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(57) Abstract: An operator is a momentary operator. An electronic control unit is contigured to (1) when the operator does not pass
through any one of traveling operation positions while the operator is (i) operated from an initial position to an neutral operation po-
sition and then (ii) returned to the initial position, and when the operator is continuously held at the neutral operation position for a
first predetermined time or longer, change a shitt range of an automatic transmission to the neutral range, and (2) when the operator
passes through at least one of the traveling operation positions while the operator is (i) operated from the initial position to the neut -
ral operation position and then (ii) returned to the initial position, prohibit a change of the shift range to the neutral range even when
the operator is continuously held at the neutral operation position for the first predetermined time or longer.
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CONTROL SYSTEM FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a control system for a vehicle, which electrically

changes a shift range of an automatic transmission on the basis of an operation position in

a momentary-type operation device.

2. Description of Related Art
[0002]  There is well known a vehicle that employs a shift-by-wire (SBW) system.v

The shift-by-wire (SBW). .system‘mea'ns a system of electrically changing a shift range of

an automatic transmission on the basis of an operation position of an operator (for example,

a »shift_ lever or a switch) in an operation device that is artificiaﬂy operated. In such a
vehicle that employs the S’BW system, a momentary-type‘oper‘ator may be used as the
operator in the operation device. The momentary-type operator is returned to an initial
position in a state where no external force is applied. Such an operation device is, for
example, the 'SBW-system operation dgvice described in Japanese Patent Application
Publication No. 2006;347313 (JP 2006-347313 A). JP 2006-347313 A describes that,
when the operator has been operated from the initial posifi_on to a reverse -traveling
(reverse) position via a neutral operation position and when a time of passzage-through (a
holding tifnc at) the neutral operation position is shorter than or equal to a predetermined

time, the automatic transmission is changed into a reverse range without selecting a neutral

range corresponding to the neutral operation position.

SUMMARY OF THE INVENTION
[0003] Incidéntally, in the SBW-system oberation device that uses the momentary

operator, as described in JP 2006-347313 A, the shift range of the automatic transmission

CONFIRMATION COPY
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can be a forward traveling (drive, brake, or manual shift) range or the reverse range even in

~ astate where the operator is placed at the initial position. At the time when the operator

is operated from the initial position to another operation position via the neutral ‘operation

position, if the operator is held at the neutral operation position over the predetermined

time, the shift range is once changed to the neutral range at that timing. After that, the
shift range is changed to a shift range correspbnding to the other operation position.
Therefore, dependinglon the length of the predetermined time, there is a possibility that a
torque (driving fo‘rce) droploccu.rs_ against a driver's intention because of the temporarily
set neutral range although the 6perator is intended to be operated to the other operation -
position. The above-described inconvenience is not publicly known. |
[0004] The in\}ention provides a contrél system for a vehicle, which is able to
suppress a torque drop rcsultihg from a change into é neutral range when an operation
device includes a momentary-typé operator that is operated from an initial posifion via a
neutral operation position to any one of a pluralify of traveling opefafion positioné
corresponding to a plurality of traVeling ranges of an automatic transmission.

[0005] A first aspéCt of the invention provides.a control system for a vehicle.

The control system includes an automatic transmission, an operation device, and an

électronic control unit. The operation device includes an opefator. The operator is a
momentary operator that is returned to an initial position in a state where no external force
is applied. The operator is configured to be selectively operated by a driver from the

initial position to any one of a plurality of traveling operation positions via a neutral

operation position. The neutral operation position corresponds to a neutral range of the

automatic transmission. = The pluralify of traveling operation positions correspond to a

plurality of traveling ranges of the automatic transmission. The electronic control unit is

configured to (1) change a shift range of the automatic 'transmission based on the initial

position, the neutral operation position and the traveling operation positions, (2) when the

operator is operated_from the initial position to the neutral operation position and then
returned to the initial position, change the shift range to the neutral range, (3) when the

operator does not pass through any one of the traveling operation positions while (i) the
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operator is operated frdm the initial position to the neutral operation position and then (ii)
thé operator is returned to the initial position, and when the operator is continuously held- at
the neutral operation position for a first predetermined time or longer, change the shift
range to the neutral range, and (4) when the operator has passed through at least one of the

traVeling operation positions while (i) the operator is operated from the initial position to

the neutral operation position and then (i) the operator is returned to the initial position,

prohibit a change of the shift range to the neutral range even when the operator is
continuously held at the neﬁtral operatioﬁ position for the first predetermiﬁed time or
longer. |

[0006]  According to'the above aspect, because the shift range of the automatic -
transmission is changed to the neutral range when the operator has been returned to the
initial position, the shift range is not changed to the neutral rahge when the operator is kept
at the neutral operation position for the first predetermined time or longer._y Even when the

operator is continuously held at the neutral operation position for the first predetermined

‘time or longef and then the operator is returned to the initial position, the shift range is not

changed to the neutral range when the operatof passes throﬁgh any one of the traveling
operation positions. Thus, when the operation device includes the momentary operator
that is operated from the initial position to any one of the traveling operation positions via
the neutral operation position, it is possible to suppress a forque drop resulting from a
change into the neutral range.

[0007] Inthe éontrol system according to the above aspect, the electronic control
unit may be configured to -when‘ the operator is continuously held at the neutral operation
position for the first predetermined time or longer, enable a request to change into the
neutral range. The eleétronic control unit may be configured to when the request to
change into the neutral range is ehabled at the time when the operatof is returned from the
neutral operation'position to the irﬁtiai position, and when the operator -does not pass
through any one of the traveling operation positions while (i) the operator is operated from
the ini\tial position to the neutral operation position and then (ii) the operator is returned to -

the initial position, change the shift range to the neutral range. According to the above
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aspect, the shift range is changed to the neutral range based on the two requirements, that is,
the request to change into‘ the neutral range based on the first predetermined time and a
history as to whether or not the operator vpasses through ahy one of the traveling operation
positions, wifh the result that it is pdssible to sup'press a change into the neutral range
against a driver's intention. | |
[0008] In the control system according to the above aspect, the electronic control
unit may be configured to, when the operatb‘r is continuo‘usly. held at the neutral operation
position for a second predetermined time or longer, change the shift range to the neutral
range irrespective of whether or not the operator is returned to the initial position, and the
second predetermined time may be longer than the first predetermined time. According
to the above aspect, when the operator is continuously held at the neutral operation
ppsition‘fof the second predetermined time (longer than the first predetermined time) or
longer while the operator is kept at the neutral operation position, it is possible to change
the shift rénge to the neutral range on the asSdmption that the driver has an intention to

change the shift range to the neutral range.

IBRIEF DESCRIPTION OF THE DRAWINGS

[0009] = Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to th.e
accompaﬁying drawings, in which like numerals denote like elements,'and wherein:

FIG. 1 is a view that illustrates the schematic configuration of a vehicle to which the
invention is applied; and is a block diagram th'at',illustrates a relevant portion of a control
system provided in the vehicle; |

FIG. 2 is a view that‘shows an example of an operation device that changes _among a
plurality of shift ranges of an automatic transmission through artificial operation;

FIG. 3 is'a perspective view that shows an example of a change mechanism that
mechanically blocks rotation of drive wheels; |

'FIG. 4 is a functional block diagram that illustrates a relevant portion of control

functions of an electronic control unit;
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FIG. 5 is a flowchart that illustrates a relevant portion of control operations of the
electronic control unit, that is, control operatioﬁs for suppressing a torque drop resulting
from a change into an N range when the operétion device inclﬁdes a momentary-type shift
lever that is opefated from an H position to a fraveling operation position (R or D operation
position) via an N operation position; |

FIG. 6 is a time chart in the case where the control operétions shown in the flowchart
of FIG. 5 are executed, and is an example of the case where the shift range is changed to
the N range; _ |

FIG. 7 is a time chart in the case where the control operations shown in the flowchart
of FIG. 5 are executed, and is an examplé of the case where thé shift range is not changed.
to the N range éti th.e time of a change from a D range to an R range; |

FIG. 8isa timé chart in the case where the control operations shown in the flowchart
of FIG. 5 are executed, and is an example of the case where the shift range is not changed
to the N range at the time of a change from a B range to the D range;

FIG. 9 is a flowchart for illustrating a relevant portion of control operations of the
electronic control unit, that is, control operations for further improving the controllability
6f a change into the N range;

FIG. 10 is a time chart in the case where the control operations shown in the
flowchart of FIG. 9 are executed, and is an example of the case where the shift lever is not
operated to any traveling operation position (R or D operation position);

FIG. 11 is a time chart in the case where thc: control bperations ‘shown in the
flowchart of FIG. 9 are executed; and is an example of the case where the shift lever is
opérated to the R operation position;

FIG. 12 is a time chart in the case where the control operations shown in the

flowchart of FIG. 9 are executed, and is another example of the case where the shift lever is

operated to the R operation posifion different from the example of FIG. 11;

FIG. 13 is a view that shows an example of the momentary-type operatlon device, in

which a shift lever is operated in a stralght shift gate;

FIG. 14 is a view that shows an example of the momentary-type operation device, in
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‘which a dial operator is operated;

FIG. 15 is a view that shows an example tdf the m’omentary-type operation device‘:,'in
which the shift lever is operated in an H-shaped shift gate;e |

FIG. 16 is a view that shows an example of ihe momentary-type operétion device, in
Which the shift lever is operated in a T-shaped shift gate;

FIG. 17 is a view that shows an example of the momentary-type operatioﬁ device, in
which the shift lever is operation in a straight shift gate, and iS another embodiment
different from FIG. 13; and | |

FIG. 1.8 is é view thét shows an example df the momentary-type operatidn device, in

which the shift lever is operated in a straight shift gate, and is another embodiment

different from FIG. 13.

DETAILED DESCRIPTION OF EMBODIMENTS

_[0010] Hereinafter, an erhbodiment of the inveﬁtion will be described in detail
with reference to the accompaﬁyin g draWings. |

[0011] FIG. 1 is a view that illustrates the schematic configuration of a power
transmission path from an éngine 12 to drive wheels 14, which constitute a vehicle 10 td '
which the invention is applied. FIG. 1 is a block diagrém that illustrates a relevant portion
of a control system provided in the vehicle 10 in order to control a change mechanism 16,
and the like. As shown in FIG. 1, the vehicle 10 includes the change meqhanism 16, an
automatic¢ transmission 18, and the like. The vehicle 10 employs a shift-by-wire (SBW)

system in which a shift range (shift position) of the automatic transmission 18 is changed

‘through electric control. The automatic transmission 18, for example, transmits the

power of the engine 12 from an output gear 22 to the pair of drive wheels 14 sequentially
via a cou'nter gear pair 20, a final gear pair 24, a differential gear 26, a pair of drive shafts
28, énd the like. The engine 12 is an internal combustion ehgine that serves as é power .
source for propelling the veHicle 10. The output gear 22 serves as-an output rdtating

member of the automatic transmission 18. The output gear 22 constitutes one of the

" counter gear pair 20. These automatic transmission 18, counter gear pair 20, final gear
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pair 24, differential gear 26, and the like, constitute a transaxle that serves as a drive line.
The vehicle 10 further includes an operation device 30. .
[0012] The vehicle 10 includes an electronic control unit 80. The electronic

control unit 80 includes a controller for the vehicle 10. The Coﬁtroller controls a change

of the operation state of the change mechanism 16, a change of the shift range of the

automatic transmission 18, or the like. The electronic control unit 80 includes a so-called
microcomputer. The microcomputer includes, for example, a CPU, a RAM, a ROM, an

input/output interface, and the like. The CPU executes various controls over the vehicle

10 by carryirig out signal processing in accordance with a program prestored in the ROM

while utilizing the temporary storage function of the RAM. For example, the electronic
control unit 80 is configured to execute vehicle control, such as output control over the
engine 12, shift control over the automatic transmission 18, change control over the shift
range of the automatic transmission 18 using the shift-by-wire system, and cﬁange control
over the operation state of the change mechanism 16. The electronic confrol unit 80 is
split into a unit for output control over the engine 12, a -unit for- shift cohtrol oﬂzer the
automatic transmission 18, and the like, as needed. Various signals detected by various

sensors provided in the vehicle 10 are supplied to the electronic control unit 80. The

‘various sensors include, for example, a shift sensor 34, a select sensor 36, a P switch 38, an

encoder 54 (see FIG. 3), and the like. The shift sensor 34 and the select sensor 36 are
operétion position sensors of a shift lever 32. The various signals include, for example, a
shift lever position signal Splev, a P switch signal Spsw, a rotation Signal Sang, and the like.

The shift lever pbsition signal Splev is an operation signal (sensor signal) corresponding to

an opefation position (lever position) Plev of the shift lever 32 at the time when the shift

lever 32 'is operated by a driver. The P switch signal Spsw is an operation signal

corresponding to an operation position (P switch on position) Psw at the time when the P

switch 38 is operated by the driver. The rotation signal Sang indicates a rotation angle of

a P lock drive motor 52 (see FIG. 3), which is a"positi0n signal in the change mechanism

16. Various output signals are supplied from the electronic control unit 80 to-the devices

provided in the vehicle 10. The devices include, for example, the engine 12, the change
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mechanism 16, the automatic transmission 18, and the like. The various output signal§
include, for example, an engine output control command signal Seng, a P change control
command signal Splock, a shift control command signai SSflift; a shift fange change
control command signal Srange, a shift range indication signal Sindi, and the like. The
engine output control command signal Seng is used to execute output contrbl over the
engine 12. The P change control command signal Splock is used to execute change
control over the change mechanism 16. The shift control command signal Sshift is used
to execute shift control over the automatic transmission 18. The shift range change
control command signal Srange. is used to change. the shift range of the automatic

transmission 18. The shift range indication signal Sindi is used to indicate the shift rarge

(including a P range) of the automatic transmission 18 by activating an indicator 40.

[0013] FIG. 2 is a view thatvshows an example of the operation device 30 that
serves as a change device that is used to change among a plurality of shift ranges in the

automatic transmission 18 through artificial operation. The operation device 30 is, for

example, arranged near a driver seat. The operation device 30 includes the shift lever 32

and the P switch 38. The shift lever 32 is a momentary-type operator that is returned to
an_initial position (original position, home position) in'a state where no external force is

applied. The momentary-type operator is an automatic return operator that automatically

returns from a position other than the initial position to the initial position when an
operation force is released. The shift lever 32 is an operator that is selectively operated

by the driver into a plurality of operation positions (lever positions Plev) corresponding to

the plufal_ity of shift ranges of the automatic transmission 18. The shift lever 32 is
alternatively operated into the plﬁrality of lever positions Plev by the driver in-order to set
tﬁe shift rahge of the aufomati'c transmission 18 to a desired shift range (R, N or D range)
other than a parking range (P fange). The P switch 38 is provided as another switch near
the shift lever 32. The P switch 38 is operated by the driver in order to activate parking
lock by settihg the shift range of the automatic transmission 18 to the P range. In this way,
the operation device 30 is a momentary operation device in which the shift lever 32 returns

to the initial position in a state where no external force is applied.
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[0014]  As shown in FIG. 2, the shift lever 32 is configured to be operated into
evach of R operation position (reverse operatioh vposition), N operation position (neutral
operation position), D operation position (drive operation position), H position (homc
position) or B operation position (engine brake operation position). The R operation
pbsition, the N operation.position and the D operation position are three lever positions
Plev arranged in a front-to-rear direction or up‘-and-‘down direction (that is, longitudinal
direction) of the vehicle 10. The H position and the B operation position are arranged

parallel to the above three lever positiohs Plev. The shift lever 32 is operable in the

longitudinal direction of the vehicle 10 among the R-operation .positibn, the N operation

position and the D operation position. The shift lever 32 is operéble in the longitudinal
direction between the H position and the B operation position. The shift lever 32 is
further operable in a lateral direction of the vehicle 10, which is perp‘endicular to the above
longitudinal direction, between the H position and the _N‘ oﬁefation position. The H
position is the initial position -of the shift lever 32. Even when the shift lever 32 has been
shifted into any one of the lever positions Plev (R, N, D and B operation positions) other
than the H p_oSition, but when external force applied to the shift lever 32 disappears (that is,.
when the driver releases the shift lever 32), the shift lever 32 is configured to return vtol the
H position owing -to a mechanical mechanism, such as a spring. |

[0015] The P switch 38 is, for example, a pushbutton switch.  The P switch 38.
outputs a P switch signal Spsw (also referred to as P operation signal Ppos) to the
electronic control unit 80 when the P switch 38 is. ;)perated by the driver to P operation
position that is the P switch on position Psw. ~ The P switchjon position is the P operation
position Or the parking operation position’.

[0016] At the tim.e'when the operation dc;;\/ic\e 30 has been opérated into any one
of the operation posiﬁons, the shift range of the automatic transmission 18 is electrically
changed by the eleétronié coﬂtrol unit 80 to a shift range corresponding to the any one of
the operation positions on the basis of the operation signal corresponding to the any one of
the opération positions. At the time when the operation ‘deyiceb 30 has been operated into

any one of the operation positions, the state of the shift range of the automatic transmission
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18 is indicated on the indicator 40. Because the shift lever 32 is returned to the initial
position when external force applied to the shift lever 32 disappears, it is not possible to
recognize the selected (finally determined) shift range only by visually identifying the shift
-Iever' 32. Therefore, the indicator 40 is provided at an easily VieWable position from the
driver. | The state of the shift range of the automatic transmission 18 is configured to be
indicated on fhe indicator 40, including the case where the selected shift range is the P
range. | _

[0017]  Each of the shift ranges (P, R, N and D ranges) of the automatic

transmission 18 will be described. The P range is selected when the P switch 38 is set at

the P operation position. The P range is a parking range at which the power transmission

path in the automatic transmission 18 is interrupted and parking lock (P lock) that
mechanically blocks rotation of the drive wheels 14 is ‘activatevd by the change mechanism
16. The R range is selected when the shift lever 32 is set at the R operation position.
The R range is a reVerse traveling range at which driving force for causihg the vehicle 10

to travel backward is transmitted to the drive wheels 14 (that is, reverse traveling range for

~causing the vehicle 10 to travel backwAa,rd). The neutral range (N range) is selected when

the shift lever 32 is set at the N operatioﬁ position. The neutral range (N range) is a
neutral range for setting a neutral state in which the pOWer transmission path in the
automatic transmission 18 is interrupted. The D range is selected when the shift lever 32
is set at the D operation positioﬁ._ The D range is a forward traveling range at which
drivi;lg force for causing the vehicle 10 to travel forward is transmitted to the drive wheels

14 (that is, forward traveling range for cauSing the vehicle 10 to travel forward). The B

Vrange is selected when the shift lever 32 is set at the B operation position. The B range is

a decelerating forward traveling range (engine brake range) at which rotation of the drive

“wheels 14 is decelerated by using engine brake at the D range.

- [0018] - A so-called shift-by-wire is employed in the vehicle 10 according to the
présent embodiment. As shown in FIG. 2, the shift lever 32 is two-dimensionally
operated in a first direction P1 and a second direction P2. The first direction P1 is the

above-described longitudinal direction. The second direction P2 is the lateral direction
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that intersects with (that is, perpehdic-ular‘ to) the first direction P1. Therefore, the
operation device 30 includes the shift sensor 34 and the select sensor 36 as position sensors

for detecting the lever position Plev of the shift lever 32. The shift sensor 34 serves as a

first direction detection unit that detects an operation in the first direction P1. The select

sensor 36 serves as a second direction detection unit that detects an operation in the second
direction P2. Each of the shift seﬁsor 34 and the select sensor 36 outputs a voltage to the
electronic control unit 80 as the shift lever position signal Splev corresponding to the lever
position Plev. That is, the shift sensor 34 and the select sensdr 36 as a whole constitute a
lever position detection uhit that detects the lever position Plev. The electronic control
unit 80 recognizes ‘(determjﬂes) the lever position Plev on the basis of the voltage of the
shift lever position signal Sple\}. |

[0019] An.vexample of reco.gnition of the lever position Plev will be described.
A detection signal voltage VSF of the shift sensor 34 has a voltage level correéponding to
any one of a first direction first position‘Pl_l, a first difection second position P1 2, and a

first direction third position P1_3 (any one of a voltage that falls within a low range,‘ a

voltage that falls within a mid range and a Voltégé that falls within a high range). The

* first direction first position P1_1 indicates the R operation position. The first direction

second position P1_2 indicates the H position or the N operation position. The first
direction third position P1_3 indicates the B operation position or the D bperation position.

A detection signal voltage VSL of the select sensor 36 has a voltage level corresponding to

~one of a second direction first position P2_1 and a second direction second position P2_2

(Qne of a voltage that falls within a low range and a voltage that falls within a'high range).
The second direction first position P2_1 indicates the H position or the B operation
position. The second -direction second position P2_2 indicates the R operation position,
the N operation position or the D operation position. The electronic control unit;804
recognizes the lever position Plev (R, N, D or B operation position or H position) in
accordance with a combination of the voltagé levels by detecting the detection 'signal
voltages VSF, VSL that change‘ in this way. The vehicle 10 includes, for example, a

plurality of sensors for detecting each of the lever positions Plev. The electronic control
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‘unit 80 may be configured to recognize the lever position Plev by detecting the shift lever

position signal Splev (an R operation signal Rpos, an N operation signal Npos, a D
operation signal Dpos, a B eperation signal Bpos, or an H signal Hpes), which is output
from the sensors. o | : _

[0020] FIG. 3 is a perspective view that illustrates the configuration of the change
mechanism 16 that activates P lock for mechanically fixing rotation of the output gear 22
of the automatic transmission 18. As shown in FIG. 3, the change mechanism 16} includes
a P lock mechanism 50, the P lock drjye metor 52, the encoder 54, and the like. The
change mechanism 16 prevents movement of the vehicle 10 or perlnits rnOVement of the
Vehlcle 10 on the basis of a control signal from the electronic control unit 80.

[0021]  The P lock mechanlsm 50 includes a shaft 56 a detent plate 58, a rod 60, a
parking gear 62, a parking lock pawl 64, a detent spring 66, a roller 68, and the like. The

shaft 56 is rotationally driven by the P lock drive motor 5‘2’. The detent plate 58 rotates

~ with rotation of the shaft 56, The rod 60, operates with rotation of the detent plate 58.

The parking gear 62 is fixed concentrically to the output gear 22 of the automatic

transmission 18 (see FIG. 1), and rotates together with the drtve wheels 14 The parking
lock paw1.64 blocks (1eeks) rotation of the parking gear,62. The detent spring 66 limits
rotation of the detent plate 58.

[0022] - FIG. 3 shows a state at a non-parking lock position Correspondlng to a
non-P tange that is any one of the shift ranges (R, N, D and B ranges) other than the P
range. This statehis a non-locked state‘where a locked state is released. In the locked
state, the -par'king lock pawl 64 engages with the parking gear”62. The P lock mechanism
50 does not interfere with retation of the drive wheels 14 in the non-locked state. When
the shaft 56 is rotated by the P lock drlve motor 52 in the arrow C direction shown i in FIG.
3 from this state, the rod 60 is pressed in the arrow A direction shown in FIG. 3 via the
detent plate 58. As a result, the parking lock pawl 64 is pushed upward in the arrow B
direction shown in FIG. 3 by a tapered melnber 70 provided at the distal end of the rod 60.
When the detent piate 58 has rotated to such an extent that the roller 68 at one of two

concave portions provided at the top of the detent plate 58 climbs over a convex portion 72
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and shifts into the other concave portion, the parking lock pawl 64 is pushed up to a
position at which the parking lock pawl‘ 64 engages with the parking gear 62. Thus,
rotation of fhe drive wheels 14 that rotate in interlocking with the parking gear 62 is
mechanically blocked, and a parking lock positfon corresponding to the P range is set. |

[0023] FIG 4 is a functional block diagram ‘that illustrates a relevant portion of
control functions: of the electronic control unit 80. As shown in FIG. 4, the élé:ctronié
chtrol unit 80 functionally includes an operation position determination unit 82, a change
request setting unit 84 and a shift range change -control unit 86. The operation positioﬁ
det'erminat'ion unit 82 may be operation position determination means. Thebhange
request setting unit 84 may be change »requ’ést setting means. The shift range change
control unit 86 may be shift range change control means.

[0024]  The operation position determination unit 82 determines driver's operation

_to the shift lever 32 on the basis of, for exémple, the shift lever position signal Splev.

Specifiéally, the operation position dete;mination unit 82 determines the operation position
of the shift lever 32 on the basis of the shift lever position signal Splev, and determines
whether there is a change into a prede_termin.ed operation position. The operation position
detemﬁnation unit 82 determine‘s‘whether there is a change from the predetermined
operation position to the H position or another operation position. When the operation
position determination unit 82 determines that there is a change into the predetermined

operation position, the operation position determination unit 82 determines whether the -

‘shift lever 32 has been continuously held at the predetermined operation position. Whﬂe

the operation position determination unit 82 determines that the shift lever 32 has been

| conﬁnuously held at the predetermined operation position,’a time during which a sensor

signal corresponding to the predetermined operation position is continuously output is
counted (éounted up) on the basis of the sensor signal. The operation position
determination unit 82 determines whether the sensor signal has been contjnuously o.lit,put
for a ’predefermined time T or longer (that is, the shift lever 32 has been continuously held
at the predetermined operation position for the predetermined time T or longer). The

predetermined operation position is, for example, an example of each of the N operation
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position, the R operation position, the D operation position and the B operation position.
The predetermined time T is, for example, an operation position determination threshold
obtained and stored in. advance by a design or an experiment (that .is, determined in
advance) as a time by which it may be determined that the shift lever 32 has been
definitely held at the predetermined operation position by a driver's intention. The
predetermined .tirne T may be set to a uniform value for the operation positions‘or may be
set to different values for the operation positions. The predefermined time T at the N
operation position will be described in detail later. |

[0025]  For .example, when the operation position determination unit 82
determines that the sensor signal corresponding to the predetermined operation position
has been continuously output for the predetermined time T or longer, the change request
setting unit 84 enables a request to change inte the predetermined shift range of the
automatic transmission 18, which corresponds to the predetermined operation position.
For example, the change request setting unit 84 sets a range change request signal to an on
state.’ | v |

[0026]  The shift range change control uun.it 86 electrically changes the shift ‘range
of the automatic transmission 18 on the basis of, for example, the request to change into
the predetermined shift rahge, enabled by the change request setting unit 84 (for example,
the range change reZQuest signal set to the on state). Specifically, the shift‘range change
control unit 86 determines, on the basis of the retation signal Sang of the P lock drive
motor 52, whether the shift rangeof the automatic transmission 18 is the P range or the
non-P range. When the request to change into any one of the non-P ranges is enabled by
the change fequest setting unit 84 at the time when the shift range is the P range, the shift

range change control unit 86 sets the parking gear 62 to the non-locked state by activating

" the change mechanism 16. The non-P range is the R, N or D range. When the shift

range is the P range, a reject function works to keep the P range even when there is a
request to change into the B range. The request to change into any one of the non-P
ranges is enabled, for example, when any one of an R range change request signal Rreq, an

N range change request signal Nreq and a D range change request signal Dreq is in an on
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state. Thus, the shift range of the automatic transmission 18 is changed from the P range

to the non-P range, and the shift range is changed to any one of the R range, the N range

‘and the D range, corresponding to the range change request signal.

[0027]  When the shift range is changed to any one of traveling ranges (the R
range, the D range and the B range (only when the sﬁift range is set at the D range)) at the
time when the shift range is the non-P range (R, N, D or B range),‘ the shift range change
control unit 86 qvuickly changes the shift range at the timing at which the range change
request signal corresponding to any one of the traVeling ranges has been set to the on state
by the change request setting unit 84. Incideﬁtally, in thé operation device 30 according
to the present embodiment, the shift lever 32 is selectively operated by the driver from the
H position to any one of a plurality of traveling opération positions (the D operation
position and the R operation pdsition) via the N oi)eration position. The pl{uralit}hf' of
tfaveling operation positions respectively correspond to the plurality of traveling ranges
(the D range and the R _rangé) of the automatic transfnission 18. The N operatioﬁ position
corresponds_to the N range of the automatic transmission 18. Therefore, when the shift
lever 32 is operatéd into the traveﬁng operation position corresponding to another t‘ravel_ing
range via the N operatibn position at the time when the shift range of the automatic

transmission 18 is any one of the traveling ranges (R, D, B ranges), if change control for

changing the shift range into the N range by the shift range change control unit 86 is

quickly executed at the timing at which the N range change réquest signal ereq is set to the
on state, there is a possibility that the shift range is once changed to the N range in process
of shift lever 0p¢rati0n jnto thé traveling operation position. As a result, there is a
possibility that, in a traveling state where a change between the R range and the D range is
repeatedly carried out in a short period of time or when the shift range is réturned to the D
range while the vehicle 10 is traveling at the B range, a torﬁue (driving force) drop occurs
against a driver's intention because of the temporarily set N range, and there is a possibility

that a ride comfort is impaired. That is, there is a possibility that a torque (driving force)

drop, occurs as a result of a change of the shift range to the N range at the timing at which

the driver is not assuming.
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[0028] Such an inconvenience is, for ~example, more remarkable as the
predetermined time T (operation position determination threshold) at the N operation
position becomes shobrter.} That is, whén 'the predeterfnined time T at the N .c.)peration
position is made short so as to be comparable to the predetermined time T at another
dpérétion position or made -shorter than the predetermined time T at another operation
position, an opér_ation time of the shift lever 32 becomeé uniform, with the result that it
becomes easy to understand an operation or it is possible to more quickly change into the
N range. However, at the time of a change into the tréWeling range (R or D range), there |
is‘a possibility that the éhift range is once changed to the N range. In.contrast, when the .

predetermined time T at the N operationv position is made longer than the predetermined

-time T at another operation position, it becomes difficult to' change into the N range.

However, when the driver intends to change into the N range, it is requiredv to extend the

- driver's opefation time of the shift lever 32, so there is a possibility that the driver

exﬁeriences a burden. ‘

.[0029] Therefore, the present embodiment suggests a fcontrbl method ‘of
improving the controllability of a change into the N range in the case where the shift lever
32 has been operated into the N operation position when the shift range of the automatic
transmission 18 is any one of the traveling ranges (R, D and B ranges). This cont’rolv
method is implemented only by adding a control logic and is implemented without addition
of a special sensor or specifically increasing the load of the CPU, and the’iike, in the
electronic control unit 80. i

[0030] Specifically, thc;” shift 'rangé/ change control unit 86 changes the shift range -
of the automatic transmiésion 18 to the N range when the shift lever 32 has been operated
frbm the H position to the N operation position and then the shift lever 32 has beeﬁ

returned to the H position. More specifically, when the shift lever 32 has not passed

‘through any one of the traveling operation positions (R avn'd‘ D operation positions) while

the shift lever 32 is operatéd from the H position to the N operation position and then the
shift lever 32 is returned 'to the H position and when the shift lever 32 has been

continuously held at the N operation position for a first predetermined time T1 or longer,
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the shift range change control unit 86 changes the shift range of the automatic transmission
18 to the N range. On the other hand, when the shift lever 32 has passed.through at least
one of the traveling operation pos’itibons (R and -D operation positions) while the shift lever
32 is operated from the H position to the N operation position and then the shift lever 32 ‘is
returned to the H position, the shift range change control unit 86 does not change (prohibits
a change of) the shift range of the automatic transmission 18 to the N range even when the
shift lever. 32 has been continuously held at the N operation position for the first
predetermined time T1 or longer. The first predetermined fime T1 is the predetermined
time T at the N opefatibn positibn. The first predetermined time T1 is, for example, a
determination thres‘hold determinéd in advance as a time having substantially the same
length as the predetermined‘time T at the R or D operation position. By employing the
above-described rh_ethod, even when the prédetermined time T at the N operation position
is set SO as th be comparable to or shorter than the predetermined time T at the R or D
operation position, a change into the N range in process of shift lever operation into any

one of the traveling operation positions (R and D operation positions) is suppressed.

~ When the driver intends to change the shift range to the N range, it is possible to quickly

change the shift range to the N range. By setting the predeterm'in'ed' time T at the N
operation position to the length comparable to the predetermined time T at the R or D
operation position, the operation time of the shift lever 32 becomes uniform, so it becomes
easy to understand an operation. “ |

) | [0031]  In order to appropriately carry out the above-described control method, the
.operation Vposition determinétion unit.82 defermines the operation position of the shift lever
32 on the basis of the shift lever position signal Splev. The operation | position
determination unit 82 determines whether theré -is a change from the H pdsition to the N
operation position. The operation position determination unit 82 determines whether

there is a change from the N operation position to the H position or another operation

~ position. A change from the N operation position to another operation position is, for

example, a change from the N operation position to any one of the traveling operation

positions (R and D operation positions). Particularly, when the operation position
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determination unit 82 determines that there is a change from the N operation position to
any one of the traveling operation positions (R and D operation positions), the operation
position determination unit 82 temporaf_ily stores the fact that there is a change into any
one of the traveling operation positions (R and FD operation positions) aé a histbry_ that the .
shift lever 32 has passed through any one of the traveling operation ;positions (R and‘D

operation positions), until the operation pbsition’ of the shift lever 32 returns to the H |
position. The fact that there is a change into any one of the traveling operation positions
(R 'a,nd‘ D operation positions) is that the shift lever 32 has passed through at least one of
the traveling operation positions (R and D operation positions). When the Operation
positiori determination unit 82 determines that there is a changé fromvthe N operation
position to the H position, the operation position determination unit 82 deteﬁnines whethef

there is a history that the shift lever 32 has passed through any one of the traveling

. operation positions (R and D operation positions). When the operation position

determination unit '82 determines that there is a change from the H position to the N
operation positio_n, the o‘pération position determination unit 82 determines whether the
shift lever 32 has been continuously held at the N operation position. While the operatbion
positi,on‘detenni‘natidn unit 82 determines that the shift lever 32 has been continuousiy held

at the N operation position, the operation position determination unit 82 counts (counts up)

a time during which the N operation signal Npos has been continuously output, on the

basis of the sensor signal (N operation signal Npos) corresponding to the N operation
position. The operation position determination unit 82 ,détefmines whether the N
operation signal Npos has been continuously output for the first predetermined time T1 or
longer. Whether the N operation signal Npos has v.b_een continuously output for the first
ﬁredetermined time T1 or longer is whether the shift lever 32 has been continuously.heid at
the N loperation position for the first predetermined time T1 or lohger.»

[0032] When the operatioh ;;osition. determination unit 82 determines that the N .
operation sighal Npos has been contjnuously output for the first vpredetermined time T1 or
longer, the change request setting unit 84 enables the request to change into the N range of

the automatic transmission 18, corresponding to the N operation position (for example, sets
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the range change request signal Nreq to the on state).

- [0033] When the request to change into the N :angé is enabled by the change
request setting unit 84 at the time when the shift lever 32 has been returned from the N
operation position to the H position, and when the shift lever 32 has not passed through
any one of the traveling operation positions (R and D operation positions) While the shift
lever 32 is 6perated from the H position to the N operation polsition and then returned té
the H position, the shift fange change control unit 86 changes the shift range of the
automatic transmission 18 to the N range (finally determines the N fange). ‘The time
when the shift lever 32 has been return'egl from thé N operation posifion to the H position
fneans the time when the operation positioh determination unit 82 determines that there is a
change from the N operation position to the H position. The case where the request to

change into the N range is enabled by thé‘c'hange request setting unit 84 and the shift lever

- 32 has not passed through any one of the traveling operation positions (R and D operation

positions) while the shift lever 32 is. operated from the H position to the N operation

position and then returned to the H position means the case where the operation position
determination unit 82 determineé that there is no history that the shift lever 32 has passed
through any one of the traveling operation positions (R and D operatioh positions). On
the other hand, even when thé request té change into the N range is enabled by the change

request setting unit 84 at the time when the operation position determination unit 82

- determines that there is a change from the N operation position to the H position, but when

the operation position determination unit 82 determines that there is a history that the shift
lever 32 has passed through any one of the traveling operétion positions (R and D
operation positions), the shift range change control unif 86 does not change (prohibits a
change of) the shift range of the automatic transmission 18 to the N range.

[0034] At the time when the shift lever 32 has been returned from the N operation

position to the H position, when the shift range change control unit 86 finally determines

the N range or the operation position determination unit 82 determines that there is a

history that the shift lever 32 has vprassed through any one of the traveling operation

positions (R and D operation positions), the change request setting unit 84 disables the -
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request to change into the N range (for example, sets the range change request signal Nreq
to an off state). |

[0035] FIG. 5 is a flowchart that illustrates control operations of the electronic
control unit 80. The flowchart is, for example, repeatedly executed at an extremely short

cycle time of about several milliseconds to several tens of milliseconds. The control

operations of the electronic control unit 80 are control operations for, when the operation

~ device 30 (shift lever 32) includes the momentary-type shift lever 32 that is operated from

the H position to any one of the traveling operation positions (R and D operation positions).

. via the N operation: positidn,_ suppressing a tbrque drop resulting from a change into the N

range. FIG. 6, FIG. 7 and FIG. 8 are examples of the time chart in the case where the
control operations shown in the flowchart of FIG. 5 are executed. The control operations
shown in the flowchart of FIG. 5 are preferably executed when the shift fange of the
automatic transmission 18 is any one of the traveling \ranges (R, D and B ranges) at the H
posi.tion. | | | |
[0036] As shown in FIG 5,f‘initially, in step (hereinafter, step is orﬁitted) S10

corresponding to the operation position determination unit 82, for example, it is determined

whether there is a change from the H position to the N operation position. When negative

determination is made in S10, the routine is ended. On the other hand, when affirmaﬁve

determmat]on is made in S10 (see t1 timing in FIG. 6, FIG 7 and FIG. 8), for example a

 time during Wthh the N operation signal Npos has been contmuously output is counted up

in S20 corresponding to the operation position determination unit 82. Subsequently, in

'S30 corresponding to the operation position determination unit 82, for example, it is
*determined whether the N operation signal Npos has been continuously output for the first

' predetermlned time T1 or longer (see from t1 tlmmg in FIG. 6, FIG. 7 and FIG. 8). When

negative determination is made in S30, for example it is determmed in S40 correspondlng
to the operation position determination unit 82 whether ‘the shift lever 32 has been
continuously held at the N operation position. When negative determinatidn is made in
S40, the routine is ended. On the other hand, when é-ffirmativedetermination is made in

S40, the process is returned to S20. When affirmative determination is made in S30, for
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example, the range change request signal Nreq is set to the on state in S50 corresponding

to the change request setting unit 84 (see t2 timing in FIG. 6, FIG. 7 and FIG. 8).

Subsequently, in S60 corresponding to the operation position determination unit 82, for

example, it is determine& whether there is a change from the N operation position to the H
position (seé from t2 timing in FIG 6, FIG. 7 and FIG. 8). When negative determination
is. made in S60, S60 is repeatedly executed.: On the other hand, When affirmative
deterfninaﬁon is made in S60 (see t3 timinbg in FIG. 6 ‘and see t6 timing iﬁ FIG. 7 and FIG. -
8), for example, it is determined in S70 corresponding to the operation position |
determination unit 82 whether there is a history that the shift lever 32 has passed througﬁ
tBe D operation position (hereinafter, reférr_éd to as. D passing his‘tory). When” negative
determination is made in S70, for example, 1t is deferminyed 1n S80 corresponding to the
operation positioﬁ determination unit 82 whether there is a history that the shift lever 32
héspaésed through the‘ R operation position (hereinafter, referred to as R passing history).
When negative determination is made in S80, for example, the N range is finally
determined as the shift range .of fhe automatic transmission 18 in»S90 corresponding to the

shift range change control unit 86 (see t4 timing in FIG. 6). When affirmative

determination is made iﬁ S70 or S80 or subsequent to S90, for example, the range change -

request signal Nreq is set to the off state in S100 corresponding to the change request
setting unit 84 (see t5 timing in FIG. 6 and t7 timihg in FIG. 7 and FIG. 8).
- [0037] FIG. 6 is an example of the case where the shift range"is changed tb the N -

range. FIG. 7 is an example of the case where the shift range is not changed to the N

 range at the time of a change from the D range to the R range. FIG. 8 is an example of the ‘

case where the shift range is not changed to the N range at the time of a change from the B
range to the D range. The t3 timing to the t5 timing in FIG. 6 or the t6 timing and the t7

timing in FIG. 7 and FIG. 8 are substantialiy the same timing in each time 'chart; howeVér,

the intervals are provided in order to clearly indicate the time sequence. The dashed-line

arrows in FIG. 6, FIG. 7 and FIG. 8 sequentially indicate the time seqﬁence.' A vehicle

~state in FIG. 6, FIG. 7 and FIG. 8 does not indicate an actual power transmission state in the

automatic transmission 18 but indicates a controlled state of the shift range. The vehicle-
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state in FIG. 6, FIG. 7 and FIG. 8, in other words, indicates the shift range change control

command signal Srange that is output from the electronic control unit 80. The dashed

lines in the vehicle stvat.e— in FIG, 7 and FIG. 8 indicate comparative embodiments in which

the shift range is changed to the N range at the timing at which the N operation signal Npoé
has been continuously output ‘for the first predetermined time Tlnor longer.

[0038]  In FIG. 6, as shown at t3 timing; at the time when the shift lever 32 has
been returned from the N oneration position to the H position, -the range change request

signal Nreq is in the on state and there is no history that the shift lever 32 has passed

through any one. of the traveling operation positions (R and D operation positions). Thus,

the shift range of the automatic transmission 18 is changed from the D range to the N range

at t4 timing, and the N range is finally determined. At t5 timing after the final

determination of the N range, the range change request signal Nreq is set to the off state.

In FIG. 7 and FIG. 8, as shown at t6 timing, at the time when the shift lever 32 has been

" returned from the N operation position to the H position, the range change request signal

Nreq is in the on state. Howe\}er, there is the R laassing history (in the case of FIG. 7; the

D passing history in FIG. 8) from t3 timing to t5 timing, so the shift range is not changed to

‘the N range at t7 tlmmg, and the range change request 51gnal Nreq is set to the off state.

The shift range is quickly changed to the R range (in the case of FIG 7, the D range in FIG.

- 8) at t4 timing. However, different from the comparative embodiment indicated by the

daShed lines, the shift range is not changed to the N range" at t2 timing. Thus, a torque
drdp in process of an operation into the R operation position (in the ease of FIG. 7; the D
operation position in FIG. 8) is avoided. - '

[0039]  As described above, according to the present embedimen:t, when‘the shift
lever 32 has been returned to the H position, the shift range of the automatic transmission
18 is changed to the N range. Thus, When ,theb shift lever 32 has been continuously kept at
the N operatien position for the first predetermined time T1 or longer, the shift range is’not
changed.to the N range. Even when the shift lever 32 has been continuously held at the N

operation position for the first predetermined time T1 or longer and then the shift lever 32

‘has been returned to the H position, but when the shift lever 32 has passed through any one
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of the traveling operation positions (R and D operation positions), the shift range is not
changed to the N range. Thus, when the operation device 30 includes the
momentary-type shift lever'3.2v'that is operated from the H position to any one of the
fraveling operation positions (R and D operation pbsitions) via the N operation pésit_ion, it
s possible to suppress a torque drop reéulting from a change into the N range.

[0040]  According to the present embodiment, when the request to Chaﬁge into the

‘N range is enabled by the change request setting unit 84 at the time when the shift lever 32

has been returned from the 'N‘ operatidn position to the H position and the shift lever 32 has

‘not passed throﬁgh any one of the traveling operation positions (R and D operation

positions) while the shift lever 32 is operated from the H position to the N operation
position and then returned to the H position, the shift range change control unit 86 changes

the shift range of the automatic transmission 18 to the N range. Thus, the shift range is

changed to the N range on the basis of the two requirements, that is, the request to change

:intovthe N range based on the first predetermined time T1 and the history as to whether the

shift lever 32 has passed through any one of the traveling operation positions‘ (R and D

operation positions), with the result that it is possible to suppress a change into the N range

against a driver's. in'tention;

[0041] | Next, other embodiments of the invention willl be described. In the
followingv descr_ibption, like reference numerals denote portions common to the
embodiments, and the description thereof is omitted.

[0042] In the above-described first embodiment, the shift range of the automatic

.t'rénsmission 18 is changed into the N range at the time when the shift lever 32 has been

operated from the H position to the N operation position and then has been returned to the
H position. Incidentally, it is conceivable that the driver keeps the shift lever 32 at the N
operation position with the intention of changing into the N range. Therefore, in the

present embodiment, in addition to the above-described first embodiment, when the shift

lever 32 has been continuously held at the N operation po_sition for a second predetermined |

time T2 or longer, the shift range change control unit 86 changes the shift range of the

automatic transmission 18 to the N range irrespective of whether the shift lever 32 has
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been returned to the H position (for example, even when the shift lever 32 is not returned
to the H positidn). The second predetermined time ’-1’2‘ is longer than the first
predetermined time T1. The second predetermined time T2 is the predetermined time T |
at the N operntion position determined in advance separately from the first predetermined
time T1, and is a determination threshold determined in advance as a time herving a length

of about several times as long as the first predeterm’ined time T1. In this way, the present

embodiment suggests a control method for further improving the controllability of a

 change into the N range in the case where the shift lever 32 has been operated into the N

operation position. |

_ (0043] "In order to appropriately execute the above-described control method, the
operation position determination lmit 82 determines the operation position of the shift lever
32 on the basis of the shift lever position signal Splev, and determines whether there is a
change from the H position or any one of the traveling operation positions (R and D

operation positions) to the N operation position. . When the operation position

- determination unit 82 determines that there is a change into the N operation position, the

operation position determination unit 82 determines whether the shift lever 32 has been
continuously held at the N operation position. While the operation position determination

unit 82 determines that the shift lever 32 has been continuously held at the N operation

“position, the operation position determination unit 82 counts (counts up) a time during

which the N operation signal Npos has been continuously output, on the basis of the sensor
signal corresponding to the N operation position (N operation | signal Npos). The
operation stition determination unit 82 determines whether the N operation signal Npos
has been continuously output for the second predetermined time T2 or longer (that is,
whether the shift lever 32 has been continuously held ait the N operation position for the
second predetermined time T2 or longer). |

[0044] | When the operation position determination unit 82 determines that the N
operation signal Npos has been continuously output for the second predetermined time T2
or longer while the shift lever 32 is held at the N loperation position, the shift range change

control unit 86 changes the shift range of the automatic transmission 18 to the N range
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(finally determines the N range).”

[0045] | When the shift range change control unit 86 finally determines the N range
while the shift lever 32 is held at the N operation position, the change request setting unit
84 disables the request to change into the N range (for exafnple, sets the range change
féquest signal Nreq to the off state). | |

[0046] By executing the above-described control method, for exarﬁple, in process
of such an operation of the shift lever 32 that the shift lever 32 is operated from the H
position to the N operation position and then returned to the H position without passing
through any one of the traveling operation positions (R and D operation positions), when |
the shift lever 32 has been continuously held at the N operation position for the second
predetermined time T2 oi longer, it is possible to quickly change the shift range to the N
range not ét the time when thé shift lever 32 has been returned to the H position but at the
time when the shift lever 32 is kept at the N operation position on the éssumption that the
driver has an intention to change into the N range‘. In procéss of such an opefation of the
shift lever 32 that the shift lever 32 is operéted from the H position to the N operation
position and _theh passes through any one of the traveling bperation positions (R and VD
operation positions), when the shift iever 32 has been continuously held at the N operation
position for ‘the second predetermined time T2 or longer, it is possible to éhange the shift
range to the N fange in advance of a change into any one of the traveling ranges (R and D

ranges) corresponding to the traveling operation poSitions (R and D operation positions)

" when the shift lever 32 is kept at the N operation position on the assumption that the driver

~ has an intention to change into the N range. In process of such an operation of the shift

lever 32 that, after the shift range has been changed to any one of the traveling ranges (R
and D ranges) corresponding to the traveling operation positions (R and D operatisn
positions), the shift»leve; 32 is operated from the any one of the traveling operation
positions (R and D operation pdsitions) to the N operation position and then returned to the.
H position, when the shift lever 32 has been continuously held at the N operation position
for the second predetefmined time T2 or longer, although there is a history that the shift

lever 32 has passed through any one of the traveling operation positions (R and D
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operation positions), it is possible to change the shift range to the N range at the time when

the shift lever 32 is kept at the N operation position on the assumption that the driver has

an intention to change into the N range.

[0047] FIG. 9 is a flowchart that illustrates control operations of the electronic

control unit 80, and is, for example, repeatedly executed at an extremely short cycle time

- of about several milliseconds to several tens of milliseconds. The control operations of

" the electronic control unit 80 are control operations for further improving the

controllability of a change' into the N range. The control operations shown in the
flowchart of FIG. 9 are exechtedv m parallel with the control operations shown in the
flowchart of FIG. 5. FIG. 10, FIG. 11 and FIG. 12 are examples of the time chart in the
case where the control roperati'ons shown in the flowchart of FIG. 9 are executed. »
[0048]  As shown in FIG. 9, initially, in S210 corresponding to the operation
position determinationv unit 82, for example, it is determined whether there is a change -
from the H position or ariy one of the traveling operation positions (R and D operaiion

positions) to the N operation position. When negative determination is made in $210, the

routine is ended. On the other hand, when affirmative determination is made in S210 (see

- t1 timing in FIG. 10, t1 timing and t8 timing in FIG. 11, and t1 timing.and t5 timing in FIG.

12), for example, a time during which the N operation signal Npoé has been continuously

_ output is counted up in S220 corresponding to the opefation position determination unit 82.

Subsequently, in S230 corresponding to the operation position determination unit 82, for

example, it is determined whether the N operation-signal Npos has been cdntinuously

” oﬁ'tput for the second prédetermined time T2 or longer (see from t1 timing in FIG.,10, from

t1 timing and t8 .timi’né in FIG. 11, and from t1 timing and t5 timing in FIG. 12). When
negative 'determination is made in S230, for example, it is determined in S240

corresponding to the operation position determination 'unit 82 whether the shift lever 32

~ has been continuously held at the N operation position. When negative determination is

made in S240, the routine is ended. On the other hand, when affirméti_ve determination is
made in S240, the process is returned to S220. When affirmative determination is made

in $230 (see t3 timing in FIG. 10, t3 timing in FIG. 11, and t6 timing in FIG. 12), for
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example, the N range is finally determined as the shift range of the-automatic transmission
18 in'S250 corresponding to the shift. range change control unit 86 (see t4 timing in FIG. 10,
t5 timing in FIG. 11, and t7 timing in FIG. 12). Subsequenﬂy, in S260 correspbnding to
the f:hange request setting unit 84, for example, the range change request .signal ‘Nreq that
has been in the onrAstate because of the fact that the N operation signal Npos has beén
continuously output for the first predet‘ermined time T1 or longer is set to the off state (see
tS timing in FIG. 10, t6 timing in FIG. 11, and t8 timing in FIG. 12).

[0049]  FIG. 10 is an example of the‘c,ase where the shift lever 32 is not operated
to any one of the trave]ihg opératibn positions (R and D oberation p(_)s'itions).. FIG 11 and

FIG. 12 are examples of the case where the shift lever 32 is operated to the R operation

: position.  The t3 timing to the t5 t“i‘ming in FIG. 10, the t3 timing, the t5 timing and the t6

timing in FIG. 11, or the t6 timing to the t8 timing in FIG. 12 are substantially the same

- timing in each time chart; however, the intervals are provided in order to clearly indicate

the time sequence. The dashed-line arrows in FIG. 10, FIG. 11 and FIG. 12 sequentially |
indicate the time sequence. A vehicle state in FIG. 10, FIG. 11 and FIG. 12, as well as that

of FIG. '6, FIG. 7 and FIG. 8, indicates a controlled state of the shift range (shift range

| change control command signal Srange).

[C0S0] In FIG. 10, as showri at t3 timing, because of the fact that the shift lever 32
has been continuously held at the N operation’ position for the second predetermined time

T2 or lohger, the shift range of the automatic transmission 18 is changed from the D range

to the N range and the N range is finally determined at t4 timing, and the rangé change

request signal Nreq is set to the off state at t5 timing after the final determination of the N

range. In FIG. 11, as shown at t3 timing, because of the fact thét the shift lever 32 has
been continuously held at the N operatidn position for the second predetérmihed time T2 or
longer, the shift range of the automatic transrhission 18 is changéd from the D range to _the‘
N range and the N range is finally determined at.t5 tifning, énd the range cﬁange request

signal Nreq is set to the off state at t6 timing after the final determination of the N range.

After that, as shown at t7 timing, the shift range is quickly changed to the R range. In FIG

12, as shown at t6 timing, because of the fact that the shift lever 32 has been continuously
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held at the N operation position for the second predetermined time T2 or longer via the R
operation position, the shift range of the automatic transmission 18 is changed from the R

range to the N range and the N range is finally determined at t7 timing, and the range

change request signal Nreq is set to the off state at t8 timing after the final determination of

the N range.

[0051]  As described above, according to the present embodiment, in addition to
similar advantageous effects to those of the above-described first émbodimbent, when the
shift lever 32 has beeﬁ continuously held at the N operation position for the second
predetermined time T2 or longer while the shift lever 32 is kept at the N op.eration‘ position,
the shift range change control unit 86 is allowed to change the shift range to the N rang’e on
the assumption that the driver has an intention to change into the N range. |

[0052] In the above-described first and second embodiments, the operation device

~ 30 is configured such that the shift lever 32is operated in the h-shaped shift gate. Instead,

an operation device in which the shift lever 32 is operated in any one of shift gates shown
in FIG. 13 to FIG. 18, other than vthe h-shaped shift gate, may be used. - The operation
devices shown in FIG. 13 to FIG. 18 each are a momentqu%ype operation device as well as
the operat'ioh device 30, in which an oi)e'rator (shift lever 32) returns to the initial position
in a state where no external force is applied.

[0053] - FIG. 13 is a view that shows an example of a morﬁentary-type operation
device 100 in which the shift lever 32 is operated in a straight shift gate. As shown in .F_IG.
13, the shift lﬁ:ver 32is operable into each of R operation position, N operation position, H
position,‘ N operation position and i'D operation position arranged svequentially in a straight
line. The shift lever 32 is selectively operated by the driver from the H position to any
one of the traveling oper'ation positions (R and D 6peration positions) via the N operation -
position. | | | | -
o [0054] FIG. 14 is a view that shows an example of a momentary-type operation
device 110 in which é dial opérator 112 is operated. ~As shown in FIG. “14, the operator
112 has a dial shape, and is operated into each of R operafion position, N operation

position, H position, N operation position and D operation position sequentially in the
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circumferential direction of the dial shape. The operator 112 is selectively operated by
the driver from the H position to any one of the traveling operation positions (R and D
operation positions) via thé N operation position.

[0055] FIG. 15isa view that shows an example of a momentary-type operatibn
devicé 1-20 in which the shift lever 32 is operated in an H-shaped shift gate. As shown in
FIG. .15, the shift lever 32 is operable into each of R operation position, N operation
position, D operation position, acceleration operation position (+), H position and
deceleration operation position (-). The R operatioh pbsition, the N operation position
and the D operation position afe sequentially arranged in a straight line. The acceleration |
operation position (+), the H position and the deceleration operation position (-) are
arranged parallel to fhe R operation position, the N operation position and the D operation
position. The shift lever 32 is selectively opérated.,by the drivervfron‘l the H position to
any one ‘of the traveling operation positions (R and D .operation positions) via the N
operation position. The accéleration operation positidn (+) or the _d_eCeleration operation
position (-) is, for example, an operation positivon that corresponds to a manual shift range
for shifting the automatic transmission 18 through driver's operation.

[0056] FIG. 16 is‘a view that shows an exampl{e of a momentary-iype operation

device 130 in which the shift lever 32 is operated in a T-shaped shift gate. As shown in

. FIG. 16, the shift lever 32 is operable into each of R operation position, N operation

position, D/B operation position and H position. The R operation position, the N
operation position ana the D/B operatioh pdsiﬁon are arranged sequentially in a straight
line. The H positi>0n is arrangéd so as to be connected to the N operation position. >’The
shift lever 32 is selectively operated by the driver from the H position to any bne of the
traveling operation pbsitions (R and D/B operation positions) via the N operation position.
When the shift léver 32 is operated into the D/B operation positioﬁ, the shift range is
changed between the D range- and the .B range each time the shift lever 32 is opera_fed into
the D/B operation position,

- [0057]  FIG. 17 is a view that shows an example of a momentary-type operation

device 140 in which the shift lever 32 is operated in a straight shift gate. As shown in FIG.
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17, the shift lever 32 is operable into each of R operation position, Nd operation position,
H position, Nr operation pbsition and_D operation position arranged sequentially in a

straight line. The shift lever 32 is selectively operated by the driver from the H ..positio.n

to the R operation position via the Nd operation position, and is selectively operated by the

driver from the H position to the D operation position via the Nr opération position. The
Nd operation’position and the Nr operation position basically have a similar function to
that of the N operation position in FIG. 13. However, the Nd operation position has the
function of passing thfough the N operation position when the shift range is the D range,

and the Nr operation position has the function of passing through the N operation position

* when the shift range is the R range.

[0058] FIG. 18 is a view that shows an example of a momentary-type operation
device 150 iﬁ which the shift lever 32 is operated in a straight shift gate. As shown in FIG.

18, the shift lever 32 is operated into each of the operation positions arranged sequentiélly

ina str'aigh't line. . In the operation device 150, the current shift range becomes H position,

and is arranged in order of P operation positioﬁ, R operation position, N operation position
and D operation positioyn. The shift lever 32 is operable into each of the operation
positions afranged seqﬁeniially in a straight line. In the operation device 150,‘ when the‘
shift lever 32 is operated in order to change the shift range between the R range and the D
range (when D. or R is set to the H position), the shift lever 32 is selectively oberated by the
driver from the H position to anj one of the traveling operaﬁon positions (.R, and D
operation positions) via the N operation positjbn. '

[0059] The embodiments of the inven_tioﬁ are dééc_ribed‘ in detail above. The
invention ‘may be applied to other embodiments. | |

[0060] = For example, in the time charts of FIG. 7, FIG. 11 and FIG. 12 according to-
the above-desCribed embodiments, ‘the case where the shift lever 32 is ‘oiperatedj into the R
operation position at the time when the shift range ’is the D range is illustrated. The same
applies to the case wﬁere the shift lever 32 is operated into the D operation positfon at the
time when the shift range is‘the R range.

[0061]  In the above-described embodiments, the operation device 30 includes the
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shift lever 32 and the P switch 38. However, the operation device 30 is not limited to this

. configuration. For example, the operation chice 30 just needs to be an operation device

that converts a driver's shift intention to an electrical signal. ~Specifically, the operation '

device 30 just needs to be an operation device that includes operation positions, an
operator and a position sensor. The operation positions include P, R, N, D operation

positions, and the like, éorresponding to the shift ranges. The operator is a lever, a dial,

or the like, that is operated into each of the operation positions. The position sensor

electrically detects that the operator has been operated into each of the operation positions.

Each of the operation devices 30, 100, 11}0,‘ 12.0,‘ 130, 140, 150 may be an operation device

corresponding to a so-called floor shift-iype operation system in which the shift lever 32‘

.(or operator 112) is installed on a floor lateral to a driver seat. Each of the operation

“devices 30, 100, 110, :120, 130, 140, 150 may be an operation device corresponding to a

so-called column shiftrthpe operation syStem in which the shift lever 32 is installed

laterally to a steerihg wheél. Eéch of the operation devices 30, 100, 110, 120, 1330,. 140,

150 may be an operation device, or the like, that employs the shift lever 32 v(or‘ the operator

112) installed in an instrument panel. ‘

[0062] .In the ‘above-‘d.escribed embodiments, an example in which the invention is -
applied to the change mechanism 16 that selectively Changes between the P range (the
parkiﬁg lock posi‘ti'on; the locked state) and one non-P range (the non-parking lock position,
the non-locked state) invinterlocking with the pivotal motion of the detent plafe 58 is
described. .However, the change mechanism 16 is not limited to this configuration; For
example, the invention may be apph’ed’iov a change mechanism that selectively changes

among the locked state and the plurality of non-locked states in 'corresp'onden(ce with the

- shift vrangeé, such as the P, R, N and D ranges.

[0063] In the embodiments of the invention, the automatié transmissi'dn may be
formed of a transmission only, or is formed of a torque converter and a transmission having
a plurality of speed ratios, or is fofmed of a speed reduction mechanism and a differential
mechanism in addition to the tranémission, or the like. The transmission may be a known

planetary gear automatic transmission, a known synchromesh parallel-two-shaft
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transmission, a known dual clutch transmission (DCT), a known belt-type continuohsly
variable transmission, a known traction-type continuously variable iransmission, an
automatic transmissién that functions as an electrical continu()us}y variable transmission,
an automatic transmission tﬁat is mounted on a so-called parallel hybrid vehicle, or the like.
The electrical cont.inuously‘\}ariavble tfahsmiésion includes a.differentiavl mechanism and a
second electric motor.  The differential mechanism is, for example, formed of a planetary
gear train that splits power _from an engine between.a first electric motor and an output
shaft. The second eléctric motor is provided on the output shaft of the differential
mechanism. The speed ratio of the electrical continuously variable transmission is
electrically changéd» so that a major part of power from the engin‘e is mechanically
transmitted toward drive wheels through differential acﬁoh of the differential mechanism,
and the remaining part of power from the engine is electrically transmitted from the first
electric motor to the second electric mvotor, with the use of an electrical péth. In the
parallel hybr'idkveh‘icle, an electric motor is prbvided so as.to be able to traﬁsmit power to -
an engine shaft, an output shaft, or the like.

[0064] - In the aspect of the invention, for example, in process of such an operation

“of the operator that the operator is operated from the initial position to the neutral operation

position and then returned to the initial position without passing through any one of the
traveling operation positions, when the operator has been continuously held at the neutral
operation position for the second predetermined time or longer,. it is posSible to quickly

change the shift range to the neutral range not at the time when the operator has been

returned to the initial position but at the time when the operator is kept at the neutral

operation position on the assumption that the driver has an intention to chénge into the
neutral range. In process of such an operat.i(')vn of the operator that the operator is op\.erated
from ‘therinitial position to the neutral operation position and then paSses through any one
of the tr'aveliﬁg" operation positions, when the obe;étor has been continuously held at the
neutral operation position for the second predetermined time or 1dnger,' it is possible to
change the shift range to the neutral range in advance of a change into any one of the

traveling ranges corresponding to the traveling operation positions at the time when the
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operator is kept at the neutral operation position on the assumption that the driver has an

~ intention to change into the neutral range. In process of such an operation of the operator

thaf, after the shift range has been changed jntp any one of the traveling ranges
correspondfng to the traveling operation positions, the operator is changed from the any |
one of the traveling operation positions to the neutral operation position and then returned
to the initial position, when the opefator has been continuously held at thé neutral
operation position for the second predetermined time or longer, although there is a
history that the operator has passed through any one of the traveling dperation positions, it
is possible to change the shift range to the neutral range when the operator is kept at the
neutral operation position on the assumption that the driver has an intention to change into
the ncu.tr’al range.

‘ [0065] Thé above-described embodiments are only illustrative, and thévinvention
may be implemehted in modes including various modifications or improvements on the

basis of the knowledge of persons skilled in the art.
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CLAIMS:

1. A control system for a vehicle, the control system comprising:

an automatic transmission; | |

an operation device including an operator, the operator being a momentary opefator
that is returned to an initial position in a state where no external force israpplied,» the
operator being configured to be selectively operated by a driver from the initial position to
any one of a plurality of traveling operation positions" via a neutral operation position, the
* neutral operation positioh Correéponding to a neutral range of the automatic transmission,
‘the plurality of traveling operation positions éorrespohding to a plurality of traveling
ranges of the automatic transmission; and | |

| an electronic control unit configured to

(1) change a shift range of the automatic transmission based on the initial
position, the neutral operation position and the fraveling operation positions,

(2) when the ‘operator is operated from the initial pbsition to the neutral
operation position and then returned to the initial position, change the' shift fange to
the neutra.l range, |

(3) when the operator does not pass through any one of the traveling operation -
positions while (i)'the, operator is operated from the initial position to the neutral
operation pos_itivon and then (ii) the dperator is returned to the initial position, and .
when the operator is continuously held at the neutral opefation position for a firsﬁ
predetermined time or longer, charige the shift range to the neutral range, and |

(4) when the operator passes through at least one of the traveling operation

- positions while‘ (i) the operator is operated from the initial position to the neutfal
operation position and then (11) the operator is returned to fhe initial position, prohi_b.it
‘a change of the shift range to the neutral range even when the operatof is

continuously held at the neutral operation Position for the first predetermined time or

longer.
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2. The control system according to claim 1, wherein
» the electronic contrb_l unit is configured to |
() when the cpcrator is continuously held at the néutral operation p_osiﬁon for
the first predetermined time or longer, cnable a request to change into the neutral
range, and. |
(1) when the rcquest to change into the neutral range is.enabled at the time
when the operator is returned from the ncutral operation position to the initial
~position, and when the operator 'do\es not pass through any one of the traveling
operation‘ positions while the operator is operatcd from the initial positicn to the
neutral operation position and then returned to the initial position, change the shift

range to the neutral range.

3. The control system according to claim 1 or 2, wherein

the electronic control unit is configured to, when the opefator is continuously held at
the neutral operation position for a secon‘d predetermined time or longcr, change the shift
range to the neutral range irrespective of whether or notﬂ‘ the operator is returned to the
initial position, and | |

the second predetermined time is longer than the first predetermined time.
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