publication No. 2010-24970- (JP 2010-24970 A), for example, determines whether a
stagnation period for which the driving force stagnates (i.e., remains substantially constant) .

due to a delay in response is equal to or longer than a set period, and restricts subsequent
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increase of the driving force if the stagnation period. becomes equal to or longer than the
set period, so as to alleviate the driver’s sense of strangeness- or discomfort. If the
stagnation period is less than the set period, on the‘other hand, the control device does not
restrict the driving fo’rce, SO as'to éssure high acceleration performance of the vehicle.

[0005] In JP 2010-24970 A, when the vehicle is rapidly' 'accelerated with a large
amount of operation to request acéeleration, it is assumed that the driver is less likely or
unlikely to care about a step or sudden rise in the driving force; therefore, the period of
time for determining stagnation of the driving force is set to a relatively long period, and
the driving force is less likely to be restricted. When the vehicle is slowly accelerated, on

the other hand, it is assumed that the driver is likely to get a sense of strangeness or

discomfort against a step or ‘sudden rise in the driving force; therefore, the period of time

for determining stagnation is set to a relatively short period, and the driving force is more

likely to be reétricted..

SUMMARY OF THE INVENTION

[0006] In JP 2010-24970 A, the driving force is merely controlled to be mdre
likely to be restricted or less likely to be restricted depending on the amount of the driver’s
operation to request acceleration; and the driving force is uniformly or equélly reduced
when it is restricted. Ther’efore_, the driving force may be reduced more than necessary,
and the acceleration performance and the driveability may deteriorate. To the contrary, if
the driving force is not sufficiently reduced, the driver’s sense of strangeness or discomfort
may not be sufficiently eliminated.

[0007]  The invention provides a.'driving force control device that restricts
increase of driving force by an appropriate degree, after stagnation of the driving force due
to a delay in response of a driving power source of a vehicle, or the like, so as to
sufficiently élleviate the driver’s sense of strangeness or discomfort while minimizing
deterioration of the acceleration performance of the vehicle and the driveability. The

invention also provides such a driving force control method.
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[0008] A first aspect of the invention provides a driving force control device
includes a controller configured to increase driving force of a vehicle in accordance with a
driver’s operation to request acceleration. The controller is configured to determine
whether increase of actual driving force of the vehicle stagnates, relative to required
driving force determined according to at least the driver’s operation to request acceleration,
and restrict subsequent increase of the actual driving force when .the controller determines
that the increase of the actual driving force stagnates. The controller is configured to
restrict the increase of the actual driving force so that a rate of increase of the actual
driving force is reduced as a stagnation pe‘riod for which the increase of the actual driving
force stagnates is longer.

[0009]  According to the particular matters as described above, the required
driving force is determined during traveling of the vehicle, according to the vehicle speed

and the driver’s operation to request acceleration, for example, and the driving force of the

* vehicle is increased by the driving force control device so as to follow the required driving

force. If it is determined that the increase of the actual driving force of the vehicle
stagnates to a predetermined extent or larger, due to a delay in output response of the
internal combustion. engine, such as a turbo lag, the controller restricts subsequent rapid
increase of the driving force, so- as to alleviate the driver’s sense of strangeness or
discomfort.

[0010]  In view of the fact that, as the period of time for which the driving force
stagnates or remains substantially constant is longer, the driver is more likely to get a sense
of strangeness or discomfort against subsequent increase of the driving force, the controller
sets the rate of subsequent increase of the driving force to a smaller value as the stagnation
periqd is longer, so as to sufficiently alleviate the sense of strangeness or discomfort. On
the other hand, if the stagnation period is relatively short, the driver will feel that the
acceleration conforms with the driver’s operation to request acceleration even if the driving
force rises subsequent to the stagnation, and is less likely to get a sense of strangeness or
discomfort. In this case, the controller does not reduce the rate of increase of the driving

force so much, thus assuring sufficient acceleration performance.
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[0011]  Namely, the degree of restriction of the driving force after its stagnation is
suitably controlled according to the length of the stagnation period, so that the driver’é
sense of strangeness or discomfort can be sufficiently alleviated, while minimizing
deterioration of the acceleration performance of the vehicle and the driveability.

[0012]  In the driving force control device as described above, when the controller
determines that the increase of the actual dri{/ing force stagnates, the controller may be
configured to once reduce the required driving force, and then gradually increases the
required driving force, at a rate of change which is set to a smaller value as the stagnation
period of the actual driving force is longer. Thus, the required driving force is once
reduced, so that rapid increase of the actual driving force after its stagnation can be more
reliably restricted, and the required driving force is then gradually increased, so that the
actual driving force can be smoothly increased.

[0013])  The rate of increase of the required driving force is set to a smaller value
as the stagnation period of the driving force is longer and the driver is more likely to get a
“sense of strangeness or discomfort, so that the actual driving force can be more smoothly
increased. |

[0014]  In the driving force control device as described above, the controller may
be configured to increase an amount of reduction of the required driving force as the
stagnation period of the actual driving force is longer. In this case, the required driving
force is set to a smaller value.as the driver is more likely to get a sense of strangeness or
discomfort, so that the increase of the actual driving force can be restricted with improved
reliability.

[0015]  In the driving force control device as described above, the controller may

‘be configured to restrict the increase of the actual driving force, when the controller

determines that the increase of the actual dﬁving force stagnates, and that a likelihood that
the actual driving force follows the required driving force is equal to or lower than a
predetermined level. With this arrangement, the timing of restriction of the driving force
can be appropriately determined, according to a 'stagnating condition of the driving force,

so that the driving force changes more naturally from stagnation to increase, thus
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advantageously making the driver to get a sense of smooth acceleration that conforms with
his/her operation.. |

[0016] In the driving force control device as described above, the controller may
be configured to determine that the likelihood that the actual driving force follows the
required driving force is equal to or lower than the predetermined level, when at least one
of a condition that a deviation of the actual driving force from the required driving force is
equal to or larger than a predetermined amount, a condition that a rate' of change of the
deviation is equal to or smaller than a predetermined value, and a condition that a rate of
increase of the actual driving force is equal to or smaller than a predetermined value, is
satisfied. 1In this manner, the situation where the driving force should be restricted can be
more appropriately determined. |

[0017]  In the driving force control device as described above, the controller may
be configured to determine that the increase of the actual driving force stagnates, when a
deviation of the actual driving force from the required driving force is equal to or larger
than a predetermined amount, and a rate of change of the required driving force and a rate
of change of the actual driving force are equal to or smaller than respective predetermined |
values. In this mahner, the situation where the driving force should be restricted can be
appropriately determined.

[0018] A driving force control method according to a second aspect of the
invention includes the steps of increasing driving force of a vehicle in accordance with a
driver’s operation to request acceleration, determining whether increase. of actual driving
force of the vehicle stagnates, relative to re;quired_driVing force determined according to at
leaét the driver’s operation to request acceleration, and restricting subsequent increase of
the actual driving force when it is determined that the increase of the actual driving force
stagnates, so that a rate of increase of the actual driving force is reduced as a stagnation
period for which the increase of the actual driving force stagnates is longer. |

[0019] Acco}ding to the driving force control device and method of the invention,
when the increase of the driving force of the vehicle in response to the driver’s operation

stagnates to a predetermined extent or larger, subsequent increase of the driving force is
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restricted, and the degree of restriction of the driving force is suitably controlled according
to the length of the stagnation period, so that the driver’s sense of strangeness or
discomfort can be sufficiently alleviated while minimizing deterioration of the acceleration _

performance of the vehicle and the driveability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020])  Features, advantages, and technical and’ industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying '_drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a view schematically showing the construction of one example of engine in
a vehicle on which a driving force control device according to one embodiment of the
invention is installed; |

FIG. 2 is a view schematically showing the construction of only one cylinder of the
engine of FIG. 1; |

FIG. 3 is a block diagram showing one example of the configuration of the driving

‘force control device, such as ECU, according to the embodiment of FIG. 1;

FIG. 4 is a timing chart showing changes in the required' driving force, actual driving
force, and the acceleration of the vehicle when the driving force is not restricted;

FIG. 5 is a flowchart illustrating the pr‘ocedufe of driving force restriction control
according to the embodiment of the invention;

FIG. 6 is an explanatory view schematically showing correction of the required
'driving force under the driving force restriction control according to the embodiment of the
invention; |

FIG. 7 is a view showing one example of mAap used in this embodiment for setting the
correction amount of reduction of the required driving force and the correction rate of
increase of the required driving force according to the stagnation period; and

FIG. 8 is a view corresponding to FIG. 4, showing the case where the driving force

restriction control according to the embodiment of the invention is performed.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0021]  One embodiment of the invention will be described with reference to the
drawings. In this embodiment, the invention is applied to a vehicle on which an internal
combustion engine (which will also be called “engine”) is installed as a drive power
source.

[0022]  FIG 1 and FIG. 2 schematically show the construction of the engine to
which the invention is applied. In FIG. 2, the construction of only one cylinder of the
engine is illustrated. In FIG. 2, a turbocharger and an EGR systfam are not illustrated.

[0023)  The engine 1 of this embodiment is a four-cylinder gasoline engine
installéd on the vehicle, and a piston lc that reciprocates in the vertical direction is
provided in a cylinder block la that constitutes each of the cylinders. The piston lc is
connected to a crankshaft 15 yia a connecting rod 16, and the reciprocating motion of the
piston 1c is converted by the connecting rod 16, into rotation of the crankshaft 15.

[0024] A transmission (not shown) is coupled to the engine 1, and the rotation of
the crankshaft 15 is transmitted from the transmission to drive wheels of the vehicle via a
c.lrive‘ shaft, etc. A signal rotor 17 is mounted on the crankshaft 15. A plurality of teeth
(projections) 17a are provided at equal angles (of 10°CA (crank angle), for example, in this
embodiment) on an outer circumferential surface of the signal rotor 17. Also, the signal
rotor 17 hés a tooth missing portion 17b in which two teéth 17a are missing.

[0025] A crank position sensor (engine speed sensor) 301 that detects the crank
angle is disposed beside the signal rotor 17. The crank position sensor 301 is an.
electromagnetic pick-up, for example, and generates a signal in the form of pulses (voltage
pulses) corresponding to the teeth 17a of the signal rotor 17 when the crankshaft 15 rotates.
The engine speed can be calculated from the output signal of the crank position sensor 301.

[0026] A coolant temperature sensor 303 that detects the temperature of engine
coolant is disposed in the cyiiﬁder block 1a of the engine 1. A cylinder head 1b is
providéd on the upper end of the cylinder block 1a, and a combustion chamber 1d of each
cylinder is formed between the cylinder head 1b and the piston lc. An ignition plug 3 is

disposed in the combustion chamber 1d of the engine 1. The ignition timing of the
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ignition plug 3 is conﬁolled by an ignitér 4. The igniter 4 is controlled by an ECU
(Electronic Control Unit) 500 (corresponding to the controller) which will be described
later.
[0027]  An oil pan 18 that contafns lubricant (engine oil) is provided in a lowér

portion of the cylinder block la of the engine 1. During opéfation of the engine 1, the

- lubricant stored in the oil pan 18 is pumped up by an oil pump (not shown), through an oil

strainer that removes foreign matters from the lubricant, and is-supplied to respective
portions, such as the piston Ic, crankshaft 15, and the connecting rod 16, of the engine, so
as to be used for lubrication, cooling, etc. of these portions. ‘ Then, after the lubricant thus
supplied is used for lubrication, cooling, eté-. of the respective porﬁons of the engine, the
lubricant is returned to the oil pan 18, and stored in the oil pan 18 until it is pumped up by
the oil pump again. |

[0028]  An intake passage 11 and an exhaust passage 12 are connected to each
cémbustion chamber 1d of the engine 1. A part of the intake passage 11 -is formed by
intake ports 11a corresponding to the respective combustion chambers 1d, and an intake
manifold 11b. Also, a part of the exhaust passage 12 is formed by exhaust ports 12a
corresponding to thé respective combustion chambers 1d, and an exhaust manifold 12b.

[0029] In the intake passage 11, an air cleaner 7 that filters intake air (new air), an
air flow meter 304, a compressor impeller 102 of a turbocharger 100 (which will be
described later), an intercooler 8 .for forcedly cooling the intake air whose temperature was
raised by superchargihg using the turbocharger 100, a throttle valve 5 for adjusting the
intake air amount of the engine 1, etc. are disposed. Also, an intake air temperature
sensor 307 and an ihtake manifold pressure sensor 308 are disposed in the intake passage
11 (in the intake manifold 11b).
' [0030]  The air flow meter 304 detects the intake air amount ('new.air amount).
The intake air temperature sensor 307 detects the temperature (intake air temperature) of
air that has been cooled by the intercooler 8 but has not been drawn into the engine 1.
The intake manifold pressure sensor 308 detects the pressure in the intake manifold 11b,

namely, the boost pressure (intake air pressure).
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| [0031]  The throttle opening of the throttle valve 5 is controlled by the ECU 500
which will be described later. More specifically, the throttle opening of the throttle valve
5 is controlled so as to provide the optimum intake air amount suitable for operating
conditions of the engine 1, such as the engine speed calculated from the output signall of

the crank position sensor 301, and the amount of depression of the accelerator pedal (the

, accelerator operation amount Acc). Such a control system of the throttle valve 5 may also

be called “electronic throttle system”.- | The throttle opening may also be controlled
inde‘pendeptly of a driver’s operation on the accelerator pedal. ,

[0032)  An intake valve 13 is prdvided between the intake passage 11 and the
combustion chamber 1d. With the intake valve 13 driven to be opened or closed, the
intake passage 11 and the combustion chamber 1d are brought into communication with
each other or shut off from each other. Also, an exhaust valve 14 is provided between the
exhaust passage 12 and the combustion charhber 1d.  With the exhaust valve 14 driven to
be 'bpened' or closed, the exhaust passage 12 and the combustion chamber 1d are brought
into communication with each other or silut off from each other. The intake valve 13 and
the exhaust valve 14 are driven to be opened and closed, through rotation of an intake
camshaft 21 and an exhaust camshaft 22, respectively, to each of which rotation of the
crankshaft 15 is transmitted via a timing chain, or the like.

[0033] A cam position.sensor 302 that generates a pulsed signal when the piston
1c-of a particular cylinder (e.g.; first cyiinder #1) reaches the compression top dead center
(TDC) is provided in the vicinity of the intake camshaft 21. ~ The cam position‘ sensor 302
is an electromagnetic pick-up, for examp]e, and is positioned so as to be opposed to one
tooth (not shown) on an outer circumferential surface of a rotor integrally provided on the
intake camshaft 21. The cam position sensor 302 outputs a pulsed signal (voltage pulse)
when the intake camshaft 21 rotates. Since the intake camshaft 21 (and the exhaust

camshaft 22) rotate at a rotational speed that is one half of the rotational speed of the

" crankshaft 15, the cam position sensor 302 generates one pulsed signal each time the

crankshaft 15 rotates twice (rotates 720°).

[0034] The piston position | (whether the piston is on the intake stroke,
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compression stroke, explosion stroke, or the exhaust stroke) in each cylinder (of the first:
cylinder #1 through the fourth cylinder #4) can be recognized from the respective output
signals of the cam position sensor 302 and the crank position sensor 30, and engine
loperation controls, such as the fuel injection control and the ignit.ion timing control, can be
accurately performed based on the piston position. | .

[0035] In the exhaust passage 12, on thé other hand, a three-way catalyst 9 is
disposed downstream (as viewed in the direction of exhaust flow) of a turbine wheel 101
of the turbocharger 100. - In the three-way catalyst 9, CO and HC containedA in exhaust
gases emitted from the combustion chambers 1d into the exhaust passage 12 are oxidized,
and NOx in the éxhaust gas is reduced, so that CO, HC, and NOx are converted into CO,,
H,0, and N, for clean-up of the exhaust gas. - " '

. [0036]  An air-fuel ratio (A/F) sensor 309 is disposed in the exhaust passage 12
upstream (as viewed in the direction of exhaust flow) of the three-way catalyst 9. The
air-fuel ratio sensor 309 shows a linear characteristic with respect to the air-fuel ratio.
Also, an O, sensor 310 is disposed in the exhaust passage 12 downstream of the three-way -
catalyst 9. The O, sensor 310 generates electromotive force according to the oxygen

concentration in the exhaust gas. It is determined that the exhaust gas is rich in oxygen

when the output of the O, sensor 310 is higher than a voltage (comparative voltage)

corresponding to the stoichiometric air-fuel ratio, and it-is determined that the exhaust gas
is lean in oxygen when the output of the O, sensor 310 is lower than the comparative
voltage.

[0037) Next, a fuel injection system of the engine 1 will be described.

K [0038]  An injector for i_ri-cylinder or direct ihjection (in-cylinder fuel injection
valve) 2a capable of directly injecting fuel into each combustion chamber 1d is disposed in
each cylinder of the engine 1. The direct-injection injectors 2a ... 2a of the respective
cylinders are connected to a common high-pressure-fuel delivery pipe 20a.

[0039]  Also, an injector for port injection (intake passage fuel injection valve) 2b

capable of injecting fuel into each intake port 11a is disposed in the intake passage 11 of

. the engine 1. The port-injection injector 2b is provided for each cylinder. The
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port-injectiqn injectors 2b ... 2b of the respective cylinders are connected to a common
1ow-pressﬁre-fuel delivery pipe 20b. |

[0040]  The supply of the fuel to the high-pressure-fuel delivery pipe 20a and the
low-pressure-fuel delivery pipe 20b is effected by a feed pump 401 as a low-pressure pump
and a high-pressure pump 402. The feed pump 401 pumps up fuel (such as gasoline) in a
fuel tank 400, and supplies the fuel to the low-pressure-fuel delivery pipe 20b and the
high-pressme pump 402. The high-pres"suré pump 402 pressurizes low-pressure fuel from * -
the feed pump 401, and supplies the pressurized fuel to the'high-pressure-ﬁlél delivery pipe
20a. | |

[0041]  The direct-injection injector 2a is an électromagnetically-driven shut-off
valve, which is opened when a given voltage is applied thereto, so as to directly inject the
fuel into the corresponding combustion chémber 1d. The opening and closing (injection
duration, injection timing) of the direct-injection injector 2a are also duty-controlled by the
ECU 500 which will be described later.

[0042]  Similarly, the port-injection injector 2b is an electromagnetically-driven
shut-off valve, which is opened when a given voltage is applied thereto, so as to inject the
fuel into the corresponding' intake port 1la. The opening and closing (injection duration,
injection timing) of the port-injection injector 2b are also duty-controlled by the ECU 500.

[0043]  With the fuel injected from one or both of the direct-injeétion injector 2a

‘and the port-injection injector 2b, an air-fuel mixture of the fuel and air is formed in the

combustion chamber 1d. The air-fuel mixture is ignited by the ignition plug 3, and burns

and explodes so as to produce high-temperature, high-pressure combustion gas. The
combustion gas thus produced causes the piston 1¢ to reciprocate, so that the crankshaft 15
is rotated to provide the driving force (output torque) of the engine 1. The combustion
gas produced in the combustion chamber 1d is then discharged into the exhaust passage 12
when the exhaust valve 14 is opened. '

[0044) In this embodiment, the engine 1 is equipped with the turbocharger
l(superclllarger) 100 that supercharges intake air into the engine 1 by utilizing the exhaust

pressure.
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[0045]  As shown in FIG. 1, the turbocharger 100 includes the turbine wheel 101
disposed in the exhaust passage 12, compressor impeller 102 disposed in the intake
passage 11, and a .coupling shaft 103 that couples the turbine wheel 101 with the
compressor impeller 102 so that the turbine wheel 101 and the compressor impeller 102
rotate as a unit. In operation, the turbine wheel 101 disposed in the exhaust passage 12

rotates due to energy of exhaust gas, and the compressor impeller 102 disposed in the

_ intake passage 11 rotates in accordapcé with the rotation of the turbine wheel 101. Then,

the intake air is compressed due to rotation of the compressor impeller 102, and is forcedly
fed into the combustion chamber 1d of each cylinder of the engine 1 (supercharging).

[0046] The turbine wheel 101 is housed in a turbine hohsing 110, and the

. compressor impeller 102 is housed in a compressor housing 120. The turbine housing

110 and the compressor housing 120 are mounted on the opposite sides of a center housing
130. The compressor impeller 102, the compressor housing 120, etc. constitute a
compressor 100B, and the turbine wheel 101, thé turbine housing 110, etc. constitute a
turbine 100A.

[0047]  In ‘the turbocharger 100 of this embodiment, an exhaust bypass passage
104 that communicates the upstream side of the turbine whéel 101 with the downstream
side thereof (i.e., bypasses the tu;bine wheel 101), and a waste gate valve (WGV) 105 that
opens and closes the exhaust bypass passage 104 are ‘provided. In operation, the boost
pressure can be controlled by adjusting the opening of the waste gate valve (WGV) 104 so
as to adjust the amount of exhaust gas that bypasses the turbine wheel 101. The c;pening
of the waste gate valve 105 is also controlled by the ECU 500. |

[0048]  In this embodiment shéwn in FIG. 1, an EGR passage 201 extends from
the exhaust manifold 12b to the intake manifold 11b, and an EGR cooler 202 provided in
the EGR passage 201, EGR valve 203, etc. constitute an EGR (Exhaust Cas Recirculation)
system 200. The EGR system 200 introduces a part of the exhaust gas into thé intake air,

so as to lower the combustion temperature in the combustion chamber 1d, and thus reduce

- the amount of NOx generated.

[0049]  As shown in FIG. 3, the ECU 500 includes CPU (Central Processing Unit)
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510, ROM '(R‘ead Only Memory) 502, RAM (Random Access Memory) 503, backup RAM

504, and so forth.

[0050] - The ROM 502 stores various control programs, and maps, etc. reférred to
when the various control programs are executed. The CPU 501 perlforms. various
computations, based oﬁ the various contrbl programs and maps‘ stored in the ROM 502.
The RAM 503 is a memory that temporarily. stores the results of computations performed
by the CPU 501, data received from respéctive sensors, and so forth, -and the backup RAM
504 is a non-volatile memory that stores data, etc. to be stored when the engine 1 is
stopped, for example.

[0051] ' The CPU 501, ROM 502, RAM 503 and the backup RAM 504 as
described above are connected to each other via a bus 507, and are also connected to an
input interface 505 and an output interface 506.

[0052] Va;fious sensors are connected to the input interface 505. The sensors
include the crank position sensor (engine speed sensor) 301, cam position sensor 302,
coolant temperatﬁre sensor 303, air flow meter 304, throttle opening sensor 305,

accelerator pedal position sensor 306, intake air "temper’ature sensor 307, intake manifold

~pressure sensor 308, air-fuel ratio sensor 309, O, sensor 310, fuel pressure sensor 311 for

_ high-pressure fuel, and a fuel pressure sensor 312 for low-pressure fuel, The

accelerator pedal position sensor 306 outputs a detection signal corresponding to the
accelerator operation amount Acc. The fuel pressure sensor 311 detects the pressure (fuel
pressure) of the high-pressure fuel supplied to the direét-injection injectors 2a. The fuel
pressure sensor 312 detects the pressure (fuel pressure) of the low-pressure fuel supplied to
the port-injection injectors 2b.- Also, an ignition switch 313 is‘ connected to the input
interface 505. When the ignition switch 313 is turned ON, cranking of the engine 1 by
means of a starter motor (not shown) is started.

[0053] On thé other hand, the direct-injection injectors 2a, port-injection injectors
2b, igniters 4 of the ignition plugs 3, and the throttle motor 6 of the throttle valve 5 are
connected to the output interface 506. A transmission ECU 600 that performs control of

the transmission is connected to both the input interface 505 and the output interface 506,
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and supplies and receives certain kinds of information to and from the ECU 500. For
example, information of the vehicle speed V calculated from a signal received from an
output rotation sensor of the transmission is supplied from the transmission ECU 600 to the
ECU 500. | |

[0054]  Then, the ECU 500 performs various controls of the engine, including the _
fuel injection amount control associated with the direct-injection injectors 2a and the
port-injection injectors 2b, ignition timing control associated with the ignition plugs 3, and
drive éqntrol (intake air amount control) of the throttle motor 6 of the throttle valve 5,
based on the detection signals of the above-indicated various sensors and the information
from the transmission ECU 600.

[0055]  More specifically, the ECU 500 calculates required driving force Preq as
driving force required to be applied to the vehicle, based on the accelerator operation
amount Acc detected by the accelerator pedal position sensor 306, and the vehicle speed V
“supplied from the transmission ECU 600. Then, in order to produce éngine torque
corresponding to the required driving force Pref, the ECU 500 controls the throttle mofor 6

of the throttle valve 5, and the direct-injection injector 2a and port-injection injector 2b of

- each cylinder, in view of the speed ratio as well, and applies current to the ignition plug 3

at a suitable time of ignition determined according to the operating state of the engine 1.
| [0056]  In addition, the ECU 500 performs driving force restriction control during
acceleration as will be described below. The driving force control device including the
controller according to the invention is implemented by a iarogram executed by the ECU
500. |

[0057]  Next, driving force restriction control executed by the ECU 500 during

 acceleration (while the engine 1 is in an acceleration transient period) will be generally

described. In the’ engine 1 including the turbocharger 100 as in this embodiment, even if
the accelerator pedal is debressed in an operating region in which the flow rate of exhaust
“gas is small, sufficient supercharging may not ‘be performed until rotation (or rotational
speed) of the turbine wheel 101 rises due to increase of the exhaust flow rate. In this case,

there may be a delay in response of several seconds, which corresponds to a period from
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the operation to depress the accelerator pedal to a rise of the output of the engine 1.

[0058]  If the accelerator pedal is depressed at time t0 (i.e., if there is a request for
acceleration), as shown in FIG. 4 as one example, the required driving force Preq rises in a
step as indicated by a one-dot chain line; h_owever, the actual driving force Pact of the
vehicle does not rise so fast (there is a delay time) as indicated by a solid line, due to a
delay (turbo lag) in increase of engine torque. Namely, the actual driving force Pac may
not sufficiently increase for several seconds even though the driver keeps depressing the
accelerator pedal (i.e., the required driving force Preq is constant),.

[0059]  The actual driving force Pact indicated by the solid line in FIG. 4, which is
a value calculated based on the engine torque, in view of the speed raﬁo of the
transmission and the reduction ratio of the differential, increases until time t2, but remains
substantially constant (stagnates) during a subsequent period between time t2 and time t3.
At this time, a value of acceleration aa (such as a differential value of the vehicle speed V,
or a detection value of a G sensor), whi_ch represents driving force that actually acts on the
vehicle, also remains subsfantially constant, like the calculated actual driving force Pact,
and the driver who feels the acceleration aa may feel that the driving force of the vehicle
does not follow his/her operation to depress the accelerétor pedal, namely, the driving force
stagnates. |

[0060] Then, if the boost pressﬁre rises at time t3 (not illustrated in FIG. 4), and
the engine torque rapidly increases, the actual driving force Pact riseé in steps as indicated
by the solid line in FIG. 4, and the driver may feel acceleration shocks. Namely, the
driver feels as if the driving force (acceleration aa) that has stagnated ris¢s or increases in
steps; therefore, the driver may get a sense of strangeness or discomfort due to a turbo lag
thus emphasized.

[0061] In this embodiment, on the other hand, in a situation where the driving
force stagnates (i.e., remains substantially constant) as described above, and its chance of
following the required driving force Preq is supposed to be low, the subsequent increase of
the driving force is restricted, so that the driver’s sense of strangeness or discomfort is

alleviated (driving force restriction control). Furthermore, the driving force is more
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tightly restricted as the turbo lag is larger and the stagnation period At of the actual driving
force Pact is longer, and the driving force is more loosely restricted as the stagnation
period At is shortér.

[0062] In the following, the driving forc.e restriction control performed by the
ECU 500 will be specifically described with reference to the flowchart of FIG. 5. A
control routine shown in FIG. 5 is repeatedly executed by the ECU 500 at given time
intervals (of, for example, several tens of milliseconds). |

[0063] Initially, in step STlOl_, it is determined whether the vehicle is being
accelerated. More specifically, it is determined whether the amount of change of the
accelerator operation amount Acc per unit tite is equal to or larger than a predetermined

acceleration determination threshold value. If a negative decision (NO) is made in step

* ST101, the control returns. If the amount of change of the accelerator operation amount

Acc is equal to or larger than the 'acceleration determination threshold value, it is
determined that the vehicle is being accelerated, namely, an affirmative decision (YES) is
made, and the control proceeds to step ST102.

- [0064]  The acceleration determination threshold value may be set to an adequate
value determined by experiment, calculation, or the like, in view of the model of the engine
in question. For example, the acceleration determination threshold value may be set to
20%/sec to 30%/sec, and it may be determined whether the vehicle is being accelerated,
based on the threshold value. However, the threshold value is not limited to within this
range, but another numerical value may be employed. Also, the acceleration may be
determined based on othe'r' engine oi:erating conditions, such as the throttle opening
obtained from the output signal of the throttle opening sensor 305, or may be determined
by another known method. |

[0065] In step ST102, computations for determining whether the increase of the
driving force stagnates to a predetermined extent or larger are performed. More
specifically, it 1s determined that “a predetermined extent or larger of stagnation” takes
prlace when‘ all of the following stagnation determination conditions are satisfied, for

example. The stagnation determination conditions may include a first condition that (an
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absolute value of) a deviation of the actual driving force Pact from the required driving
force Preq is equal to or larger than a predetermined value, a second condition that the rate
of change of the required driving force Pr.eq~ is equal to or smaller than a predetermined
value, and there is little change in the required driving force Preq, and a third condition that

the rate of change of the actual driving force Pact is also equal to or smaller than a

predetermined value, and is very small.

[0066] . The first condition means that a §hortfall in the actual driving force Pact
relative to the. driver’s request ‘is equal to or larger than a predetermined amount. For
example, if the actual driving force Pact remains 3000N even though th_é required driving
force Preq is SOOON, for example, the absolute value of the deviation is 2000N, and it can
be thus determined that the first condition is satisfied when the shortfall in the actual
driving force Pact is equal to or larger than 2000N. The predetermined amount of
shbrtfall. is not limited to ‘this numerical value, but may be set to an adequate value
determined by experiment, calculation, or the like, in view of the model of the vehicle in
question, the model of the engine in question, etc.

[0067]  The second condition is used to determine that the range of fluctuation °
(increase/decrease) of the acgelerétor operation amount Acc is small, and the driver-
depresses the accelerator pedal with a will of his/her own. The third condition is used to
determine that the actual driving force Pact is not increased so much even though the
accelerator pedal is depressed. For example, it may be determined that the second
condition is satisfied when the absolute value of the rate of change (the amount of change
per unit time) of the required driving force Preq is equal to or smaller than 10%/$ec, and it
may be determined that the third condition is satisfied when the rate of increase (the
amount of increase per unit time) of the actual driving force Pact is equal to or smaller than
15%/sec. It is, however, to be understood that the rate of change of the required driving
force Preq and the rate of increase of the actual driving force Pact are not limited to these
values, but may be set to respective adéquate values determinedAby experiment, calculation,
or the like, in view of the model of the vehicle in question, the model of the engine in

question, etc.
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[0068]  Then, when the actual driving force Pact does not increase so much, and a
deviation (absolute value) of the actual driving force Pact from the required driving force
Preq remains large, even if the accelerator pedal is kept depressed, it is determined that the
increase of the driving force stagnates to the predetermined extent or larger. Namely, it is
determiné_d in step ST103 Whether all of the first through third conditions are satisfied. If
any one of these conditions is not satisﬁéd, a negative decision (NO) is made in step
STIO3, and the control returns to step ST102. If all of the conditions are satisfied, on the
other hand, an affirmative decision (YES) is made in step ST103, and the control proceeds .
to step ST104. | |

[6069] In step ST104, a stagnation flag for measuring the stagnation period At of
the driving force is set to ON, and computing for determining the likelihood of following
the driving force as described below is performed. More speciﬁcall}'l, a threshold value
for determining the likelihood of followi'ng the required driving force Preq is calculated
based on the rate of increase of the actual driving force Pact. Namely, if the rate of
increase of the actual driving force Pact that stagnates as described above is further
reduced, it is considered that the actual driving force Pact is unlikely to follow the required
dr‘iving force Preq that largely differs from the actual driving force Pact. Therefore, the
threshold value for determining the likelihood of following the driving force is set to be
smaller than that of the third condition for determining the stagnation. = For example, the
rate of change of the actual driving force Pact as the threshold value may be set to
10%/sec.

[0070] It is, however, to be understood that the threshold value is not limited to
the above-indicated numerical value, but may be set to an adequate value déterrhined by
experiment, calculation, or the like, in view of the model of the vehicle in question, the
model of the engine in question, etc.  Also, the likelihood of folloWing the driving force is
determined not only based on the rate of increase of the actual .driving force Pact, but may
also be determined depending on whether a difference (absolute value) between the current
actual driving force Pact and the required driving force Preq is equal to or larger than a

predetermined value, as well as the rate of increase of the actual driving force Pact. The
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detefmination may also be made based on the rate of reduction of the difference (absolute
value) between the actual driving force Pact and the required driving force Preq, in place of
the rate of increase of the actual driving force Pact.

[0071]  Subsequently, in step ST105, it is determined whether the rate of increase
of the actual driving force Pact is equal to or smaller than the threshold value for:
determining the likelihood of following the required driving force. If a.negative decision
(NO) is made in step ST105, the control routine is once finished. If the rate of increase of
-the actual driving force Pact is equal to or smaller than the threshold value for determining
the likeliho;)d of following the required driving force, it is determined that the actual
driving force Pact is unlikely to follow the required driving force Preq, namely, an
afﬁrmétive decision (YES) is made in step ST105. In this case, the control proéeeds to
step ST1 06 to correct the required driving force Preq in the r_nannef as described below, so
as to resfrictv the subsequent increase of the actual driving force Pact. Also, the stagnation _
flag is set to OFF at this point in time.'

[0072] In this embodiment, when the actual driving force Pact stagnates or
remains substantially constant relative to the required driving force Preq, to the
predetermined extent or larger, and it is determined that the actual driving force Pact is
unlikely to follow the required driving force Preq, the required'driving force Preq is
corrected. More specifically, the required driving force Preqis initially reduced at a time
by a given correction amount o of reduction, and then gradually increased at a given
correction rate [ of increase, as schematically shown in FIG. 6, for example.

[0073] . With the required driving force Preq thus reduced once, the otherwise
possible stepwise increase, of actﬁal driving force Pact can be restricted, and the actual
driving force Pact increases smoothly in accordance with the required driving force Preq
that gradually increases after being once reduced. Thus, even if the driving force

stagnates or remains substantially constant due to a turbo lag, the driver will get a sense of

" acceleration that conforms with the subsequent increase of the driving force, and the

driver’s sense of strangeness or discomfort can be sufficiently alleviated.

[0074]  In this connection, the correction amount a of reduction of the required
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driving force Preq and the correction rate B of increase of the required driving force Preq
may be set to respective adequate values determined by experiment, calculation, or the like,
in view of the model of the vehicle in question, the model of the engine in question, etc.
Howeve;, it is preferable to set-the correction amount o of reduction, for example, so that
the required driving force Preq becomes larger by a certain degree than the actual driving
for'pe Pact, so as to prevent overshooting of the control. In the example shown in FIG. 6,
the correction amount o of reduction and the correction rate B of increase are changed
according to the stagnatioh period Atl — At3 that lasts until the driving force restriction
control starts.

[0075]l Namely, as the period of time for which the driving force stagnates or
remains substantially constant after the driver’s operation to depress the éccelerator pedal
is longer, the driver is more likely to get a sense of st;angeness or diécomfort against the
subsequent increase of the driving force. Therefore, when the stagnation period A t is
rélatively long (At3 in lthe example of FIG. 6), the driving force is relatively tightly
restricted.  More specifically, the amount of reduction a of the required driving force Preq
is increased, so that the required driving force Preq is reduced down to a smaller value, and
the rate of subsequent increase § of the required driving forcé Preq is also reduced, so that
the increase of the actual driving force Pact is more réliably restricted.

[0076]  On the other hand, when the stagnation period At is relatively short, e.g., is
equal to Atl, the driver feels that the acceleration conforms with his/her operation to
depress the accelerator pedal even if the driving force rises slightly sharply after the
stagnation, and the driver is less likely to get a sense of strangeness or discomfort. In this
case, therefore, the driving force is relatively loosely restricted. More speciﬁcélly, the
arﬁou_nt of reduction o of thé required driving fbrce Preq is set to a relétively small value,
and the rate of sul;sequent increase B of the required driving force Preq is set to a relatively
large value, so that the driving force increases relatively rapidly, thus assuring sufficient
acceleration perf(Snnance of the vehicle.

[0077] In this embodiment, the required driving force Preq is not reduced so

much if the stagnation period At is relatively short, while the required driving force Preq is
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reduced by a larger amount as the stagnation period At is longer. To this end, the
reduction correction amount o and increase correction rate f are set to respective adequate
values determined by experiment, calculation, or the like, in association with the stagnation
period At of the driving force, and a map as shown‘ in FIG. 7 by way of example is set.
This map is stored in the ROM of the ECU 500, and is referred to when the driving force
restriction control is performed. |

[0078]  Thus, the ECU 500 corrects the required driving force Preq according to
the stagnation period At of the driving force, and changes the control target value of the
engine torque according to the required driving force Preq thus corrected, so as to change
the throttle opening, fuel injection amount, and igrﬁtion timing of the engine 1. In this
manner, the increase of the engine torque after the delay in response is restricted, and the
increase of the driving force of the vehicle after its stagnation is favorably restricted. One
example of changes in the required driving force Preq, actual driving force Pact, and the
acceleration aa of the vehicle, under the driving force restriction control, will be described
with reference to the timing chart of FIG. 8.

[0079]  Initially, if the accelerator pedal is depressed at time t0, the required
driving forée Preq rises in a étep as indicated by a one-dot chain line, as in the case
described above with reference to FIG. 4, but the actual driving force Pact of the vehicle
does not rise so rapidly as indicated by a solid line. ~Although the required driving force
Preq remains subsfantially constant in accordance with the accelerator operation amount
Acc, during a period from time t1 to time t3, the actual driving force Pact does not increase
so much, but stagnates.

[0080] At the time (time t2) when the rate of increase of the actual driving force
Pact becomes equal to or smaller than a predetermined value (e.g., 15%/sec), a deviation
(absolute value) of the actual driving force Pact from the required driving force Preq is
equal to or larger than a predetermined value (e.g., 200N), and the rate of change of the
accelerator operation amount Acc is equal to or smaller than a predetermined value (e.g.,
10%/sec). Therefore, all of the first through third conditions for determination of

stagnation are satisfied, and it is determined that the driving force stagnates to a
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predetermined extent or larger (the stagnation flag is set to ON).

[0081] At this time (time t2), however, the rate of increase of the actual driving
force Pact has not become equal to or smaller than a threshold value (e.g., 10%/sec) for
determination of the likelihood of following the required driving force, and therefore, the
restriction chtrol on the driving force is not started. Then, if the rate of increase of the
actual divihg force Pact is'funher reduced, and becomes equal to or smaller than the
threshold value at time t3, it is determined that the actual driving force Pact is unlikely to
follow the required driving force Preq, and the driving force restriction control is started.
At this time, the stagnation flag is set to OFF.

[0082] If .the driving force restriction éontrol is started, the required driving force
Preq is significantly reduced once, and then gradually increased as indicated in FIG. 8;
thereafter, the engine torque does not rapidly incréase even if the boost pressure rises. In
the example of FIG. 8, the actual drivihg force Pact starts smoothly incréasing at around
time t4, and the acceleration aa of the vehicle also steplessly or smoothly increases in
accqrdance with the increése of the actual driving force Pact. Thus, the driver is less
likely or unlikely to feel acceleration shock.

[0083]  Thus, according to the driving force control device of this embodiment,

_ when it is determined that the increase of the actual driving force Pact stagnates to a

predetermined extent or larger, relative to the required driving force Preq that increases
upon acceleration of the vehicle, the required driving force Preq is corrected, so that the
increase of t_he actual driving force Pact after the stagnation is restricted. As a result, the
actual driving force Pact does not rise in steps after its stagnation, but gradually increases.
Accordingly, even with the stagnation of the driving force, the driver is likely to feel that
the vehicle acceleration conforms with his/her operation to depress the accelerator pedal,
and is less likely or unlikely to get a sense of strangeness or discomfort.

[0084]  Furthermore, the driving force is more tightly restricted as the stagnationf
period At of the driving force is longer, so that the actual driving force Pact increases at a
slower rate (i.e., more slowly or gently), and the driving force is more loosely restricted as

the stagnation period At is shorter, so that the actual driving force Pact increases relatively
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rapidly. Thus, the increase of the driving force is favorébly restricted in accordance with
the likelihood that the driver gets a sense of strangeness or discomfort, thus making it
possible to sufficiently alleviéte the driver’s sense of strangeness or discomfort wh.ile
minimizing deterioration of the acceleration performance of the vehicle and the
driveability.

[0085] It is to be understood that the description of the illustrated embodiment is

merely exemplary, and is not intended to limit the construction and application or use of

the invention to those of the embodiment. In the illustrated embodiment, it is initially
determined whether the actual driviﬁg force Pact stagnates to a predetermined extent or
larger, and, if it is then determined that the actual driving force Pact is unlikely to follow
the required driving force Preq, the subsequent increase of the dfriving force is restricted.
However, this invention is not limited to this_ arrangement, but the increase of the driving
force may be restricted when the predetermined extent or larger of stagnation of the actual
driving force Pact is continued .for a predetermined period of time or longer.

[0086]  While the invention is applied to the vehicle on which a gasoline engine as
one example is iﬁstalled, in the illustrated embodiment, the invention is not limited to this
application, but may be applied to vehicles on which other types of engines, such as a
diesel engine, are installed. Also, the in\}ention is not limitedly applied to the vehicle on
which only the engine is installed as a driving power sourcé, but may be applied to a
hybrid vehicle (a vehicle on which an engine and an electric fnotor are installed as driving
power sources), for example. |

| [0087] In developing the invention, it is particularly noted that the driver’s
likelihood of getting a sense of strangeness or discomfort due to subsequent increase of the
driving force differs depending on the length of time for which the driver feels stagnation
of the driving force. Thus, according to the invention, the driving force is more tightly
restricted as the stagnation period is ldnger, whereas the driving force is more loosely
restricted as the stagnation period is shorter. According to the invention, it is possible to
sufficiently alleviate the driver’s sense of strangeness or discomfort while minimizing

deterioration of the acceleration performance and the driveability, by appropriately
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restricting the increase of the driving force subsequent to a delay in response of the driving
power source of the vehicle. Thus, the invention is highly advantageous or effective

particularly when it is applied to control of the driving force of a passenger car.
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CLAIMS:

1. A driving force cdntfol device comprising:

a controller configured to increase driving force of a vehicle in accordance with a
driver’s operation to request acceleration, _

the controller being configured to determine whether increase of actual driving force
of the vehicle stagnates, relative to required driving force determined according to at least
the driver’s operation to request acceleration, and restrict subsequent increase of the actual
driving force when the controller determines that the increase of the actual driving force

~ stagnates, and

the controller being configured to restrict the increase of the actual driving force so

that a rate of increase of the actual driving force is reduced as a stagnation period for which

the increase of the actual driving force stagnates is longer.

2. The driving force control device according to claim 1, wherein
~ when the controller determines that the increase of the actual driving force stagnates,
the controller is configured to once reduce the required driving force, and
then the controller is configured to gradually increase the required driving force at a
rate of change which is set to a smaller value as the stagnation period of the actual driving

force is longer.

3. The driving force control device according to claim 2, wherein
the controller is configured to increase an amount of reduction of the required driving

force as the stagnation period of the actual driving force is longer.

4. The driving force control device according to any one of claims 1 to 3, wherein
the controller is configured to restrict the increase of the actual driving force, when
the controller determines that the increase of the actual driving force stagnates, and that a

likelihood that the actual driving force follows the required driving force is equal to or
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lower than a predetermined level.

5. The driving force control device according to claim 4, wherein

the controller is configured to determine that the likelihood that the actual driving
force follows the required driving force is equal to or lower than the predetermined level,
when at least one of a chdition that a deviation of the actual driving force from the
required driving force is equal to or larger than a predetermined amount, a condition that a -
rate of change of the deviation is equal to or smaller than a predetermined value, and a
condition that a rate of increase of the actual driving force is equal to or smaller‘ than a

predetermined value, is satisfied.

6. The driving force control device according to any one of claims 1 to 5, wherein
- the controller is configured to determine that the increase of the actual driving force
stagnates, when a deviation of the actual driving force from the required driving force is
equal to or larger than a predetermined amount, and a rate of change of the required driving
force and a rate of change of the actual driving force are equal to or smaller than respective

predetermined values.

7. Adriving force control method, comprising:

increasing driving force of a vehicle in accordance with a driver’s operation to
request acceleration;

determining whether increase of actual driving force of the vehicle stagnates, relative
to required driving force determined according to at least the driver’s operation to request
acceleration; and |

restricting subsequent increase of the actual driving force when it is determined that
the increase of the actual driving force stagnates, so that a rate of _increase of the actual
driving force is reduced as a stagnation period for which the increase of the actual driving

force stagnates is longer.

8. The driving force control method according to claim 7, wherein
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when the increase of the actual driving force stagnates, the required driving force is
once reduced, and
then the required driving fofce is gradually increased at a rate of change which is set

to a smaller value as the stagnation period of the actual driving force is longer.

9. The driving force control method according to claim 8, wherein
an amount of reduction of the required driving force is increased as the stagnation

period of the actual driving force is longer.

10. The driving force control method according to any one of claims 7 to 9, wherein
the increase of the actual driving force is restricted, when the increase of the actual
driving force stagnates, and a likelihood that the actual driving force follows the required

driving force is equal to or lower than a predetermined level.

11. The driving force control method according to claim 10, wherein _

it is determined the likelihood that the actual driving force follows the required
driving force is equal to or lower than the predetermined level, when at least one of a
condition that a deviation of the actual driving force from the required driving fdrce is
equal to or larger than a predetermined amount, a condition that a rate of change of the
deviation is equal to or smaller than a predetermined value, and a condition that a rate of
increase of the actual driving force is equal to or smaller than a predetermined value, is |

satisfied.

12. The driving force control method according to any one of claims 7 to 11,
wherein o

it is determined that the increase of the actual driving force stagnates, when a
deviation of the actual driving force from the required driving force is equal to or larger
than a predetermined amount, and a rate of change of the required driving force and a rate

of change of the actual driving force are equal to or smaller than respective predetermined
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