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CONTROL DEVICE FOR VEHICLE, AND CONTROL METHOD FOREHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a control defoca vehicle and a control
method for a vehicle, the vehicle including a duénd a clutch actuator, the clutch being
configured to connect and disconnect a power tregssom path between a power source
and a transmission, the clutch actuator being gardid to switch the operating state of the

clutch.

2. Description of Related Art

[0002] There is a well-known control device for a vehjdlee vehicle including a
transmission that constitutes a part of a powerstrassion path between a power source
and driving wheels, a clutch that connects andodisects the power transmission path
between the power source and the transmissionaacidtch actuator that switches the
operating state of the clutch. The control dewdudes a clutch control unit configured
to output to the clutch actuator a switching comdhéor switching the operating state of
the clutch based on operation of a clutch peda byiver. Examples of the well-known
control device include a clutch-by-wire system ftised in Japanese Patent Application
Publication No. 2009-222068. Disclosed in JP 2PR9068 A is controlling the

operation of the clutch actuator based on an operamount of the clutch pedal.

SUMMARY OF THE INVENTION
[0003] On the one hand, a characteristic of the operatiaig (the state expressed
as engagement, slip, and release) of the clutdin negpect to the operation amount of the
clutch pedal (i.e., a clutch engagement charatiterxpressed as a clutch transmission
torgue that can be transmitted by the clutch) ifoumly set based on the characteristics of

components (such as a clutch cover) that constibgteclutch and on the specifications of
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the vehicle (such as a vehicle weight). On theeotiand, travel performance, such as
acceleration response performance and shock spmgserformance, desired by a driver
when the driver operates the clutch pedal so angmage the clutch, is different for each
driver, or different depending on the driving stateven with the same drive. As a
consequence, the uniformly set characteristic ef @perating state of the clutch with
respect to the operation amount of the clutch peday fail to provide desired travel
performance, which may result in deterioration rivability.

[0004] The present invention suppresses deterioratiodrivability when the
clutch pedal is operated to engage the clutch.

[0005] A first aspect of the present invention relatesatoontrol device for a
vehicle. The vehicle includes a transmission ptedii between a power source and
driving wheels, a clutch configured to connect aistonnect a power transmission path
between the power source and the transmissionytehcactuator configured to switch the
operating state of the clutch, and an electronidrobunit. The electronic control unit is
configured to output a switching command to thetotluactuator. The switching
command is a command for switching the operatiatesdf the clutch based on operation
of the clutch pedal by a driver. The electronioitcol unit is configured to change the
characteristic of the operating state of the clwtith respect to an operation amount of a
clutch pedal, in accordance with travel performashesired by the driver.

[0006] With the configuration, the characteristic of tbhperating state of the
clutch with respect to the operation amount ofchich pedal, which is used as the basis
of the switching command for switching the opemtstate of the clutch, is changed in
accordance with the travel performance desiredhaydriver. This makes it easy to
achieve actual travel performance (for exampleyelrperformance such as acceleration
response performance and shock suppression perfoenamatched for the travel
performance desired by the driver. Hence, detatimm in drivability can be suppressed
when the clutch pedal is operated to engage thehclu

[0007] In the control device for the vehicle, the elentcocontrol unit may be

configured to change the characteristic of the aijpey state of the clutch at a time of
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[0008] With the configuration, the characteristic of tbhperating state of the
clutch at the time of startup is changed. Hendetha time of startup, actual travel
performance matched for the travel performancereédly the driver is easily obtained.

[0009] In the control device for the vehicle, the elestcocontrol unit may be
configured to change the characteristic of the ajpey state of the clutch at a time of
gear-shift of the transmission.

[0010] With the configuration, the characteristic of tbperating state of the
clutch at the time of gear-shift of transmissioghsnged. Hence, at the time of gear-shift,
the actual travel performance matched for the trpegformance desired by the driver is
easily obtained.

[0011] In the control device, the electronic control umay be configured to
change a first characteristic and a second chaistate The first characteristic may be a
characteristic of the operating state of the cltla time of startup of the vehicle. The
second characteristic may be a characteristiceobfierating state of the clutch at a time of
gear-shift of the transmission. The first chamastie may be different from the second
characteristic.

[0012] With the configuration, the characteristic of tbhperating state of the
clutch at the time of startup is changed separdtely the characteristic of the operating
state of the clutch at the time of gear-shift whighlifferent from the characteristic at the
time of startup. Hence, the actual travel perfaro@gamatched for the travel performance
desired by the driver is easily obtained separalejyending on the situations, such as at
the time of startup, and at the time of gear-shift.

[0013] In the control device for the vehicle, the elestcocontrol unit may be
configured to change the characteristic of the ajgy state of the clutch such that when
the travel performance desired by the driver isftiet travel performance, the clutch is
engaged faster with respect to the operation ofcth&ch pedal than when the travel
performance desired by the driver is the secondekrperformance. The first travel

performance may be travel performance emphasiziogleration response performance,
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while the second travel performance may be travafopmance emphasizing shock
suppression performance.

[0014] With the configuration, the characteristic of tbhperating state of the
clutch is changed such that when the travel perdoe desired by the driver is the travel
performance emphasizing the acceleration respoadermance, the clutch is engaged
faster with respect to operation of the clutch péolaengagement of the clutch than when
the travel performance desired by the driver is ttgel performance emphasizing the
shock suppression performance. Accordingly, thaadravel performance matched for
the travel performance desired by the driver cailyehe obtained. Hence, deterioration
in drivability can be suppressed when the clutaiapes operated to engage the clutch.

[0015] In the control device for the vehicle, the trapelformance desired by the
driver may be a travel performance desired by tineedthat is received by the electronic
control unit from a device outside the vehicle.

[0016] With the configuration, the travel performanceides by the driver is the
travel performance desired by the driver that andferred from a device outside the
vehicle and different from the vehicle. Hence, #dctual travel performance matched for
the travel performance desired by the driver islasd appropriately obtained.

[0017] In the control device for the vehicle, the trapelformance desired by the
driver may be a travel performance desired by tinedthat is based on a tendency of a
driving operation of the driver.

[0018] With the configuration, the travel performanceides by the driver is the
travel performance desired by the driver that iseldaon the tendency of the driving
operation of the driver. Hence, the actual trgpefformance matched for the travel
performance desired by the driver is easily and@ppately obtained.

[0019] In the control device for the vehicle, the trapelformance desired by the
driver may be a travel performance desired by thesdthat is selected by the driver.

[0020] With the configuration, the travel performanceidgbby the driver is the
travel performance desired by the driver that Iecdted by the driver. Hence, the actual

travel performance matched for the travel perforceatlesired by the driver is easily and
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appropriately obtained.

[0021] In the control device for the vehicle, the elestcocontrol unit may be
configured to change the characteristic of the aip®ey state of the clutch in accordance
with the travel performance desired by the drivet tis selected by the driver when the
electronic control unit receives travel performamesired by the driver that is received
from a device outside the vehicle and travel pentorce desired by the driver that is
selected by the driver.

[0022] With the configuration, when the travel performamtesired by the driver
that is transferred from a device outside the \ehaad different from the vehicle, and the
travel performance desired by the driver that ieced by the driver are acquired, the
characteristic of the operating state of the cluscbhanged in accordance with the travel
performance desired by the driver that is selebiethe driver. Hence, the actual travel
performance matched for the travel performancere@sby the driver is easily and
appropriately obtained.

[0023] In the control device for the vehicle, the elestcocontrol unit may be
configured to change the characteristic of the aip®y state of the clutch in accordance
with the travel performance desired by the drivet tis selected by the driver when the
electronic control unit receives travel performadesired by the driver that is based on a
tendency of driving operation of the driver andvélaperformance desired by the driver
that is selected by the driver.

[0024] With the configuration, when the travel performamtesired by the driver
that is based on the tendency of driving operadiotine driver, and the travel performance
desired by the driver that is selected by the drare acquired, the characteristic of the
operating state of the clutch is changed in accarelavith the travel performance desired
by the driver that is selected by the driver. Hgribe actual travel performance matched
for the travel performance desired by the drivezasily and appropriately obtained.

[0025] In the control device for the vehicle, the elestcocontrol unit may be
configured to change the characteristic of the ajoey state of the clutch at the time of the

startup by changing an operation range of the lelpedal required to switch the operating
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state of the clutch for engagement of the clutch.

[0026] With the configuration, the characteristic of tbhperating state of the
clutch at the time of startup is changed by changfie operation range of the clutch pedal
required to switch the operating state of the tlufor engagement of the clutch.
Accordingly, at the time of startup, the actuavélaperformance matched for the travel
performance desired by the driver is easily and@pmately obtained.

[0027] In the control device for the vehicle, the elestcocontrol unit may be
configured to change the characteristic of the ajeg state of the clutch at the time of the
startup by changing an operation amount of thecklytedal at a start of switching the
operating state of the clutch for engagement ottueh.

[0028] With the configuration, the characteristic of tbperating state of the
clutch at the time of startup is changed by changire operation amount of the clutch
pedal at the start of switching the operating stétine clutch for engagement of the clutch.
Accordingly, at the time of the startup, the actwaVvel performance matched for the travel
performance desired by the driver is easily and@pmately obtained.

[0029] In the control device for the vehicle, the elestcocontrol unit may be
configured to change the characteristic of the ajosy state of the clutch at the time of the
gear-shift by changing a rate of change of a clitahsmission torque when the operating
state of the clutch is switched with respect tadamtical operation pattern of the clutch
pedal for engagement of the clutch.

[0030] With the configuration, the operating state chiamastic of the clutch at
the time of gear-shift is changed by changing #te of change of the clutch transmission
torque when the operating state of the clutch iscéwd for engagement of the clutch with
respect to an identical operating pattern of thictl pedal for engagement of the clutch.
Hence, the actual travel performance matched ferttéivel performance desired by the
driver is easily and appropriately obtained atttivee of gear-shift.

[0031] A second aspect of the present invention relates ¢ontrol method for a
vehicle. The vehicle includes a transmission ptedli between a power source and

driving wheels, a clutch configured to connect amtonnect a power transmission path
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between the power source and the transmissionytehcactuator configured to switch an
operating state of the clutch, and an electronidrobunit. The control method includes:
outputting, by the electronic control unit, a swittg command to the clutch actuator; and
changing, by the electronic control unit, a chagastic of an operating state of the clutch
with respect to an operation amount of the clut@dgb in accordance with travel
performance desired by a driver. The switching m@amd is a command for switching
the operating state of the clutch based on operafiohe clutch pedal by a driver.

[0032] With the configuration, the characteristic of tbperating state of the
clutch with respect to the operation amount ofdhich pedal, which is used as the basis
of the switching command for switching the opemtstate of the clutch, is changed in
accordance with the travel performance desiredhay driver. This makes it easy to
achieve actual travel performance (for examplejelrperformance such as acceleration
response performance and shock suppression perfoenamatched for the travel

performance desired by the driver. Hence, detatimm in drivability can be suppressed

when the clutch pedal is operated to engage thelclu

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Features, advantages, and technical and indussigthificance of
exemplary embodiments of the invention will be disd below with reference to the
accompanying drawings, in which like numerals derike elements, and wherein:

FIG. 1 is an explanatory view illustrating the sgtatic configuration of a vehicle to
which the present invention is applied, the exgiaryaview illustrating principle parts of a
control function and a control system for variourgds of control in a vehicle;

FIG. 2 illustrates one example of a clutch engagy@ncharacteristic at the time of a
plurality of types of startup in one embodiment;

FIG. 3 is a block diagram illustrating a principadrt of control operation of an
electronic control unit, that is, control operatiom suppressing deterioration in drivability
when a clutch pedal is operated to engage a cldbehblock diagram illustrating one

example in the case where driver's favorite stagapformance is analyzed travel
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FIG. 4 is a block diagram illustrating a princigadrt of the control operation of the
electronic control unit, that is, control operatiom suppressing deterioration in drivability
when the clutch pedal is operated to engage theh;lthe block diagram illustrating one
example in the case where the driver's favoritetigiaperformance is transferred travel
performance information;

FIG. 5 is a block diagram illustrating a princigadrt of the control operation of the
electronic control unit, that is, control operation suppressing deterioration in drivability
when the clutch pedal is operated to engage theh;lthe block diagram illustrating one
example in the case where the driver's favoritetigtaperformance is selected travel
performance information;

FIG. 6 is a flowchart illustrating a principal pasf the control operation of the
electronic control unit, that is, control operation suppressing deterioration in drivability
when the clutch pedal is operated to engage thehclo one embodiment;

FIG. 7 illustrates one example of the clutch ergagnt characteristic at the time of a
plurality of types of startup in an embodiment eli#fint from the embodiment of FIG. 2;

FIG. 8 illustrates one example of a clutch engag@ncharacteristic at the time of a
plurality of types of gear-shift;

FIG. 9 is a block diagram illustrating a princigadrt of the control operation of the
electronic control unit, that is, control operatiom suppressing deterioration in drivability
when the clutch pedal is operated to engage thehglthe block diagram illustrating one
example in the case where driver's favorite gedr-pbrformance is the analyzed travel
performance information;

FIG. 10 is a block diagram illustrating a prindipart of the control operation of the
electronic control unit, that is, control operatiom suppressing deterioration in drivability
when the clutch pedal is operated to engage theh;lthe block diagram illustrating one
example in the case where driver's favorite gedr{garformance is the transferred travel
performance information;

FIG. 11 is a block diagram illustrating a prindipart of the control operation of the
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electronic control unit, that is, control operatiom suppressing deterioration in drivability
when the clutch pedal is operated to engage theh;lthe block diagram illustrating one
example in the case where driver's favorite gedr-pRrformance is the selected travel
performance information; and

FIG. 12 is a flowchart illustrating a principal rpaf the control operation of the
electronic control unit, that is, control operation suppressing deterioration in drivability

when the clutch pedal is operated to engage thetcin an embodiment different from the

embodiment of FIG. 6.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] Hereinbelow, embodiments of the present inventdih be described in
detail with reference to the accompanying drawings.

[0035] FIG. 1 is an explanatory view illustrating the sptatic configuration of a
vehicle 10 to which the present invention is agplithe explanatory view illustrating
principle parts of a control function and a consgétem for various kinds of control in the
vehicle 10. In FIG. 1, the vehicle 10 includeseagine 12 as a power source, driving
wheels 14, and a vehicle drive-train 16 (hereimafeferred to as the drive-train 16)
provided in a power transmission path between tiggne 12 and the driving wheels 14.
The drive-train 16 includes a transmission 18 dtutgtg a part of the power transmission
path between the engine 12 and the driving wheglsa Iclutch 20 configured to connect
and disconnect the power transmission path bettveeangine 12 and the transmission 18,
a clutch actuator 22 configured to switch the ofegastate (the state including an
engagement state, a slip state, and a releas¢ statee clutch 20, a propeller shaft 26
coupled with a transmission output shaft 24 senasgan output rotation member of the
transmission 18, a differential gear 28 couplechwite propeller shaft 26, and a pair of
drive shafts 30 coupled with the differential g&&. In the drive-train 16, the power
(equivalent to torque and force unless otherwisifipd) output from the engine 12 is
transmitted to the driving wheels 14 through theaponent members such as the clutch 20,

the transmission 18, the propeller shaft 26, tifferdintial gear 28, and the drive shaft 30 in
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[0036] The engine 12 is a public-known internal combustmgine, such as a
gasoline engine and a diesel engine. The engirfead2he operating state, including an
intake air amount, a fuel supply amount, and ignititiming, controlled by a
later-described electronic control unit 50, by whan engine torque Te is controlled.

[0037] For example, the transmission 18 is a publiclysangarallel shaft-type
constant-mesh manual transmission including a liyraf pairs of transmission gears
constantly meshed with each other between twoshafh the transmission 18, any one of
forward gear stages (for example, five forward gga backward gear stage (for example,
one backward gear), and neutral is selectively étiny manual operation of a shift lever
32 provided in the vicinity of a driver seat of thehicle 10. Thus, the transmission 18
allows switching of the gear stage by manual opmnat

[0038] For example, the clutch 20 is a publicly-know dingle-plate type
friction clutch. When the later-described electconontrol unit 50 drives the clutch
actuator 22, a release sleeve (not illustratedpased, and an inner end of a diaphragm
spring (not illustrated) is displaced, so that dperating state of the clutch 20 is switched.
The clutch 20 is engaged in the state where tleasel sleeve is not moved by the clutch
actuator 22, and thereby the power transmissioh patween the engine 12 and the
transmission 18 is connected. In the clutch 20emwthe clutch actuator 22 moves the
release sleeve, the release sleeve presses arpami@reral end of the diaphragm spring.
This lowers pressing force of the diaphragm sprimbich lowers a clutch transmission
torque Tcl that can be transmitted by the clutch 20/hen a moving position of the
release sleeve (i.e., a clutch position POScl)lrea@ specified position, the clutch 20 is
released, and the power transmission path betvieeangine 12 and the transmission 18 is
cut off (disconnected). Thus, the clutch 20 isvated so as to be able to connect and
disconnect the power transmission path betweeergae 12 and the transmission 18 (i.e.,
the power transmission path between a crankshadif 3de engine 12 and a transmission
input shaft 36 serving as an input rotation mendfehe transmission 18) upon switching

of the operating state by the clutch actuator 22.
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[0039] The operating state of the clutch 20 can be swidclwhen the
later-described electronic control unit 50 drivé® tclutch actuator 22 based on the
operation of a clutch pedal 38 by a driver. Theat pedal 38 is provided in the vicinity
of the driver seat of the vehicle 10. When thdatiypedal 38 is depressed, the clutch 20
is slipped or released. When depression of th&ltlpedal 38 is released, the clutch
pedal 38 is engaged. The operating state of titelchctuator 22 can be switched when
the electronic control unit 50 drives the clutch #®espective of the operation of the
clutch pedal 38. For example, even when the clpesfal 38 is not depressed, the clutch
20 can be slipped or released when the clutch fet@@ moves the release sleeve. The
clutch actuator 22 is of an electric or hydraulpd. In the clutch 20, the clutch
transmission torque Tcl corresponds to the moviogjtipn of the release sleeve (i.e., the
clutch position POScl) that is variable by openatad the clutch actuator 22. The clutch
20 in a slipped state is the state where the cl@tlyenerates difference rotation while
being engaged.

[0040] The vehicle 10 includes a transmitter-receiver 40. The
transmitter-receiver 40 is a device that commuegatith a center 100 as a device outside
the vehicle 10, the device being an entity othantthe vehicle 10 and independent of the
vehicle 10. The later-described electronic contoit 50 exchanges a variety of
information with the center 100 through the trarttgnireceiver 40. The center 100 has a
function as a server that receives, processesyzuglstores, and provides the variety of
information. The center 100 exchanges the varaétynformation with other vehicles
110a, 110b (referred to as other vehicles 110 anb¢iserwise specified) other than the
vehicle 10, as in the case with the vehicle 10. e dther vehicles 110 basically have the
same function as the vehicle 10.

[0041] The vehicle 10 includes the electronic controlt &ti as a controller that
includes a control device of the vehicle 10 reléwanoperation such as switching control
of the operating state of the clutch 20. The et@it control unit 50 is configured to
include a so-called microcomputer including a CRIRRAM, a ROM, and an input-output

interface, for example. The CPU executes a varadtygontrol of the vehicle 10 by
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performing signal processing in accordance with phegrams prestored in the ROM,
while using a temporary storage function of the RANI'he electronic control unit 50 is
divided into electronic control units (ECUs) suchan engine control ECU and a clutch
control ECU (see, for example, "automatic clutcH.E@lustrated in FIG. 3) as necessary.

[0042] The electronic control unit 50 receives informatguch as various signals
each based on detection values from component nrerabeh as various sensors included
in the vehicle 10. For example, the various sigimatiude an engine speed Ne that is the
speed of the crankshaft 34, a transmission inpeedpNi that is the speed of the
transmission input shaft 36, a transmission ougpged No that is the speed of the
transmission output shaft 24 corresponding to acleelspeed V, an accelerator operation
amountbacc that is an operation amount of an accelergieration member such as an
accelerator pedal, the operation amount indicatiegmagnitude of accelerating operation
of the driver, a throttle valve openifth that is an opening degree of an electronic tierot
valve, a brake-on Bon that is a signal indicatiVeadorake operation state provided by
brake pedal operation performed by the driver terate a wheel brake, a clutch pedal
operation amoun®clp that is an operation amount (depression amoohtiepressing
operation of the clutch pedal 38 by the driver,itoh position POScl that is a moving
position of the release sleeve, a position inforom&vp of the vehicle 10 on a ground or
on a map indicated by a GPS signal and the likeriie travel performance information
(selected travel performance information) Spfmedeld by the driver, and information
(driver identification information) Spsn for idefying an occupant (driver). For example,
the various sensors include an engine speed séfisan input speed sensor 62, an output
speed sensor 64, an accelerator operation amousbrsé6, a throttle valve opening
degree sensor 68, a brake switch 70, a clutch pedalor 72, a clutch position sensor 74, a
vehicle position sensor 76 including a GPS antearteavel performance selector 78, and
an occupant detector 80. The electronic contrdl 20 also outputs information such as
various command signals to each of the componenhbees such as devices each
included in the vehicle 10. For example, the comansignals include an engine control

command signal Se for controlling the engine 12| arlutch control command signal Scl
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as a switching command for switching the operasitage of the clutch 20. For example,
the devices include engine control devices, sucla disrottle actuator, a fuel injection
device, and an ignition device, and the clutch @ctu22. The clutch control command
signal Scl is a command signal for moving the redesleeve that switches the operating
state of the clutch 20 to a target clutch posit@Scl. The clutch control command
signal Scl is output to the clutch actuator 22.

[0043] The travel performance selector 78 is an operatawgce that enables the
driver to select the vehicle travel with travel fpemance desired by the driver (i.e.,
driver's favorite travel performance). The traysrformance includes shock (for
example, shock at the time of engagement of thieltlR0) suppression performance, and
acceleration response (for example, rising of uehiacceleration at the time of
engagement of the clutch 20) performance, for examp Specifically, the travel
performance includes travel performance A emphagizine acceleration response
performance more than the shock suppression peafure; travel performance B
emphasizing the shock suppression performance riane the acceleration response
performance, and travel performance N having bb#h ghock suppression performance
and the acceleration response performance (i.éh, twé shock suppression performance
and the acceleration response performance beiranded). For example, the travel
performance selector 78 is a button, a switch, twuah panel. For example, the travel
performance selector 78 is configured to enablediliner to select any one of "sport”
corresponding to the travel performance A, "conifatbrresponding to the travel
performance B, and "normal" corresponding to tlawdl performance N. Alternatively,
the travel performance selector 78 is configure@rable the driver to select any one of
"sport” corresponding to the travel performance ndl dcomfort" corresponding to the
travel performance B, for example.

[0044] For example, the occupant detector 80 is a setwsaletect a driving
position (such as a driver seat position, a stggyosition, and a mirror surface position of
a rear-view mirror), and/or a device that deteloesihformation stored in a key possessed

by the driver.
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[0045] The electronic control unit 50 includes engine toanmeans that is an
engine control unit 52, clutch control means tlgagaiclutch control unit 54, and inertial
travel control means that is an inertial travel tconunit 56, in order to implement the
control function for a variety of control in thehiele 10.

[0046] The engine control unit 52 calculates a targaeittler valve openin@thtgt
by applying the accelerator operation amobatc to a relation (for example, a throttle
valve opening degree map) between the accelerpgatiton amoundacc and the throttle
valve opening degregth, the relation being obtained (i.e., predetermhjri®gy experiments
or by design and being stored in advance. Thenengbntrol unit 52 performs output
control of the engine 12 by outputting the engirentml command signal Se that
commands such operation as the throttle actuatatriven to obtain the target throttle
valve opening@thtgt or the fuel injection device be operated wradance with a
parameter such as an intake air amount.

[0047] The clutch control unit 54 outputs the clutch cohtommand signal Scl
for switching the operating state of the clutchi®0the clutch actuator 22. Specifically,
the clutch control unit 54 outputs to the clutchuator 22 the clutch control command
signal Scl for switching the operating state of th&ch 20 based on the operation of the
clutch pedal 38 by the driver. For example, thetati control unit 54 outputs to the
clutch actuator 22 the clutch control command di§ahfor controlling the clutch position
POScl so as to achieve the operating state of ltitehc20 corresponding to the clutch
pedal operation amouftlp.

[0048] The clutch control unit 54 can switch the opemgtstate of the clutch 20
by the clutch actuator 22 irrespective of the opencof the clutch pedal 38. For example,
when the clutch pedal operation amo@alp is zero, and the inertial travel control urt 5
executes inertial travel control, the clutch cohtmoit 54 outputs to the clutch actuator 22
the clutch control command signal Scl for contrajlithe clutch position POScl to release
the clutch 20.

[0049] When a predetermined specified start condition diarting the inertial

travel control is established during traveling ihigh any gear stage of the transmission 18
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is formed and the clutch 20 is engaged, the irer@el control unit 56 outputs to the
clutch control unit 54 a command for releasing thech 20, and executes the inertial
travel control. While executing the inertial trbwentrol, the inertial travel control unit
56 outputs to the engine control unit 52 a comnfandtopping operation of the engine 12
by fuel cut that stops fuel supply to the enginedrza command for idle operation of the
engine 12 at idle speed, for example.

[0050] When a predetermined specified termination cowoitior terminating
inertial travel control is established during exemu of the inertial travel control, the
inertial travel control unit 56 outputs to the clutcontrol unit 54 a command for engaging
the clutch 20, and terminates the execution of itmertial travel control. When
terminating the execution of the inertial travehtol, the inertial travel control unit 56
outputs to the engine control unit 52 a commandrforeasing the engine speed Ne so as
to synchronize the engine speed Ne with the trasson input speed Ni, for example.
When a difference speed (= |NeNi|) between the engine speed Ne and the transmiss
input speed Ni becomes less than a specified diffsx speed, the inertial travel control
unit 56 outputs to the clutch control unit 54 a coamd for engaging the clutch 20 by the
clutch actuator 22. Alternatively, when termingtithe execution of the inertial travel
control, the inertial travel control unit 56 maytput to the clutch control unit 54 a
command for engaging the clutch 20 by taking a iipdcengagement time, for example.
This makes it possible to suppress the shock dirtteeof terminating the execution of the
inertial travel control.

[0051] The inertial travel control is the control for fieming inertial traveling in
which the vehicle travels with the clutch 20 berefpased (i.e., inertial travel in which the
vehicle travels with the clutch 20 being releasgdtie clutch actuator 22), when the
vehicle is put in such a traveling state that cauggeration of the engine brake during
traveling with any gear stage of the transmissi8nbging formed. By executing the
inertial travel control during deceleration tramgliwith an accelerator being turned off, a
longer travel distance and an enhanced fuel effftgieare achieved as compared with the

case where the engine brake is operated. On otk Bpping the engine 12 during the
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inertial travel control is more advantageous thariggming idle operation of the engine 12
in the point that the fuel efficiency is enhance@n the other hand, idle operation of the
engine 12 during the inertial travel control is m@dvantageous than stopping the engine
12 in the point that the engine speed Ne risestlywifhen the inertial travel control is
ended.

[0052] For example, the specified start condition is tha vehicle is in a
traveling state including the state where all theeterator pedal, the brake pedal, and the
clutch pedal 38 are not depressed and thereforendé&F state. More specifically, the
specified start condition is that the vehicle isha traveling state including the state where
the accelerator operation amowaicc is zero, the brake-on Bon signal is not outpaod
the clutch pedal operation amouitlp is zero. The specified start condition mayoals
include such conditions as a steering angle irearisty wheel being equal to or below a
specified steering angle, an inter-vehicle distdme®veen the vehicle and another vehicle
ahead being equal to or above a specified distarawarm-up of the engine 12 being
completed, for example. The specified terminatondition is that the vehicle is in a
traveling state that does not satisfy the specifs¢git condition. Examples of the
traveling state include the state where at leastedal out of the accelerator pedal, the
brake pedal, and the clutch pedal 38 is depressddisatherefore in ON state. More
specifically, the specified termination conditiathat the vehicle is in the traveling state
including the state where at least one conditioasisblished out of an accelerator pedal
being turned on (or accelerator being turned orthasaccelerator operation amo@aicc
Is not equal to zero, the brake-on Bon signal bauatput, and the clutch pedal being
turned on as the clutch pedal operation am@aimt is not equal to zero.

[0053] A detailed description is now given of the switdiof the operating state
of the clutch 20 based on the operation of thechlgiedal 38 by the clutch control unit 54.
The clutch control unit 54 outputs to the clutchuator 22 the clutch control command
signal Scl for controlling the clutch position PO8tattain the clutch position POScl that
can provide the operating state (i.e., clutch wassion torque Tcl) of the clutch 20

corresponding to the clutch pedal operation am@alg, with use of the characteristic of
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the operating state of the clutch 20 (also refeteoeds a clutch engagement characteristic)
with respect to the clutch pedal operation amo@afp. For example, the clutch
engagement characteristic is a predetermined oaldinap) between the clutch pedal
operation amountdclp and the clutch transmission torque Tcl. Whée tlutch
engagement characteristic is set uniformly, drsv&avorite travel performance may not be
obtained.

[0054] The clutch control unit 54 changes the clutch gegaent characteristic
used as the basis of the clutch control commanuhkigcl, in accordance with the driver's
favorite travel performance. When the driver'soféte travel performance is the travel
performance A emphasizing the acceleration resppedermance, the clutch control unit
54 changes the clutch engagement characteristis $0 engage the clutch 20 faster, with
respect to the operation of the clutch pedal 38pmed by the driver for engagement of
the clutch 20, than when the driver's favorite étgverformance is the travel performance
B emphasizing the shock suppression performance.

[0055]  The clutch control unit 54 acquires the driveagdrite travel performance,
in order to change the clutch engagement charastein accordance with the driver's
favorite travel performance. For example, the eltg/favorite travel performance to be
acquired is driver's favorite travel performancansferred from the center 100 (i.e.,
driver's favorite travel performance informationraisferred travel performance
information) Spfmt received through the transmitemeiver 40 from the center 100).
Alternatively, the driver's favorite travel perfoamce to be acquired is driver's favorite
travel performance based on the tendency of th@ndrioperation of the driver (i.e.,
driver's favorite travel performance informatiomgé/zed travel performance information)
Spfma analyzed based on tendency of the drivingratppe of the driver by the
later-described information analysis unit 59), fxample. Alternatively, the driver's
favorite travel performance to be acquired is dtsvéavorite travel performance (i.e.,
selected travel performance information Spfms) ctete by the driver with the travel
performance selector 78, for example. The selettadel performance information

Spfms may be driver's favorite travel performamfermation that is selected with use of a
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mobile terminal, communicable with the vehicle 1l gpossessed by a passenger, and that
is transferred to the vehicle 10.

[0056] When the transferred travel performance infornmat®pfmt and the
selected travel performance information Spfms amguied, the clutch control unit 54
changes the clutch engagement characteristic ordacce with the driver's favorite travel
performance selected by the driver. When the aedlytravel performance information
Spfma and the selected travel performance infoona8pfms are acquired, the clutch
control unit 54 changes the clutch engagement ctarstic in accordance with the
driver's favorite travel performance selected lgydhiver. Thus, when a plurality of types
of the driver's favorite travel performance inchuglihe driver's favorite travel performance
selected by the driver are acquired, the clutcragament characteristic is changed with a
priority given to the driver's favorite travel pemnhance selected by the driver.
Accordingly, actual travel performance matchedtlher driver's favorite travel performance
Is obtained more accurately. When the selecteelterformance information Spfms is
not acquired, and the transferred travel perforraantormation Spfmt and the analyzed
travel performance information Spfma are acquitkd,travel performance information to
be prioritized may be determined in accordance vithexample, how much data on the
tendency of the driving operation of the driverascumulated. Specifically, when the
data on the tendency of the driving operation efdhiver is relatively large, the analyzed
travel performance information Spfma is prioritizedVhen the data is relatively small,
the transferred travel performance information Sp#prioritized.

[0057] The function to change the clutch engagement ctexatic will be
described below by exemplifying a clutch engagenohiaracteristic (also referred to as a
startup characteristic) at the time of startup whwen clutch pedal 38 is operated by the
driver for engagement of the clutch 20.

[0058] FIG. 2 illustrates one example of a plurality ofpés of startup
characteristic. In FIG. 2, a solid line illustrate startup characteristic of "normal pattern
N", a broken line illustrates a startup charactierisf "gradient optimization pattern A",

and a two-dot chain line illustrates a startup abgaristic of "gradient optimization pattern
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B". When the clutch pedal 38 is operated by theedifor engagement of the clutch 20
(i.e., during the operation in which a large clupddal operation amou@tlp caused by
release of the clutch 20 is reduced to a smaltblpedal operation amouétlp so as to
achieve engagement of the clutch 20), the clutdalpgperation amourticlp at the start of
increase of the clutch transmission torque Tcl,(thee clutch pedal operation amo@otp
at the start of switching of the operating statéhef clutch 20 for engagement of the clutch
20) is the same in all the startup characteristidbe respective patterns. As for a clutch
operation range at the time of engagement, "altlaperation range A" corresponding to
“the gradient optimization pattern A" has a shdrtasge, "a clutch operation range B"
corresponding to "the gradient optimization pattBfnhas a longest range, and "a clutch
operation range N" corresponding to "the normatgoatN" has a range between "the
clutch operation range A" and "the clutch operatiamge B." The clutch operation range
at the time of engagement is the operation rangaeotlutch pedal 38 required to switch
the operating state of the clutch 20 for engagemétte clutch 20 (i.e., the range where
the clutch actuator 22 actually operates when theeidoperates the clutch pedal 38 for
engagement of the clutch 20) in one clutch pedakst(i.e., in a largest stroke that can
operate the clutch pedal 38). Therefore, as fer gradient (absolute value) after the
clutch transmission torque Tcl starts to incredde gradient optimization pattern A" has a
largest gradient, "the gradient optimization patt&" has a smallest gradient, and "the
normal pattern N" has a gradient between "the gradbptimization pattern A" and the
"gradient optimization pattern B."

[0059] When the clutch 20 is engaged, a larger vehicleelatation can be
obtained as the clutch transmission torque Tclamgdr. Accordingly, the startup
characteristic illustrated by "the gradient optiatian pattern A" is the startup
characteristic suitable when the travel performadesired by the driver at the time of
startup (also referred to as driver's favoritetafaperformance) is the travel performance
A emphasizing the acceleration response performandéen the clutch 20 is engaged,
the shock at the time of engaging the clutch 2fbissidered to be suppressed more as the

gradient (absolute value) after the clutch transmrs torque Tcl starts to increase is
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smaller. Therefore, the startup characteristigsiiated by "the gradient optimization
pattern B" is the startup characteristic suitableem the driver's favorite startup
performance is the travel performance B emphasitiegshock suppression performance.
The startup characteristic illustrated by "the nalrpattern N" is the startup characteristic
suitable when the driver's favorite startup perfance is the travel performance N having
well-balanced performance. Thus, the startup cibamatics of the present embodiment
are the clutch engagement characteristics focusinghe acceleration response and the
suppression of shock at the time of startup.

[0060] The clutch control unit 54 calculates the clutdmtcol command signal
Scl output to the clutch actuator 22 with use o€ thtartup characteristic (clutch
engagement characteristic at the time of startugiatsle for the driver's favorite startup
performance at the time of startup. In short,dlséch control unit 54 changes the startup
characteristic in accordance with the driver's fagostartup performance. The clutch
control unit 54 changes the startup charactermstichanging the clutch operation range at
the time of engagement, for example (see FIG. 2).

[0061] In order to implement the control function to cpanthe clutch
engagement characteristic in accordance with thvers favorite travel performance, the
electronic control unit 50 further includes stageagnition means that is a state recognition
unit 58, and information analysis means that i;wéarmation analysis unit 59.

[0062] The state recognition unit 58 identifies the drieé the vehicle 10 based
on data such as driver identification informatiges® from the occupant detector 80. The
state recognition unit 58 also determines whetltenad the information on the driver's
favorite travel performance acquired by the clutohtrol unit 54 is available. The state
recognition unit 58 also determines whether orthetinformation on the driver's favorite
travel performance selected by the driver (i.ee,gblected travel performance information
Spfms) is available.

[0063] The information analysis unit 59 analyzes the eafts/ favorite travel
performance based on the tendency of the drivirgyagn of the driver. Examples of

the tendency of the driving operation of the drirezlude a rate of change of the clutch
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pedal operation amouBtlp when the driver operates the clutch pedal 3&fmagement
of the clutch 20, a magnitude and a rate of chafdglee accelerator operation amo@atc
when the clutch pedal 38 is operated, a vehicledpé when the clutch pedal 38 is
operated, and a magnitude and a rate of chandeedaddcelerator operation amou@atcc
after the clutch pedal 38 is operated. The infagilmnaanalysis unit 59 collects the
tendency of the driving operation of the driverdatores the data on the tendency of the
driving operation in a nonvolatile memory and tike.! The information analysis unit 59
analyzes the driver's favorite travel performanasell on the data on the tendency of the
driving operation, and obtains analyzed travel grenfince information Spfma. When,
for example, the rate of change of the accelemgperation amourfiacc is relatively fast,
the information analysis unit 59 sets the drivéatgorite travel performance to the travel
performance A emphasizing the acceleration resppes®rmance. When the rate of
change of the accelerator operation am®awt is relatively slow, the information analysis
unit 59 sets the driver's favorite travel perforceanto the travel performance B
emphasizing the shock suppression performance.

[0064] FIG. 3 is a block diagram illustrating a principgart of the control
operation of the electronic control unit 50, thsit the control operation for suppressing
deterioration in drivability when the clutch ped®d is operated to engage the clutch 20,
the block diagram illustrating one example in tlasecwhere the driver's favorite startup
performance is the analyzed travel performanceammétion Spfma. In FIG. 3, in a block
(hereinafter a term "block"™ is omitted) B10 corresgding to the function of the
information analysis unit 59, the tendency of thgidg operation of the driver is collected,
and the collected data on the tendency of the rdyigperation is stored in a nonvolatile
memory and the like. In B12 corresponding to thwecfion of the information analysis
unit 59, driver's favorite startup performance malgzed based on the stored data on the
tendency of the driving operation to obtain thelyaed travel performance information
Spfma. In B50 corresponding to the function of thetch control unit 54 (automatic
clutch ECU), the driver's favorite startup perfonoa (the analyzed travel performance

information Spfma) is acquired, and the clutch gegaent characteristic at the time of
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startup (startup characteristic) is changed in @@we with the analyzed travel
performance information Spfma. At the time of stprwhen the clutch pedal 38 is
operated for engagement of the clutch 20, the lelotmtrol command signal Scl based on
the clutch pedal operation amowdp, calculated with the startup characteristiQugput
to the clutch actuator 22. Hence, target startagopmance matched for the driver's
favorite startup performance is achieved. In thleicle 10, the automatic clutch ECU and
the clutch actuator 22 constitute an automaticchlgtystem.

[0065] FIG. 4 is a block diagram illustrating a principgart of the control
operation of the electronic control unit 50, thsit the control operation for suppressing
deterioration in drivability when the clutch ped®d is operated to engage the clutch 20,
the block diagram illustrating one example in tlasecwhere the driver's favorite startup
performance is the transferred travel performanéerination Spfmt. In FIG. 4, in B20
corresponding to the function of the center 10fjrmation including past driving history,
sex, and age of each driver in the vehicle 10 oth& other vehicles 110 is collected
through communication, and the information is doas big data. Examples of the past
driving history of the driver include the rate dfange of the clutch pedal operation
amountBclp, the magnitude and the rate of change of tloelaator operation amount
Bacc, and the vehicle speed V, which are assocwitddthe position information of each
vehicle. In B22 corresponding to the function bé tcenter 100, the driver's favorite
startup performance of the vehicle 10 is analyzeskt on the stored big data to obtain the
transferred travel performance information SpfmEor example, the driver's favorite
startup performance of the vehicle 10 is analyzasetl on the position of the driving
history of the driver of the vehicle 10 in the dnig history of the big data. More
specifically, when the driving history of the drnivef the vehicle 10 is close to the driving
history emplacing the acceleration response pedoo®, the driver's favorite travel
performance is set to the travel performance A asping the acceleration response
performance. When the driving history of the driwdé the vehicle 10 is close to the
driving history emphasizing the shock suppressieriopmance, the driver's favorite travel

performance is set to the travel performance B eawsiging the shock suppression
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performance. In B50 corresponding to the functmihthe clutch control unit 54
(automatic clutch ECU), the driver's favorite startperformance (transferred travel
performance information Spfmt) is acquired throeginmunication (for example, through
connected technology which allows communicationveen the center 100 and the vehicle
10). The clutch engagement characteristic atithe of startup (startup characteristic) is
changed in accordance with the transferred tragbpmance information Spfmt. At the
time of startup, the clutch control command sigdell based on the clutch pedal operation
amountBclp, calculated with the startup characteristiopugput to the clutch actuator 22.
Hence, target startup performance matched for tiverts favorite startup performance is
achieved.

[0066] FIG. 5 is a block diagram illustrating a principgart of the control
operation of the electronic control unit 50, thst the control operation for suppressing
deterioration in drivability when the clutch ped&d is operated to engage the clutch 20,
the block diagram illustrating one example in tlasecwhere the driver's favorite startup
performance is the selected travel performancernmition Spfms. In FIG. 5, in B30
corresponding to the function of an operating de\ifor example, travel performance
selector 78) or a mobile terminal, the driver'sofide startup performance selected by the
driver is received. In B50 corresponding to thaction of the clutch control unit 54
(automatic clutch ECU), the driver's favorite gaiartperformance (selected travel
performance information Spfms) is acquired from ttevel performance selector 78 or
through communication (for example, connected teldgy that allows communication
between the mobile terminal and the vehicle 10)he Glutch engagement characteristic at
the time of startup (startup characteristic) isngel in accordance with the selected travel
performance information Spfms. At the time of &tpr the clutch control command
signal Scl based on the clutch pedal operation am@clp, calculated with the startup
characteristic, is output to the clutch actuator 2Blence, target startup performance
matched for the driver's favorite startup perforo®ais achieved.

[0067] FIG. 6 is a flowchart illustrating a principal parf the control operation of

the electronic control unit 50, that is, controleogtion for suppressing deterioration in
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drivability when the clutch pedal 38 is operate@mngage the clutch 20. The flow chart is
repeatedly executed, for example.

[0068] In FIG. 6, first in step (hereinafter a term "stels skipped) S10
corresponding to the function of the state recaogmitinit 58, it is determined whether or
not the information on the driver's favorite startperformance is available. When
negative determination is made in S10, the stacthgracteristic of "normal pattern N"
suitable the travel performance N having well-be&th performance is set as the clutch
engagement characteristic at the time of starttgst(g characteristic), the current startup
characteristic is maintained in S20 correspondinthé function of the clutch control unit
54. When positive determination is made in S1Qs itletermined whether or not the
information on the favorite startup performanceestdd by the driver (selected travel
performance information Spfms) is available in $80responding to the function of the
state recognition unit 58. When positive deterriamais made in S30, the startup
characteristic is changed in accordance with thecte travel performance information
Spfms in S40 corresponding to the function of thetct control unit 54. In short,
optimum startup characteristic corresponding to thelected travel performance
information Spfms is set. When negative deternomais made in S30, the startup
characteristic is changed in accordance with therfee startup performance information
(the transferred travel performance informationnsipdr the analyzed travel performance
information Spfma) based on the result of analysiS50 corresponding to the function of
the clutch control unit 54. In short, optimum #i@r characteristic corresponding to the
transferred travel performance information Spfmttoe analyzed travel performance
information Spfma is set.

[0069] As described in the foregoing, according to thespnt embodiment, the
clutch engagement characteristic used as the lodisise switching command (clutch
control command signal Scl) for switching the opiegstate of the clutch 20 is changed
in accordance with the driver's favorite travelfpanance. This makes it easy to achieve
actual travel performance (for example, travel @enlance such as the acceleration

response performance and the shock suppressioorparice) matched for the driver's
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favorite travel performance. Hence, deterioraiiomrivability can be suppressed when
the clutch pedal 38 is operated to engage thelckc

[0070] According to the present embodiment, the starto@racteristic (clutch
engagement characteristic at the time of starsiphanged in accordance with the driver's
favorite startup performance. This makes it easydhieve actual travel performance
matched for the driver's favorite startup perforoeaat the time of startup.

[0071] When the driver's favorite travel performancehis travel performance A
emphasizing the acceleration response performameelutch control unit 54 changes the
clutch engagement characteristic so as to engageltitcch 20 faster with respect to the
operation of the clutch pedal 38 for engagemenhefclutch 20 than when the driver's
favorite travel performance is the travel perforeaB emphasizing the shock suppression
performance. Accordingly, the actual travel parfance matched for the driver's favorite
travel performance is easily obtained. Hence, rawtgion in drivability can be
suppressed when the clutch pedal 38 is operatedgage the clutch 20.

[0072] According to the present embodiment, the drivddsorite travel
performance is one of the driver's favorite trgetformance transferred from the center
100 (transferred travel performance information n&pf the driver's favorite travel
performance based on the tendency of the driviregadjwn of the driver (analyzed travel
performance information Spfma), and the drivenefde travel performance selected by
the driver (selected travel performance informat®pfms). Accordingly, the actual
travel performance matched for the driver's faeottavel performance is easily and
appropriately obtained.

[0073] According to the present embodiment, when the sfeared travel
performance information Spfmt and the selectedetrperformance information Spfms are
acquired, or when the analyzed travel performanéermation Spfma and the selected
travel performance information Spfms are acquitied,clutch engagement characteristic is
changed in accordance with the driver's favoriawet performance selected by the driver.
Accordingly, the actual travel performance matched the driver's favorite travel

performance is easily and appropriately obtained.
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[0074] According to the present embodiment, the starhgvacteristic is changed
when the clutch operation range at the time of gageent is changed. Hence, at the time
of startup, the actual startup performance matcfeedthe driver's favorite startup
performance is easily and appropriately obtained.

[0075] A description is now given of other embodimentshaf present invention.
In the following description, component members dammon with those in the
embodiments are designated by identical refereigos $0 omit the description thereof.

[0076] In the first embodiment, as illustrated in FIGti2Ze clutch control unit 54
changes the clutch operation range at the timenghgement so as to change the clutch
engagement characteristic at the time of starttgrt(® characteristic). In the present
embodiment, the clutch control unit 54 changesstiaetup characteristic by changing the
clutch pedal operation amoudtlp (also referred to as a clutch operation stamtpat the
time of engagement) at the start of switching tiperating state of the clutch 20 for
engagement of the clutch 20.

[0077] FIG. 7 illustrates one example of a plurality ofpés of startup
characteristics in an embodiment different from énebodiment of FIG. 2. In FIG. 7, a
solid line illustrates a startup characteristiCrafrmal pattern N", a broken line illustrates a
startup characteristic of "meeting point optimiaatipattern A", and a two-dot chain line
illustrates a startup characteristic of "meetingnp@ptimization pattern B". In all the
patterns, the length of the clutch operation raagéhe time of engagement is the same
when the driver operates the clutch pedal 38 fgagament of the clutch 20. That is,
"the clutch operation range A", "the clutch operatrange B", and "the clutch operation
range N" have the same length. As for a clutchragpmen start point at the time of
engagement, "the clutch pedal operation range Aresponding to "the meeting point
optimization pattern A" has a largest start poltite clutch pedal operation range B"
corresponding to "the meeting point optimizatiottgra B" has a smallest start point, and
“the clutch pedal operation range N" correspondingthe normal pattern N" has the start
point between "the clutch pedal operation rangeaAd "the clutch pedal operation range

B."
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[0078] As the clutch operation start point at the timeenfilagement with respect
to the operation of the clutch pedal 38 for engag@nof the clutch 20 is larger, the clutch
transmission torque Tcl rises at an earlier stasulting in quicker startup. Therefore,
the startup characteristic illustrated by "the nmgepoint optimization pattern A" is the
startup characteristic suitable when the drivexiefite startup performance is the travel
performance (for example, the travel performanceti#gt emphasizes the acceleration
response performance the most. The startup cleastct illustrated by "the normal
pattern N" is the startup characteristic suitablaemv the driver's favorite startup
performance is the travel performance (for examplayvel performance N) that
emphasizes the acceleration response performancsonee extent. The startup
characteristic illustrated by "the meeting pointtimization pattern B" is the startup
characteristic suitable when the driver's favord@artup performance is the travel
performance (for example, the travel performance tlBgt does not emphasize the
acceleration response performance. Thus, theuptasharacteristics of the present
embodiment are the clutch engagement charactsridcusing on the acceleration
response at the time of startup.

[0079] As described in the foregoing, according to thespnt embodiment, the
actual travel performance matched for the driviensrite travel performance can easily be
obtained as in the first embodiment. Hence, dertation in drivability can be suppressed
when the clutch pedal 38 is operated to engageltieh 20.

[0080] According to the present embodiment, the starhgracteristic is changed
when the clutch operation start point at the tihergagement is changed. Hence, at the
time of startup, the actual startup performancecheat for the driver's favorite startup
performance is easily and appropriately obtained.

[0081] In the first and second embodiments, the functmrchange the clutch
engagement characteristic has been described hypéikgng the clutch engagement
characteristic at the time of startup (i.e., sfartoharacteristic). In the present
embodiment, the function to change the clutch eegeant characteristic will be described

by exemplifying a clutch engagement characterigtilso referred to as a gear-shift
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characteristic) at the time of gear-shift of thrensmission 18 when the driver operates the
clutch pedal 38 for engagement of the clutch 2@roher to switch the gear stage of the
transmission 18.

[0082] FIG. 8 illustrates one example of a plurality ofpés of gear-shift
characteristics. In FIG. 8, the clutch pedal openaamountBclp marks a maximum
value when the clutch pedal 38 is depressed thé afies the start of the operation of the
clutch pedal 38. The clutch pedal operation am@ulg then reduces and becomes zero
at the end of the clutch operation when the demmess the clutch pedal 38 is released
completely. A solid line illustrates a gear-shsfiaracteristic of "normal pattern N", a
broken line illustrates a gear-shift characterisfiCoptimization pattern A", and a two-dot
chain line illustrates a gear-shift characterisficoptimization pattern B". As illustrated
in FIG. 8, each of the characteristics represemgs characteristics of the clutch
transmission torque Tcl in an identical operatirgtgrn of the clutch pedal 38 when the
clutch pedal operation amouBtlp is changed (i.e., modes of change in the clutch
transmission torque Tcl when the operating statethef clutch 20 are switched for
engagement of the clutch 20). In the gear-shifiratteristics, as in "the normal N", the
rise characteristic of the clutch transmission terdcl can be set such that the clutch 20 is
completely engaged after the end of the clutch aifmer instead of the clutch 20 being
completely engaged at the end of the clutch operatiThis makes it possible to suppress
engagement shock (for example, shock at the tingeaf-shift operation (also referred to
as gear-shift shock)) of the clutch 20 with resgediast operation of the clutch pedal 38.
However, slowing the increase in clutch transmisdiorque Tcl leads to a decrease in
vehicle acceleration (i.e., acceleration respoosthé operation of the clutch pedal 38).
Each gear-shift characteristic in FIG. 8 is setamsideration of the acceleration response
performance and the shock suppression performance.

[0083] Specifically, in the gear-shift characteristicigtrated by "the optimization
A", increase in the clutch transmission torque i$dhe fastest, and the torque is quickly
transmitted. Accordingly, using the gear-shift retderistic can enhance the acceleration

response (acceleration response). Therefore, ¢he-ghift characteristic illustrated by
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"the optimization A" is the gear-shift charactadstuitable when the travel performance
desired by the driver at the time of gear-shifs¢aleferred to as driver's favorite gear-shift
characteristic) is the travel performance A emptiagi the acceleration response
performance. In the gear-shift characteristicsillated by "the optimization B", increase
in the clutch transmission torque Tcl is the slawasd the torque is transmitted slowly.
Accordingly, using the gear-shift characteristiduees the gear-shift shock. Therefore,
the gear-shift characteristic illustrated by "thetimization B" is the gear-shift
characteristic suitable when the driver's favorgartup performance is the travel
performance B emphasizing the shock suppressioforpgance. In the gear-shift
characteristic illustrated by "normal N", increaeethe clutch transmission torque Tcl is
between "the optimization A" and the "optimizati®h Accordingly, using the gear-shift
characteristic can balance the acceleration regpand the reduction of gear-shift shock.
Therefore, the gear-shift characteristic illustdatey "the normal pattern N" is the
gear-shift characteristic suitable when the drs/&vorite startup performance is the travel
performance N having well-balanced performance. usTthe gear-shift characteristics of
the present embodiment are the clutch engagemeataatieristics focusing on the
acceleration response and the suppression of stidbk time of gear-shift.
[0084] The clutch control unit 54 calculates the clutdmtcol command signal

Scl output to the clutch actuator 22 with use o tpear-shift characteristic (clutch
engagement characteristic at the time of gear)shkifitable for the driver's favorite
gear-shift performance at the time of gear-shitiheftransmission 18. In short, the clutch
control unit 54 changes the gear-shift charactenstaccordance with the driver's favorite
gear-shift performance. The clutch control unitcbénges the gear-shift characteristic by
changing the rate of change in the clutch transons®rque Tcl when the operating state
of the clutch 20 is switched for engagement of ¢huech 20 with respect to an identical
operating pattern of the clutch pedal 38 for engeayg of the clutch 20 (see FIG. 8).
Changing the rate of change in the clutch transoms®rque Tcl when the operating state
of the clutch 20 is switched for engagement of ¢hech 20 is changing the operating

speed of the clutch actuator 22 when the clutcls 2ligaged, for example.
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[0085] FIG. 9 is a block diagram illustrating a principgart of the control
operation of the electronic control unit 50, thst the control operation for suppressing
deterioration in drivability when the clutch ped®d is operated to engage the clutch 20,
the block diagram illustrating one example in theecwhere the driver's favorite gear-shift
performance is the analyzed travel performancerimédion Spfma. In FIG. 9, in B110
corresponding to the function of the informatioralgsis unit 59, the tendency of the
driving operation of the driver is collected, aie tcollected data on the tendency of the
driving operation is stored in a nonvolatile memand the like. In B112 corresponding
to the function of the information analysis unit,5%e driver's favorite gear-shift
performance is analyzed based on the stored datiaeciendency of the driving operation
to obtain the analyzed travel performance infororapfma. In B150 corresponding to
the function of the clutch control unit 54 (autormatlutch ECU), the driver's favorite
gear-shift performance (the analyzed travel peréoroe information Spfma) is acquired,
and the clutch engagement characteristic at the afhgear-shift (gear-shift characteristic)
iIs changed in accordance with the analyzed tragdbpmance information Spfma. At
the time of gear-shift when the clutch pedal 38gsrated for engagement of the clutch 20,
the clutch control command signal Scl based oncthteh pedal operation amouétlp,
calculated with the gear-shift characteristic, igpait to the clutch actuator 22. Hence,
target gear-shift performance matched for the deviavorite gear-shift performance is
achieved.

[0086] FIG. 10 is a block diagram illustrating a prindigsart of the control
operation of the electronic control unit 50, thst the control operation for suppressing
deterioration in drivability when the clutch ped&d is operated to engage the clutch 20,
the block diagram illustrating one example in theecwhere the driver's favorite gear-shift
performance is the transferred travel performanta&ination Spfmt. In FIG. 10, in B120
corresponding to the function of the center 10fjrmation including past driving history,
sex, and age of each driver in the vehicle 10 eratimer vehicles 110 is collected through
communication, and the information is stored asdaita. In B122 corresponding to the

function of the center 100, the driver's favoriesagshift performance of the vehicle 10 is



10

15

20

25

TSN201702515SG00
TFN170324-SG
31

analyzed based on the stored big data to obtaintrdmesferred travel performance
information Spfmt. For example, the driver's faiergear-shift performance of the
vehicle 10 is analyzed based on the position ofdiigng history of the driver of the
vehicle 10 in the driving history of the big datdn B150 corresponding to the function of
the clutch control unit 54 (automatic clutch ECUhe driver's favorite gear-shift
performance (transferred travel performance infdiona Spfmt) is acquired through
communication (for example, through connected teldgy which allows communication
between the center 100 and the vehicle 10). Tietclengagement characteristic at the
time of gear-shift (gear-shift characteristic) lsanged in accordance with the transferred
travel performance information Spfmt. At the tinoé gear-shift, the clutch control
command signal Scl based on the clutch pedal aperamountdclp, calculated with the
gear-shift characteristic, is output to the clutttuator 22. Hence, target gear-shift
performance matched for the driver's favorite gaaift performance is achieved.

[0087] FIG. 11 is a block diagram illustrating a prindigsart of the control
operation of the electronic control unit 50, thgt the control operation for suppressing
deterioration in drivability when the clutch ped&d is operated to engage the clutch 20,
the block diagram illustrating one example in theecwhere the driver's favorite gear-shift
performance is the selected travel performancernmdtion Spfms. In FIG. 11, in B130
corresponding to the function of a component mensueh as the travel performance
selector 78 or a mobile terminal, the driver's féteogear-shift performance selected by the
driver is received. In B150 corresponding to thaction of the clutch control unit 54
(automatic clutch ECU), the driver's favorite gehift performance (selected travel
performance information Spfms) is acquired fromogerating device (for example, the
travel performance selector 78) or through commatioa (for example, connected
technology that allows communication between thditeaderminal and the vehicle 10).
The clutch engagement characteristic at the timgeaf-shift (gear-shift characteristic) is
changed in accordance with the selected travebpeence information Spfms. At the
time of gear-shift, the clutch control command sig®cl based on the clutch pedal

operation amounficlp, calculated with the gear-shift characterisscoutput to the clutch
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actuator 22. Hence, target gear-shift performama@ched for the driver's favorite
gear-shift performance is achieved.

[0088] FIG. 12 is a flowchart illustrating a principalrpaf the control operation
of the electronic control unit 50, that is, contoperation for suppressing deterioration in
drivability when the clutch pedal 38 is operate@mngage the clutch 20. The flow chart is
repeatedly executed, for example. FIG. 12 illussaan embodiment different from the
embodiment of FIG. 6.

[0089] In FIG. 12, first in SB10 corresponding to the dtion of the state
recognition unit 58, it is determined whether ot tiee information on the driver's favorite
gear-shift performance is available. When negatiggermination is made in SB10, the
gear shift characteristic of "normal pattern N'tabie for the travel performance N having
well-balanced performance is set as the clutch ggmgant characteristic at the time of
gear-shift (gear-shift characteristic), or the eatrgear-shift characteristic is maintained in
SB20 corresponding to the function of the clutchntoa unit 54. When positive
determination is made in SB10, it is determined tiwade or not the information on the
favorite gear-shift performance selected by theveadri(selected travel performance
information Spfms) is available in SB30 correspogdito the function of the state
recognition unit 58. When positive determinatia made in SB30, the gear-shift
characteristic is changed in accordance with thects travel performance information
Spfms in SB40 corresponding to the function of dhe&ch control unit 54. In short,
optimum gear-shift characteristic corresponding the selected travel performance
information Spfms is set. When negative deternonais made in SB30, the gear-shift
characteristic is changed in accordance with theorfee gear-shift performance
information (the transferred travel performanceoinfation Spfmt or the analyzed travel
performance information Spfma) based on the redudinalysis in SB50 corresponding to
the function of the clutch control unit 54. In shooptimum gear-shift characteristic
corresponding to the transferred travel performainéermation Spfmt or the analyzed
travel performance information Spfma is set.

[0090] As described in the foregoing, according to thespnt embodiment, the
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actual travel performance matched for the driverierite travel performance is easily
obtained as in the first embodiment. Hence, detation in drivability can be suppressed
when the clutch pedal 38 is operated to engageltieh 20.

[0091] According to the present embodiment, the geat-shiiracteristic (clutch
engagement characteristic at the time of gear-shithe transmission 18) is changed in
accordance with the driver's favorite gear-shitirelcteristic performance. This makes it
easy to achieve actual gear-shift performance radtébr the driver's favorite gear-shift
performance at the time of gear shift.

[0092] According to the present embodiment, the geat-sthfracteristic is
changed by changing the rate of change of the ltltramsmission torque Tcl when the
operating state of the clutch 20 is switched fayagement of the clutch 20 with respect to
an identical operating pattern of the clutch pe8@lfor engagement of the clutch 20.
Therefore, the actual gear-shift performance matdioe the driver's favorite gear-shift
performance is easily obtained at the time of gbdt-

[0093] Although the embodiments of the present inveniiave been described in
detail based on the drawings, the present invemsiaiso applied to other modes.

[0094] For example, in the aforementioned embodiments, ¢lutch 20 is
controlled with use of the startup characterisfi¢-65. 2 or FIG. 7 at the time of startup,
whereas at the time of gear-shift, the clutch 2@astrolled with use of the gear-shift
characteristic of FIG. 8 which is different fromettstartup characteristic. That is, the
clutch control unit 54 changes the startup charatie and the gear-shift characteristic
different from the startup characteristic. Henttes actual travel performance matched
for the driver's favorite travel performance isigasbtained depending on the situations,
such as at the time of startup, and at the tingeaf-shift.

[0095] In the embodiments, the clutch 20 may be conuloleth use of the
startup characteristic of FIG. 2 or FIG. 7 at tineetof gear-shift.  Alternatively, the clutch
20 may be controlled with use of the gear-shiftrabgeristic of FIG. 8 at the time of
startup. Alternatively, when the operating spekthe clutch pedal 38 (rate of change in

the clutch pedal operation amouadp) is relatively high, the clutch 20 may be cofigd
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with use of the gear-shift characteristic of FIGwBereas when the operating speed of the
clutch pedal 38 is relatively low, the clutch 20ym=ze controlled with use of the startup
characteristic of FIG. 2 or FIG. 7.

[0096] In the aforementioned embodiments, the pluralityypes of the startup
characteristics as illustrated in FIG. 2 or FIGaiid the plurality of types of the gear-shift
characteristics as illustrated in FIG. 8 have beremplified as the clutch engagement
characteristic. Each of the clutch engagementacharistics is merely an example, and
the modes of change in the clutch transmissiorutiig! in each of the clutch engagement
characteristics, the timing at which the clutcmsmission torque Tcl rises, and the number
of types of the clutch engagement characteristostake a variety of modes.

[0097] In the embodiments, the relation (map) as illusttan FIG. 2 or FIG. 7
were exemplified as the startup characteristic,thedelation (map) as illustrated in FIG. 8
was exemplified as the gear-shift characteristidowever, the gear-shift characteristic is
not limited to the modes disclosed. For examples not necessary to have the maps as
in FIGS. 2, 7, and 8 as the clutch engagement ctarstic (the startup characteristic,
gear-shift characteristic). When controlling thetch 20, the clutch control unit 54 may
output to the clutch actuator 22 the clutch contamhmand signal Scl which is calculated
based on the clutch pedal operation amdolp so as to be matched for the driver's
favorite travel performance without use of the map® such configuration, the clutch
control unit 54 ends up changing the clutch engaggroharacteristic used as the basis of
the clutch control command signal Scl in accordanath the driver's favorite travel
performance.

[0098] In the embodiments, the center 100 analyzes tiwertr favorite travel
performance (startup performance, gear shift perémice) of the vehicle 10 based on the
stored big data. However, the present inventionas limited to the mode disclosed.
For example, the vehicle 10 may acquire necesséoynation from the big data stored in
the center 100 through communication (for examptmnected technology), and may
analyze the driver's favorite travel performanceedlaon the information. That is,

processes to be conducted in the vehicle 10 armkgses to be conducted in the center 100
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may be conducted in any one of the vehicle anad¢iméer 100 except for the processes that
can be conducted only in one of the vehicle 10taedcenter 100.

[0099] In the embodiments, the methods for acquiringdiieer's favorite travel
performance were exemplified as illustrated in FIG$0 5 and FIGS. 9to 11. However,
the method for acquiring the driver's favorite ghperformance is not limited to the
methods disclosed. The driver's favorite travefgyenance may be obtained by some
other methods.

[0100] In the embodiments, the driver of the vehicle 1&yrbe identified with a
technology such as biometrics, or the driver of #ahicle 10 may be identified by
selecting the driver out of a pre-registered drhstr

[0101] In the embodiments, the vehicle 10 may includeration to encourage
the driver to select the driver's favorite traverfprmance with the travel performance
selector 78.

[0102] In the embodiments, the clutch 20 is a dry simgjége type friction clutch.
However, the clutch 20 may be a wet single-plape tiriction clutch or a wet multiplate
friction clutch.

[0103] In the embodiments, the engine 12 was exemplifiedh power source.
However, as the power source, another motor suem &fectric motor may be adopted in
combination with the engine 12.

[0104] The embodiments disclosed are merely example eimieodls, and the
present invention may be carried out in modes tachvtvarious arrangements and

modifications are applied based on the knowledgeasde skilled in the art.
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CLAIMS

1. A control device for a vehicle (10), the vehi¢lLO) including a transmission (18)
provided between a power source (12) and drivingedh(14), a clutch (20) configured to
connect and disconnect a power transmission pdthela the power source (12) and the
transmission (18), and a clutch actuator (22) caméd to switch an operating state of the
clutch (20),

the control device characterized by comprising:

an electronic control unit (50) configured to outu switching command to the
clutch actuator (22), the switching command beingpemmmand to switch the operating
state of the clutch (20) based on operation otiecklpedal (38) by a driver, wherein

the electronic control unit (50) configured to Bha a characteristic of the operating
state of the clutch (20) with respect to an operaamount of the clutch pedal (38) in

accordance with travel performance desired by thed

2. The control device for the vehicle (10) accogdio claim 1, wherein
the electronic control unit (50) is configured tbaoge the characteristic of the

operating state of the clutch (20) at a time oftsfaof the vehicle (10).

3. The control device for the vehicle (10) accogdio claim 1 or 2, wherein
the electronic control unit (50) is configured tbaoge the characteristic of the

operating state of the clutch (20) at a time ofrgdft of the transmission (18).

4. The control device for the vehicle (10) accogdio claim 1, wherein

the electronic control unit (50) is configured dbange a first characteristic and a
second characteristic, the first characteristiodpe characteristic of the operating state of
the clutch (20) at a time of startup of the vehid®), the second characteristic being a
characteristic of the operating state of the clu{@B) at a time of gear-shift of the

transmission (18), the first characteristic beirftecent from the second characteristic.
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5. The control device for the vehicle (10) accogdio any one of claims 1 to 4,
wherein

the electronic control unit (50) is configured ¢bange the characteristic of the
operating state of the clutch (20) such that whenttavel performance desired by the
driver is a first travel performance, the clutcD)ds engaged faster with respect to
operation of the clutch pedal (38) than when theel performance desired by the driver is
a second travel performance, and

the first travel performance is travel performaeogphasizing acceleration response
performance, while the second travel performancerasel performance emphasizing

shock suppression performance.

6. The control device according to any one ofrafal to 5, wherein
the travel performance desired by the driver ivdrgerformance desired by the
driver that is received by the electronic controit(50) from a device (100) outside the

vehicle (10).

7. The control device according to any one ofnatall to 6, wherein
the travel performance desired by the driver isaael performance desired by the

driver that is based on a tendency of a drivingafen of the driver.

8. The control device according to any one ofnafall to 7, wherein
the travel performance desired by the driver isaael performance desired by the

driver that is selected by the driver.

9. The control device according to any one ofnaall to 5, wherein
the electronic control unit (50) is configured tbaoge the characteristic of the
operating state of the clutch (20) in accordandé e travel performance desired by the

driver that is selected by the driver when the teteic control unit (50) receives travel
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performance desired by the driver that is receivedh a device (100) outside the vehicle

(10) and travel performance desired by the drikat is selected by the driver.

10. The control device according to any one ahtéal to 5, wherein

the electronic control unit (50) is configured ¢bange the characteristic of the
operating state of the clutch (20) in accordandd Wie travel performance desired by the
driver that is selected by the driver when the teteic control unit (50) receives travel
performance desired by the driver that is based tandency of driving operation of the

driver and travel performance desired by the drikat is selected by the driver.

11. The control device according to claim 2 owherein

the electronic control unit (50) is configured ¢bange the characteristic of the
operating state of the clutch (20) at the timehef $tartup by changing an operation range
of the clutch pedal (38) required to switch the rapiag state of the clutch (20) for

engagement of the clutch (20).

12. The control device according to claim 2 owHerein

the electronic control unit (50) is configured tbaoge the characteristic of the
operating state of the clutch (20) at the time h## startup by changing the operation
amount of the clutch pedal (38) at a start of dvititg the operating state of the clutch (20)

for engagement of the clutch (20).

13. The control device according to claim 3 owHerein

the electronic control unit (50) is configured tbaoge the characteristic of the
operating state of the clutch (20) at the timehef gear-shift by changing a rate of change
of a clutch transmission torque when the operadiate of the clutch (20) is switched with
respect to an identical operating pattern of thectl pedal (38) for engagement of the

clutch (20).
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14. A control method for a vehicle (10), the véhi@0) including a transmission (18)
provided between a power source (12) and drivingedh(14), a clutch (20) configured to
connect and disconnect a power transmission pdthele the power source (12) and the
transmission (18), a clutch actuator (22) configute switch an operating state of the
clutch (20), and an electronic control unit (50),
the control method characterized by comprising:
outputting, by the electronic control unit (50)switching command to the clutch
actuator (22); and
changing, by the electronic control unit (50),hemcteristic of an operating state of
the clutch (20) with respect to an operation amanfra clutch pedal (38) in accordance
with travel performance desired by a driver,

the switching command being a command for switghime operating state of the

clutch (20) based on operation of the clutch p€8g) by the driver.



