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(54) STOP CONTROL DEVICE OF VEHICLE

(57) A vehicle stop control device is provided which
prevents, when a traveling mode is switched, unintended
movement of a vehicle in which all wheels are capable
of being independently turned, and which can travel in a
non-normal mode. Provided is: traveling mode switching
section (41) which can switch among a lateral movement
mode, a pinwheeling mode, a normal traveling mode,
and a parking mode, as a control mode for selecting op-
eration combined by turning devices (4) and traveling
drive mechanisms (5); and turning timing shift part (32c)
configured to shift the timing for turning at least one of
all the wheels (1), (2) relative to the timing for turning the
other ones of the wheels at the time of mode switching
by the traveling mode switching section (41).
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Description

CROSS REFERENCE TO THE RELATED APPLICA-
TION

[0001] This application is based on and claims Con-
vention priority to Japanese patent application No.
2013-114949, filed May 31, 2013, the entire disclosure
of which is herein incorporated by reference as a part of
this application.

BACKGROUND OF THE INVENTION

(Field of the Invention)

[0002] The present invention relates to a vehicle stop
control device configured to prevent unintended back-
ward movement or the like of a vehicle in which all wheels
are capable of being independently turned and driven
wheels are capable of being independently driven to trav-
el.

(Description of Related Art)

[0003] Electric cars or the like in which all wheels are
capable of being independently turned and driven wheels
are capable of being independently driven to travel, have
been suggested. Such cars can move in a special mode,
i.e., non-normal or unusual mode, in which conventional
cars cannot move. The special or non-normal mode in-
cludes, for example, pinwheeling that allows a vehicle
body to be turned or pinwheeled about the center thereof,
and lateral movement that allows the vehicle body to be
moved directly sideways. Therefore, garaging, move-
ment to a parking space, or direction change in a narrow
space or road, can be freely performed (Patent Docu-
ment 1).

[Related Document]

[Patent Document]

[0004] [Patent Document 1] JP Patent No. 4541201
[0005] In the car that can travel in the non-normal
mode, it is difficult to perform driving operation for the
pinwheeling, the lateral movement, or the like, by oper-
ating a steering wheel and an accelerator pedal. Further,
it is sometimes difficult to perform appropriate driving op-
eration according to the situation, by automatic driving
operation by means of dedicated buttons operation.
[0006] Therefore, the applicant of the present invention
suggests a technique providing traveling mode switching
section which is capable of switching among a lateral
movement mode, a pinwheeling mode, and a normal
traveling mode, as a control mode for selecting operation
combined by means of a turning device and a traveling
drive mechanism (Japanese Patent Application No.
2011-258656, Japanese Patent Application No.

2011-258657). However, when the traveling mode
switching section switches the mode, there may be a
case where all wheels are oriented in the same direction,
that is, parallel to each other. Therefore, when a vehicle
performs switching of the mode on a slope or the like,
unintended backward movement or the like of the vehicle
may occur due to the inclination of a slope. If the mode
is switched in a state where the brake is applied, load on
a worm gear is increased.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide
a vehicle stop control device configured to prevent, when
a traveling mode is switched, unintended movement of
a vehicle in which all wheels are capable of being inde-
pendently turned, and which can travel in a non-normal
mode.
[0008] Hereinafter, the present invention will be de-
scribed with reference to reference numerals used in em-
bodiments for the sake of facilitating the understanding.
[0009] A vehicle stop control device according to the
present invention performs stop control for a vehicle in-
cluding four or more wheels 1, 2 and turning devices 4
capable of independent turning of the wheels 1, 2, the
wheels 1, 2 having driven wheels being independently
driven to travel by respective traveling drive mechanisms
5 with motors, and the vehicle stop control device com-
prises, as a control mode for selecting operations com-
bined by the turning devices 4 and the traveling drive
mechanisms 5:

a lateral movement mode in which each wheel 1, 2
is laterally oriented with respect to a front-rear direc-
tion of the vehicle, and each driven wheel is rotated
so as to roll in a same lateral direction;
a pinwheeling mode in which the wheels 1, 2 are
oriented in a direction along a common circumfer-
ence, or in a direction along any of circumferences
of a plurality of concentric circles, and each driven
wheel is rotated in a same direction when seen from
a center of a vehicle body;
a normal traveling mode in which driving operation
for normal traveling other than driving operation in
the lateral movement mode or the pinwheeling mode
is performed; and
a parking mode in which the vehicle is stopped.

[0010] The vehicle stop control device further compris-
es:

a traveling mode switching section 41 capable of
switching between the modes; and
a turning timing shift part 32c configured to shift tim-
ing for turning at least one of all the wheels 1, 2 rel-
ative to timing for turning the other ones of all the
wheels at a time of mode switching by the traveling
mode switching section 41.
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[0011] In this configuration, the mode is switched
among the lateral movement mode, the pinwheeling
mode, the normal traveling mode, and the parking mode
by the traveling mode switching section 41. For example,
after the vehicle has reached a destination in the normal
traveling mode, a driver operates the traveling mode
switching section 41, whereby the mode can be switched
to the lateral movement mode or the pinwheeling mode.
Thus, garaging, movement to a parking space, direction
change in a narrow space or the like can be performed
easily. Therefore, with the operation of the traveling mode
switching section 41, the traveling mode can be switched.
When the mode is switched by the traveling mode switch-
ing section 41, the turning timing shift part 32c shifts the
timing for turning at least one of all the wheels 1, 2 relative
to the timing for turning the other wheels. At the time of
mode switching, a plurality of wheels 1, 2 to be turned
are not simultaneously turned, but the timing for turning
at least one of the plurality of wheels 1, 2 is shifted, where-
by a frictional force constantly acts between a road sur-
face and any of the wheels 1, 2 at the time of mode switch-
ing. Thus, unintended movement of the vehicle due to
disturbance such as an inclination can be prevented.
Therefore, unintended movement of the vehicle at the
time of switching the traveling mode can be prevented.
[0012] The turning timing shift part 32c may shift timing
for turning front wheels 1 relative to timing for turning rear
wheels 2. For example, when the mode is switched from
the lateral movement mode to the parking mode, the turn-
ing timing shift part 32c causes the turning devices 4 to
perform turning so as to delay the timing for turning the
left and right front wheels 1, 1 relative to the timing for
turning the left and right rear wheels 2, 2. Thus, at the
time of mode switching, the turning timing is shifted such
that the front and rear wheels 1, 2 do not become parallel
to each other simultaneously, whereby unintended
movement of the vehicle on a slope or the like can be
prevented.
[0013] The turning timing shift part 32c may shift timing
for turning front and rear right wheels 1, 2 relative to timing
for turning front and rear left wheels 1, 2. For example,
when the mode is switched from the lateral movement
mode to the parking mode, the turning timing shift part
32c causes the turning devices 4 to perform turning so
as to delay the timing for turning the front and rear right
wheels 1, 2 relative to the timing for turning the front and
rear left wheels 1, 2. Thus, unintended movement of the
vehicle on a slope or the like can be prevented. The turn-
ing timing shift part 32c may shift the timing for turning
all the wheels 1, 2.
[0014] A stopped-state turning control part 32b may be
provided which is configured to cause the turning devices
4 to turn one or more of the wheels 1, 2 toward a toe-in
or toe-out side by an amount greater than a defined turn-
ing amount command value, to perform hill hold of the
vehicle, after mode switching by the traveling mode
switching section 41. On a slope or the like, unintended
movement of the vehicle may occur even after the mode

has been switched. With this configuration, after the
mode switching, the stopped-state turning control part
32b causes the respective turning devices 4 correspond-
ing to one or more wheels 1, 2 to turn the one or more
wheels 1, 2 toward a toe-in or toe-out side by an amount
greater than a defined turning amount command value.
A frictional force between a road surface and the turned
wheels can prevent unintended movement of the vehicle.
[0015] The motors 6 may have inputted alternating cur-
rent. Each traveling drive mechanism 5 may be an in-
wheel motor drive device. Each of the motors 6 may have
a speed reducer. Each of the driven wheels may be driven
to travel by an onboard drive device including the motor 6.
[0016] Any combination of at least two constructions,
disclosed in the appended claims and/or the specification
and/or the accompanying drawings should be construed
as included within the scope of the present invention. In
particular, any combination of two or more of the append-
ed claims should be equally construed as included within
the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In any event, the present invention will become
more clearly understood from the following description
of preferred embodiments thereof, when taken in con-
junction with the accompanying drawings. However, the
embodiments and the drawings are given only for the
purpose of illustration and explanation, and are not to be
taken as limiting the scope of the present invention in
any way whatsoever, which scope is to be determined
by the appended claims. In the accompanying drawings,
like reference numerals are used to denote like parts
throughout the several views, and:

Fig. 1 is an explanatory plan view illustrating the ar-
rangement of various parts of a vehicle according to
a first embodiment of the present invention;
Fig. 2 is an explanatory view in which a block diagram
of a control system is superimposed or overlaid on
Fig. 1;
Figs. 3A-3D are explanatory plan views illustrating
operations in a normal traveling mode, a pinwheeling
mode, a lateral movement mode, and a parking
mode of the vehicle, respectively;
Figs. 4A and 4B show an example of a joystick in a
perspective view, and in a diagram illustrating an op-
eration of the joystick, respectively;
Fig. 5 is an explanatory plan view illustrating a normal
state in which turning timing shift part does not per-
form control for the vehicle;
Fig. 6 is an explanatory plan view illustrating a mode-
switch example 1 in the vehicle stop control device;
Fig. 7 is an explanatory plan view illustrating a mode-
switch example 2 in a vehicle stop control device
according to another embodiment of the present in-
vention;
Fig. 8 is an explanatory plan view illustrating a state
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where only front wheels are turned at a turning angle
greater than a normal turning angle, after switching
to the normal traveling mode, in a vehicle stop control
device according to a further embodiment of the
present invention;
Fig. 9 is an explanatory plan view illustrating a state
where only right wheels are turned at a turning angle
greater than a normal turning angle, after switching
to the normal traveling mode, in a vehicle stop control
device according to a still further embodiment of the
present invention;
Fig. 10 is an explanatory plan view illustrating a state
where only right wheels are turned at a turning angle
greater than a normal turning angle, after switching
to the lateral movement mode, in a vehicle stop con-
trol device according to a yet still further embodiment
of the present invention; and
Fig. 11 is an explanatory plan view illustrating a state
where only front wheels are turned at a turning angle
greater than a normal turning angle, after switching
to the normal traveling mode, in a vehicle stop control
device according to an even yet still further embod-
iment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0018] A first embodiment of the present invention will
be described with reference to Fig. 1 to Fig. 6. A vehicle
according to the present embodiment is an electric car
which has two left and right wheels 1, 1 serving as front
wheels and two left and right wheels 2, 2 serving as rear
wheels. All the wheels 1, 2 each include a turning device
4 which allows independent turning of its corresponding
wheel. In an illustrated example, the wheels 1, 2 are all
driven wheels that are each independently driven to trav-
el by a traveling drive mechanism 5 that includes a drive
source 6.
[0019] In this example, the traveling drive mechanism
5 is an in-wheel motor drive device including a wheel
bearing 7 supporting the corresponding wheel 1, 2, a
motor 6 serving as a drive source, and a speed reducer
or reduction gear 8 for reducing the speed of the rotation
outputted from the motor 6 and for transmitting the rota-
tion to a rotational bearing ring (not shown) of the wheel
bearing 7. The traveling drive mechanism 5 is an inte-
grated unit in which the wheel bearing 7, the motor 6,
and the speed reducer 8 are provided in a common hous-
ing, or in which these components are coupled to each
other. The integrated traveling drive mechanism 5 is pro-
vided via a suspension (not shown) in a vehicle body 3
so as to be rotatable about a vertically extending support
shaft 9. The motor 6 includes a rotation angle sensor 10
that outputs a rotation angle signal of a rotor (not shown)
of the motor. An inverter device, which will be described
later, acquires the rotation angle signal from the rotation
angle sensor 10, and performs control such as vector
control according to the rotation angle.
[0020] The turning device 4 includes a turning drive

source 4a including an electric motor or the like, and a
transmission mechanism 4b for transmitting the rotation
of the turning drive source 4a to the traveling drive mech-
anism 5. The transmission mechanism 4b includes a gear
train, for example. The turning device 4 of this example
uses a steer-by-wire system that is not mechanically
linked with a joystick 21 serving as steering input portion
or input element. Apart from this, the transmission mech-
anism 4b may be a combination between gears and a
rotation-rectilinear motion conversion assembly such as
ball screws or a rack-pinion mechanism.
[0021] This electric car can move in a normal traveling
mode shown in Fig. 3A and a non-normal traveling mode,
which is a pinwheeling mode in Fig. 3B or a lateral move-
ment mode shown in Fig. 3C, by a configuration in which
all the wheels 1, 2 each include the turning device 4 for
allowing independent turning of its corresponding wheel,
and a configuration in which all the driven wheels 1, 2
are each capable of being independently driven. Further,
the electric car can be in a parking mode shown in Fig.
3D. The normal traveling mode shown in Fig. 3A includes
normal straight traveling and traveling in the direction of
an arc-shaped curve, and is a traveling mode other than
the non-normal traveling modes which are the pinwheel-
ing mode and the lateral movement mode described be-
low. In the normal traveling mode, the left and right
wheels 1, 2 are turned in the same direction.
[0022] The pinwheeling mode shown in Fig. 3B is a
movement mode in which the vehicle body 3 is turned
there or pinwheeled about substantially the center there-
of as the center of rotation (with the radius of the gyration
being substantially zero). Specifically, the pinwheeling
mode is a movement mode in which the wheels 1, 2 are
aligned in a direction along a common imaginary circum-
ference C, that is, in the tangential direction, and the
wheels 1, 2 are driven to be rotated in the same direction
when seen from the center O of the circumference, as
indicated by arrows in the drawing. Accordingly, the left
and right wheels 1, 2 are turned from the straight traveling
direction to opposite directions to each other. In the pin-
wheeling mode, the wheels 1, 2 that are driven wheels
can be rotated either leftward or rightward by switching
the rotational direction between forward direction and re-
verse direction.
[0023] The lateral movement mode shown in Fig. 3C
is a movement mode in which the vehicle body 3 is moved
directly sideways or substantially directly sideways. Spe-
cifically, the lateral movement mode is a mode in which
the wheels 1, 2 are laterally oriented with respect to the
vehicle body 3, and the wheels 1, 2 serving as the driven
wheels are rotated so as to roll in the same lateral direc-
tion. The operation of changing the mode from the
straight traveling state in the normal traveling mode to
the lateral movement mode may vary depending on the
configuration of the turning device 4. In this example, the
wheels 1, 1 are oriented directly sideways, rather than
by simply increasing the turning angle, but by turning the
left and right wheels 1, 1 in opposite directions such that
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they are line-symmetrical with each other, as a state in
the process of turning shown in Fig. 3C by rounded rec-
tangles indicated by single dotted line for the wheels 1
on the front side. The same applies to the wheels 2, 2 on
the rear side. In a case of causing the wheels 1, 2 to turn
to move the vehicle body 3 sideways, in order to rotate
the wheels 1, 2 so as to roll in the same lateral direction,
the left and right wheels 1, 1 are driven to be rotated in
opposite directions to each other, and the left and right
wheels 2, 2 are driven to be rotated in opposite directions
to each other, whereby the wheels 1, 2 serving as the
respective driven wheels are rotated to roll in the same
lateral direction.
[0024] As shown in Fig. 3D, in the parking mode, the
vehicle is stopped at a turning angle such that the left
and right wheels 1, 1 serving as the front wheels are open
to the forward, and at a turning angle such that the left
and right wheels 2, 2 serving as the rear wheels are open
to the rearward. For example, each of the turning angles
may be about 45°, or be an angle such that the wheels
1, 2 are oriented radially from the center of the vehicle
body 3 as the radial center. In this case, the front and
rear wheels 1, 2 are at turning angles such that the front
wheels are bilaterally symmetric and the rear wheels are
bilaterally symmetric. Thus, parking at such turning an-
gles that causes the front wheels 1 and the rear wheels
2 to be bilaterally symmetric respectively prevents unin-
tended movement of the parked vehicle on a slope of a
road surface or the like.
[0025] Referring to Fig. 1, a driving operation system
will be described. In a compartment 3a of the vehicle
body 3, seats serving as a driver’s seat 11 and a pas-
senger seat 12 are provided. As the driving operation
system, the joystick 21 that concurrently serves as a
steering input portion and an accelerator operation por-
tion, and a brake operation element 22 are provided. For
example, the brake operation element 22 includes a
brake pedal or the like, and is provided on the floor in
front of the driver’s seat 11.
[0026] Fig. 4A is a perspective view of an example of
the joystick, and Fig. 4B illustrates an operation of the
joystick. As shown in Figs. 4A and 4B, the joystick 21 is
a generic term for input operation portion for allowing
input of both a turning direction and an operation amount,
by means of a single operation element manipulated by
the driver. For example, a lever-type joystick 21 as shown
in Fig. 4A may be adopted. In the joystick 21, a lever 21a
serving as an operation element can be tilted in any di-
rection in 360° around the entire circumference, from an
upright state which represents a neutral position. A func-
tion represented by the direction in which the lever 21 a
is tilted in the accelerator operation and the turning op-
eration varies according to the traveling mode as indicat-
ed below.

• In the case of the normal traveling mode:

The front-rear direction operation of the joystick

21 gives an accelerator operation amount. The
operation amount is proportional to an angle
(hereinafter, referred to as a tilt angle) by which
the lever 21a is tilted.
The lateral direction operation of the joystick 21
gives a steering amount of a steering handle.
The steering amount is proportional to the tilt
angle.
When the joystick 21 is tilted farthest in the di-
rection toward the middle between one o’clock
and two o’clock on the face of a clock, for exam-
ple, the torque in the forward direction is the larg-
est (for example, a total torque on the four
wheels is 400 Nm), and the turning angle is also
the largest (for example, 60°).

• In the case of the pinwheeling mode:

The front-rear direction operation of the joystick
21 causes No reaction.
The lateral direction operation of the joystick 21
corresponds to an accelerator operation
amount. The operation amount is proportional
to the tilt angle.
When the joystick 21 is tilted farthest in the di-
rection of three o’clock, for example, the torque
for the vehicle to turn right is the largest (for ex-
ample, a total torque on the four wheels is 400
Nm).

• In the case of the lateral movement mode:

The front-rear direction operation of the joystick
21 causes No reaction.
The lateral direction operation of the joystick 21
corresponds to an accelerator operation
amount. The operation amount is proportional
to the tilt angle.
When the joystick 21 is tilted farthest in the di-
rection of three o’clock, for example, the torque
for the rightward movement is the largest (for
example, a total torque on the four wheels is 400
Nm).

• In the case of the parking mode:

The front-rear direction operation of the joystick
21 causes No reaction.

[0027] The lateral direction operation of the joystick 21
causes No reaction.
[0028] Traveling mode switching section 41 for allow-
ing the traveling modes described with reference to Figs.
3A-3D to be switched by the operation of the driver is
provided. As shown in Fig. 2, the traveling mode switch-
ing section 41 includes a plurality of input operation por-
tions 42 to 45 and a mode switching control unit 34 pro-
vided in an ECU 31. Of the input operation portions 42
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to 45, the first input operation portion 42 provides a
switching preparation mode for allowing an operation
mode to be switched between a normal traveling opera-
tion mode and a non-normal traveling operation mode,
and includes, for example, an operation button provided
on the front surface of the joystick 21. The second to the
fourth input operation portions 43 to 45 select the pin-
wheeling mode, the lateral movement mode, and the nor-
mal traveling mode, respectively, and include each op-
eration button provided on the upper surface at the upper
end of the joystick 21. Further, for example, when a main
power supply of the electric car is turned off, more spe-
cifically, when an ignition switch is turned off, the parking
mode is selected. Input operation portion for selecting
the parking mode may be separately provided, or the
parking mode may be selected by combination of the
plurality of operation buttons among the input operation
portions 42 to 45. At least one of the input operation por-
tions 42 to 45 is not necessarily provided on the joystick
21, and may be provided on, for example, the surface of
a dashboard 24.
[0029] A control system will be described in conjunc-
tion with Fig. 2. In the vehicle, the ECU 31 outputs, to the
turning drive source 4a, a turning amount command val-
ue having a defined or predetermined ratio for the steer-
ing amount signal inputted via the joystick 21, so that the
stop control device controls the turning operation of the
turning device 4. The ECU 31 and a plurality of inverter
devices 39 are provided as control device for controlling
the turning devices 4 and the traveling drive mechanisms
5. The respective inverter devices 39 drive the motors 6
serving as the electric motors of the traveling drive mech-
anisms 5 for the corresponding wheels, and include a
power circuit unit such as an inverter to convert DC power
of a battery Bt (Fig. 5) to AC power, and a control circuit
unit for controlling the power circuit unit according to a
command from the ECU 31.
[0030] The ECU 31 is an electronic control unit for per-
forming central control and cooperative control of the en-
tire vehicle, and includes a microcomputer, an electronic
circuit, and the like. The ECU 31 is general control unit
for controlling the turning devices 4 and the traveling drive
mechanisms 5. The ECU 31 may include a plurality of
ECUs having different functions, and a collection of the
plurality of ECUs is described herein as the ECU 31. The
ECU 31 is provided with turning control unit 32, drive
control unit 33, and the mode switching control unit 34.
[0031] The turning control unit 32 includes a normal-
state turning control part 32a, a stopped-state turning
control part 32b, and turning timing shift part 32c. The
normal-state turning control part 32a is configured to out-
put, to the turning drive source 4a of each of the turning
devices 4, a turning amount command value defined for
the steering amount signal inputted via the joystick 21
serving as the steering input portion. The "steering
amount signal" means a signal representing the steering
direction and the magnitude of the steering amount. The
"turning amount command value" means a command val-

ue representing the drive direction and the magnitude of
the turning drive amount of the turning drive source 4a.
The defined turning amount command value may be free-
ly defined. However, in principle, the turning amount com-
mand value may be appropriately defined, for example,
by an actual vehicle test or a simulation so as to satisfy
a proportional relation in which the turning amount com-
mand value increases as the steering amount signal in-
creases.
[0032] The turning timing shift part 32c is configured
to shift the timing for turning at least one of all the wheels
1, 2 by, for example, several tens of milliseconds to sev-
eral seconds, relative to the timing for turning the other
wheels when the traveling mode switching section 41
switches the mode. To "shift timing" means not to set a
turning start time t1 for some of the wheels 1, 2 to be
turned equal to a turning start time t2 for the others of
the wheels 1, 2 to be turned, but to shift the turning start
time t1 relative to the turning start time t2 by, for example,
several tens of milliseconds to several seconds as de-
scribed above. Turning speeds for the wheels 1, 2 to be
turned while they are being turned are not made different.
An example of the timing shift will be described below.
When the mode is switched, a plurality of wheels to be
turned are not simultaneously turned, but the timing for
turning at least one of the wheels is shifted, whereby a
frictional force constantly acts between any of the wheels
and a road surface at the time of mode switching.
[0033] After the traveling mode switching section 41
has switched the mode, the stopped-state turning control
part 32b performs hill hold of the vehicle by the respective
turning devices 4 corresponding to one or more wheels
1, 2 to turn the one or more wheels 1, 2 toward the toe-
in or toe-out side by an amount greater than the defined
turning amount command value from the normal-state
turning control part 32a. An example of the wheels to be
turned will be described below. Hill hold of the vehicle
can be performed due to friction between the road surface
and the greatly turned wheels mentioned above.
[0034] The drive control unit 33 outputs a drive com-
mand such as a torque command to the inverter device
39 for the motor 6 of each of the wheels 1, 2, according
to a signal representing the accelerator operation amount
inputted via the joystick 21. The signal of the accelerator
operation amount includes an acceleration command, a
deceleration command, and a speed maintaining com-
mand.
[0035] The mode switching control unit 34 is configured
to switch the traveling mode among the normal traveling
mode, the non-normal traveling mode, and the parking
mode by a mode switching signal. In this example, the
mode switching control unit 34 includes, in addition to
the mode switching function, a normal traveling operation
mode control part 35, a non-normal operation mode con-
trol part 36, and a parking mode control part 37 that are
configured to cause the turning control unit 32 and the
drive control unit 33 to function according to the respec-
tively corresponding traveling modes. The mode switch-
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ing control unit 34 and the input operation portions 42 to
45 for mode switching constitute the traveling mode
switching section 41.
[0036] The normal traveling operation mode control
part 35 is configured to cause the turning control unit 32
and the drive control unit 33 to function so as to perform
a normal driving operation of the vehicle, that is, to per-
form a defined basic operation, by signals representing
a steering input (the above-described steering amount
and turning direction) and an accelerator operation
amount from the joystick 21 serving as the turning oper-
ation portion and the accelerator operation portion. The
basic operation is an operation for causing the normal-
state turning control part 32a of the turning control unit
32 to provide, in response to an input of the steering
direction, a command to turn in the direction indicated by
the input, and an operation for causing the drive control
unit 33 to provide a drive command according to the ac-
celerator operation amount.
[0037] When the mode is switched from the non-nor-
mal traveling mode to the normal traveling mode by the
traveling mode switching section 41, the turning timing
shift part 32c shifts the timing for turning at least one of
the plurality of wheels to be turned, as described above.
Variations of shifting the timing for turning the wheel at
the time of mode switching are, for example, as follows.
In each mode before mode switching, a parking state in
that mode is included. Also in each mode after mode
switching, a parking state in that mode is included.

(1) At the mode switching from the normal traveling
mode, the parking mode, or the pinwheeling mode
to the lateral movement mode:

(1-1) timing for turning the front wheels is shifted
relative to timing for turning the rear wheels.
(1-2) timing for turning the left wheels is shifted
relative to timing for turning the right wheels.

(2) At the mode switching from the parking mode,
the lateral movement mode, or the pinwheeling
mode to the normal traveling mode:

(2-1) timing for turning the front wheels is shifted
relative to timing for turning the rear wheels.
(2-2) timing for turning the left wheels is shifted
relative to timing for turning the right wheels.

[0038] The stopped-state turning control part 32b of
the turning control unit 32 performs hill hold of the vehicle
by causeing the turning devices 4 to turn one or more
wheels 1, 2 toward the toe-in or toe-out side by an amount
greater than the turning amount command value from
the normal-state turning control part 32a as described
above, immediately after the mode switching to the nor-
mal traveling mode. Thereafter, in the normal traveling
mode, the normal traveling operation mode control part
35 causes the normal-state turning control part 32a to

provide, according to a steering input from the joystick
21, a command to turn in the direction indicated by the
input, and causes the drive control unit 33 to provide a
drive command according to the accelerator operation
amount from the joystick 21.
[0039] For example, the stopped-state turning control
part 32b may perform hill hold of the vehicle by causing
the turning devices 4 to turn one or more wheels 1, 2
toward the toe-in or toe-out side by an amount greater
than the turning amount command value from the normal-
state turning control part 32a, immediately after the mode
switching from the normal traveling mode to the lateral
movement mode. Further, for example, the stopped-
state turning control part 32b may perform hill hold of the
vehicle by causing the turning devices 4 to turn one or
more wheels 1, 2 toward the toe-in or toe-out side by an
amount greater than the turning amount command value
from the normal-state turning control part 32a, immedi-
ately after the mode switching from the pinwheeling mode
to the lateral movement mode. Variations of increasing
the steering amount after the mode switching as de-
scribed above are, for example, as follows. In each mode
before mode switching, a parking state in that mode is
included. In each example, in a case where a plurality of
wheels are to be turned by a normal turning angle + α,
the wheels are turned so as not to be parallel to each
other.

(1) After the mode switching from the parking mode,
the normal traveling mode, or the pinwheeling mode
to the lateral movement mode:

(1-1) the front wheels or the rear wheels are
turned by the normal turning angle + α.
(1-2) the right wheels or the left wheels are
turned by the normal turning angle + α.

(2) After the mode switching from the parking mode,
the lateral movement mode, or the pinwheeling
mode to the normal traveling mode:

(2-1) the front wheels or the rear wheels are
turned by the normal turning angle + α.
(2-2) the right wheels or the left wheels are
turned by the normal turning angle + α.

[0040] Thereafter, the non-normal operation mode
control part 36 causes the drive control unit 33 to provide
a drive command according to the accelerator operation
amount from the joystick 21 in the lateral movement
mode. Even when the input of the steering direction and
the input in the accelerator are performed in similar man-
ner on the joystick 21, the turning control unit 32 and the
drive control unit 33 perform different operations because
of the intervention of the normal traveling operation mode
control part 35 and the non-normal operation mode con-
trol part 36.
[0041] Also at the time of mode switching from the nor-
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mal traveling mode or the lateral movement mode to the
pinwheeling mode by the traveling mode switching sec-
tion 41, the turning timing shift part 32c shifts the timing
for turning at least one of the plurality of wheels to be
turned, as described above. Thus, unintended rotation
of the vehicle can be prevented, and the vehicle can enter
the parking state. This is because, when a position of the
center of rotation and a position of the center of gravity
are different, the vehicle is likely to rotate although the
vehicle will not unintendedly move forward or backward.
After the mode switching from the normal traveling mode
to the pinwheeling mode by the traveling mode switching
section 41, and after the mode switching from the lateral
movement mode to the pinwheeling mode by the
traveling mode switching section 41, the stopped-state
turning control part 32b performs hill hold control to main-
tain the parking state.
[0042] Fig. 5 is an explanatory plan view illustrating a
normal state in which the turning timing shift part 32c
does not perform control for the vehicle. This will be de-
scribed in conjunction with Fig. 2. In this example, the
traveling mode is set to the normal traveling mode. In the
normal traveling mode, a torque for the motors 6 is spec-
ified by an operation amount via the joystick 21 moved
in the front-rear direction, and a turning angle for the turn-
ing devices 4 is specified by an operation amount via the
joystick 21 moved in the lateral direction.
[0043] Fig. 6 is an explanatory plan view illustrating a
mode-switch example 1 in the vehicle stop control device.
This example will be described in conjunction with Fig.
2. This example illustrates switching from the lateral
movement mode shown in chart (1) of Fig. 6 to the parking
mode shown in chart (3) of Fig. 6 via the position shown
in chart (2) of Fig. 6. At the time of mode switching from
the lateral movement mode to the parking mode by the
traveling mode switching section 41, the turning timing
shift part 32c operates the turning devices 4 so as to
delay the timing for turning the left and right front wheels
1, 1 relative to the timing for turning the left and right rear
wheels 2, 2 (chart (2) of Fig. 6). Thus, at the time of mode
switching, the turning timing is shifted such that the front
and rear wheels 1, 2 do not become parallel to each other
simultaneously, whereby unintended movement of the
vehicle on a slope or the like can be prevented. The turn-
ing timing is thus shifted, whereby shifting to the parking
mode as shown in chart (3) of Fig. 6 is eventually per-
formed.
[0044] Operation and effect will be described. The
mode is switched among the lateral movement mode,
the pinwheeling mode, the normal traveling mode, and
the parking mode, by the traveling mode switching sec-
tion 41. At the time of mode switching by the traveling
mode switching section 41, the turning timing shift part
32c shifts the timing for turning at least one of all the
wheels 1, 2 relative to the timing for turning the other
wheels. At the time of mode switching, the plurality of
wheels 1, 2 to be turned are not turned simultaneously,
but the timing for turning at least one of the plurality of

wheels 1, 2 is shifted, whereby frictional force constantly
acts between any of the wheels and a road surface at
mode switching. Thus, unintended movement of the ve-
hicle due to disturbance such as an inclination can be
prevented.
[0045] Other embodiments will be described. In the fol-
lowing description, the components corresponding to the
matters described in each of the preceding embodiments
are denoted by like reference numerals, and repeated
description is not given. When only a part of a configu-
ration is described, the other part of the configuration is
the same as described in the preceding description un-
less otherwise specified. The same operation and effect
can be obtained from the same configuration. A combi-
nation of parts that are specifically described in the em-
bodiments can be implemented, and, further, the embod-
iments may be partially combined unless such combina-
tions cause any problem.
[0046] Fig. 7 is an explanatory plan view illustrating a
mode-switch example 2 in a vehicle stop control device
according to another embodiment. This example will be
described in conjunction with the following drawings and
Fig. 2. At the time of mode switching from the lateral
movement mode to the parking mode by the traveling
mode switching section 41, the turning timing shift part
32c operates the turning devices 4 so as to delay the
timing for turning the front and rear right wheels 1, 2 rel-
ative to the timing for turning the front and rear left wheels
1, 2 (from chart (1) to chart (2) of Fig. 7). Thus, also at
the time of mode switching to the parking mode, the turn-
ing timing is shifted such that the left and right wheels 1,
2 do not become parallel to each other simultaneously,
whereby unintended movement of the vehicle due to dis-
turbance such as an inclination can be prevented. There-
after, shifting to the parking mode shown in chart (3) of
Fig. 7 is performed.
[0047] As shown in charts (1) and (2) of Fig. 8, after
mode switching from the lateral movement mode to the
normal traveling mode by the traveling mode switching
section 41 (from chart (1) to chart (2) of Fig. 8), the
stopped-state turning control part 32b may turn, for ex-
ample, only the front wheels 1, 1 toward the toe-in side
by an amount greater than the defined turning amount
command value. A frictional force between the road sur-
face and the turned front wheels 1, 1 can prevent unin-
tended movement of the vehicle.
[0048] As shown in charts (1) and (2) of Fig. 9, after
mode switching from the lateral movement mode to the
normal traveling mode by the traveling mode switching
section 41 (from chart (1) to chart (2) of Fig. 9), the
stopped-state turning control part 32b may, for example,
turn the right front wheel 1 toward the toe-in side by an
amount greater than the defined turning amount com-
mand value, and turn the right rear wheel 2 toward the
toe-out side by an amount greater than the defined turn-
ing amount command value. Also in this case, a frictional
force between the road surface and the turned front and
rear right wheels 1, 2 can prevent unintended movement
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of the vehicle.
[0049] At the time of mode switching from the parking
mode shown in chart (1) of Fig. 10 to the lateral movement
mode, the turning timing shift part 32c shifts, for example,
the timing for turning the front and rear left wheels 1, 2
relative to the timing for turning the front and rear right
wheels 1, 2 (not shown). After mode switching to the lat-
eral movement mode by the traveling mode switching
section 41, the stopped-state turning control part 32b
may, for example, turn only the front and rear right wheels
1, 2 by an amount greater than the defined turning
amount command value, as shown in chart (2) of Fig. 10.
Also in this case, a frictional force between the road sur-
face and the turned front and rear right wheels 1, 2 can
prevent unintended movement of the vehicle.
[0050] At the time of mode switching from the lateral
movement mode shown in chart (1) of Fig. 11 to the nor-
mal traveling mode, the turning timing shift part 32c shifts,
for example, the timing for turning the left and right rear
wheels 2, 2 relative to the timing for turning the left and
right front wheels 1, 1 (not shown). After mode switching
to the normal traveling mode by the traveling mode
switching section 41, the stopped-state turning control
part 32b may, for example, turn only the left and right
front wheels 1, 1 by an amount greater than the defined
turning amount command value, as shown in chart (2) of
Fig. 11. Also in this case, a frictional force between the
road surface and the turned left and right front wheels 1,
1 can prevent unintended movement of the vehicle.
[0051] In each of the above embodiments, while per-
forming hill hold of the vehicle, the stopped-state turning
control part 32b may display an indication to that state
on a display device of the vehicle. A driver or other pas-
senger can recognize that the vehicle is under hill hold
control by seeing information displayed on the display
device. The stop control device may be provided with a
switch for releasing hill hold of the vehicle performed by
the stopped-state turning control part 32b. Alternatively,
a configuration without the stopped-state turning control
part 32b may be provided. For example, according to the
driver’s preference or the like, by forcibly releasing hill
hold of the vehicle by use of the switch or with the con-
figuration without the stopped-state turning control part
32b, the vehicle can smoothly start without delay after
mode switching. The driven wheel may be driven to travel
by an onboard drive device including the motor 6.
[0052] Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings,
those skilled in the art will readily conceive numerous
changes and modifications within the framework of ob-
viousness upon the reading of the specification herein
presented of the present invention. Accordingly, such
changes and modifications are, unless they depart from
the scope of the present invention as delivered from the
claims annexed hereto, to be construed as included with-
in the scope.

[Reference Numerals]

[0053]

1, 2 wheel
4 turning device
5 traveling drive mechanism (in-wheel motor drive

device)
6 motor
32b stopped-state turning control part
32c turning timing shift part
41 traveling mode switching section

Claims

1. A vehicle stop control device which performs stop
control for a vehicle including four or more wheels
and turning devices capable of independent turning
of the wheels, the wheels having driven wheels being
independently driven to travel by respective traveling
drive mechanisms with motors, the vehicle stop con-
trol device comprising, as a control mode for select-
ing operations combined by the turning devices and
the traveling drive mechanisms:

a lateral movement mode in which each wheel
is laterally oriented with respect to a front-rear
direction of the vehicle, and each driven wheel
is rotated so as to roll in a same lateral direction;
a pinwheeling mode in which the wheels are ori-
ented in a direction along a common circumfer-
ence, or in a direction along any of circumfer-
ences of a plurality of concentric circles, and
each driven wheel is rotated in a same direction
when seen from a center of a vehicle body;
a normal traveling mode in which driving oper-
ation for normal traveling other than driving op-
eration in the lateral movement mode or the pin-
wheeling mode is performed; and
a parking mode in which the vehicle is stopped,
the vehicle stop control device further compris-
ing:

a traveling mode switching section capable
of switching between the modes; and
a turning timing shift part configured to shift
timing for turning at least one of all the
wheels relative to timing for turning the other
ones of all the wheels at a time of mode
switching by the traveling mode switching
section.

2. The vehicle stop control device as claimed in claim
1, wherein the turning timing shift part shifts timing
for turning front ones of the wheels relative to timing
for turning rear ones of the wheels.
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3. The vehicle stop control device as claimed in claim
1 or 2, wherein the turning timing shift part shifts tim-
ing for turning front and rear right ones of the wheels
relative to timing for turning front and rear left ones
of the wheels.

4. The vehicle stop control device as claimed in any
one of claims 1 to 3, further comprising a stopped-
state turning control part configured to, after the
mode switching by the traveling mode switching sec-
tion, cause the turning devices to turn one or more
of the wheels toward a toe-in or toe-out side by an
amount greater than a defined turning amount com-
mand value, to perform hill hold of the vehicle.

5. The vehicle stop control device as claimed in any
one of claims 1 to 4, wherein each traveling drive
mechanism is an in-wheel motor drive device.
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