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(57) Abrégée/Abstract:

To provide an automatic gear shifting control device of a vehicle which can execute, when the difference In rotational speed Is
generated between front and rear wheels at the time of deceleration, an automatic gear shifting control in response to the larger
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(57) Abrege(suite)/Abstract(continued):

rotational speed. An automatic gear shifting control device of a vehicle includes: a gear shifting control instruction part for executing
an automatic gear shifting operation of an AMT (automatic manual transmission) in response to at least vehicle-speed information;
a first sensor for detecting a rotational speed of a front wheel WF which constitutes a driven wheel; a second sensor for detecting a
rotational speed of a rear wheel WR which constitutes a drive wheel: and a rotational-speed-difference detection means for
detecting the difference In rotational speed between the front wheel WF and the rear wheel WR based on information from the first
sensor and Information from the second sensor. The control part is configured to execute an automatic gear shifting control in
response to the vehicle-speed information calculated based on the larger rotational speed out of the rotational speed of the front
wheel WF and the rotational speed of the rear wheel WR when the difference In rotational speed Is detected by the rotational-
speed-difference detection means. Even when the wheel from which the vehicle speed Is detected is locked or the rotational speed
of the wheel Is sharply lowered, the control part can execute an appropriate automatic gear shifting control which conforms to an
actual vehicle speed.
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ABSTRACT OF THE DISCLOSURE

To provide an automatic gear shifting control device of a vehicle which can
execute, when the difference in rotational speed is generated between front
and rear wheels at the time of deceleration, an automatic gear shifting control
in response to the larger rotational speed. An automatic gear shifting control
device of a vehicle includes: a gear shifting control instruction part for
executing an automatic gear shifting operation of an AMT (automatic manual
transmission) in response to at least vehicle-speed information; a first sensor
for detecting a rotational speed of a front wheel WF which constitutes a driven
wheel; a second sensor for detecting a rotational speed of a rear wheel WR
which constitutes a drive wheel; and a rotational-speed-difference detection
means for detecting the difference in rotational speed between the front wheel
WF and the rear wheel WR based on information from the first sensor and
information from the second sensor. The control part is configured to execute
an automatic gear shifting control in response to the vehicle-speed information
calculated based on the larger rotational speed out of the rotational speed of
the front wheel WF and the rotational speed of the rear wheel WR when the
difference in rotational speed is detected by the rotational-speed-ditference
detection means. Even when the wheel from which the vehicle speed is
detected is locked or the rotational speed of the wheel is sharply lowered, the
control part can execute an appropriate automatic gear shifting control which

conforms to an actual vehicle speed.
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AUTOMATIC GEAR SHIFTING CONTROL DEVICE OF VEHICLE

FIELD OF THE INVENTION

The present invention relates to an automatic gear shifting control device of a
vehicle, and more particularly to an automatic gear shifting control device of a
vehicle which is configured to execute, when the difference in rotational speed
between a front wheel and a rear wheel is generated at the time of deceleration,
an automatic gear shifting control in response to the larger rotational speed out
of the rotational speed of the front wheel and the rotational speed of the rear

wheel.

BACKGROUND OF THE INVENTION
Conventionally, there has been known a constitution which mounts a rotational

speed detection means on a drive wheel and a driven wheel of a vehicle
respectively and executes a specific control when the difference in rotational

speed is generated between both wheels.

JP-A-4-100739 discloses an acceleration slip prevention device which is
configured to detect a slip state based on the ditference in rotational speed
between a drive wheel and a driven wheel and to execute a traction control for
reducing a driving force of the drive wheel when the slip state is detected,
wherein the acceleration slip prevention device is configured to execute a low-u-

use gear shifting control in which a shift-up operation is executed earlier than a
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normal gear shifting control when the traction control is generated at high
frequency.

In a vehicle which executes an automatic gear shifting operation of a
transmission based on vehicle-speed information obtained from a rotational
speed of a predetermined vehicle wheel, for example, even when only the
predetermined vehicle wheel is temporarily locked, it is determined that a
vehicle speed is lowered, and an automatic gear shifting operation toward a low
gear side is executed. Particularly, such a phenomenon is liable to easily occur in
a motorcycle or a three-wheeled vehicle which operates brake devices
respectively mounted on a driven wheel and a drive wheel independently. For
example, when the predetermined wheel is locked at the time of operating
braking, gear shifting is automatically changed to assume a low change gear ratio
compared to an actual vehicle speed thus giving rise to a drawback that an

engine brake more than required is applied to the drive wheel.

A technique disclosed in JP-A-4-100739 is provided for changing a control of the
automatic gear shifting device by detecting a slip state of a vehicle during
traveling. Accordingly, in this technique, changing of a method of detecting the
difference in rotational speed between a driven wheel and a drive wheel at the
time of deceleration and controls an automatic gear shifting device based on the

detected difference in rotational speed is not sufficiently studied.

It is an object of the present invention to provide an automatic gear shifting
control device of a vehicle which can overcome the above-mentioned drawbacks
of the background art, and which can execute, when the difference in rotational
speed is generated between front and rear wheels at the time of deceleration, an
automatic gear shifting control in response to the larger rotational speed out of
the rotational speeds of the front and rear wheels.

SUMMARY OF THE INVENTION

The present invention is firstly characterized in that, in an automatic gear shifting

control device of a vehicle which includes a control part for executing an

automatic gear shifting operation of a transmission in response to at least vehicle-
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speed information, a first sensor for detecting a rotational speed of a front wheel
which constitutes a driven wheel, a second sensor for detecting a rotational speed
of a rear wheel which constitutes a drive wheel, and a rotational-speed-ditference
detection means for detecting the difference in rotational speed between the front
wheel and the rear wheel based on information from the first sensor and
information from the second sensor, the control part is configured to execute an
automatic gear shifting control in response to the vehicle-speed information
calculated based on the larger rotational speed out of the rotational speed of the
front wheel and the rotational speed of the rear wheel when the difterence 1n
rotational speed is detected.

According to the present invention, the automatic gear shifting control device of
the vehicle includes the control part for executing the automatic gear shifting
operation of the transmission in response to at least vehicle-speed information,
the first sensor for detecting a rotational speed of the front wheel which
constitutes the driven wheel, the second sensor for detecting a rotational speed of
the rear wheel which constitutes the drive wheel, and the rotational-speed-
difference detection means for detecting the difference in rotational speed
between the front wheel and the rear wheel based on information from the first
sensor and the second sensor, and the control part executes the automatic gear
shifting control in response to the vehicle-speed information calculated based on
the larger rotational speed out of the rotational speed of the front wheel and the
rotational speed of the rear wheel when the difference in rotational speed is
detected. Accordingly, even when the difference in rotational speed is generated
between the front and rear wheels at the time of accelerating or decelerating the
vehicle, it is possible to execute an appropriate automatic gear shifting control
which conforms to a traveling state of a vehicle. For example, in the case where
the vehicle is in a decelerating state, even when one of the front wheel and the
rear wheel is locked or a rotational speed of one of the front wheel and the rear
wheel is sharply lowered due to a braking operation, there exists no possibility
that the automatic gear shifting control toward a low-gear side (shift-down side)
is executed in response to the rotational speed of the corresponding wheel.
Accordingly, it is possible to prevent the generation of an engine brake more

than required due to excessive lowering of a change gear ratio of the
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transmission compared to an actual vehicle speed thus realizing the smooth
deceleration of the vehicle speed.

Further, a second aspect of the present invention is characterized in that the
control part executes a gear shifting operation of the transmission toward a shift-
up side when the difference in rotational speed is continuously detected for a
predetermined time or more.

According to the second aspect of the present invention, the control part executes
the gear shifting operation of the transmission toward the shift-up side when the
difference in rotational speed is continuously detected for a predetermined time
or more and hence, even when a vehicle speed is gradually lowered while
continuing a rear-wheel locked state due to a braking operation on a slippery
road surface or the like, it is possible to prevent the transmission from being
shifted toward a shift-down side corresponding to the lowering of the rotational
speed of the front wheel. Accordingly, there is no possibility that an engine

brake more than required is generated when a rear-wheel braking is released.

Further, a third aspect of the present invention is characterized in that the gear
shifting operation toward the shift-up side is executed until no difference 1n

rotational speed is detected.

According to the third aspect of the present invention, the gear shifting operation
toward the shift-up side is executed until no difference in rotational speed is
detected and hence, the longer the continuation time of the rear-wheel locked
state, the gear shifting operation toward a top-gear side advances whereby it is
possible to reduce the possibility that an engine brake more than required 1S
generated when the rear wheel brake is released.

Further, a fourth aspect of the present invention is characterized in that the
control part is configured to execute an automatic gear shifting control in
response to the vehicle-speed information calculated based on the larger
rotational speed out of the rotational speed of the front wheel and the rotational
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speed of the rear wheel when the difference in rotational speed is detected at the
time of deceleration of the vehicle speed.

According to the fourth aspect of the present invention, the control part is
configured to execute an automatic gear shifting control in response to the
vehicle-speed information calculated based on the larger rotational speed out of
the rotational speed of the front wheel and the rotational speed of the rear wheel
when the difference in rotational speed is detected at the time of deceleration of
the vehicle speed. Accordingly, it is possible to execute an appropriate automatic
gear shifting control which conforms to a traveling state of the vehicle when the
difference in rotational speed between the front and rear wheels is generated due
to the braking operation.

Further, a fifth aspect of the present invention is characterized in that the vehicle

is a motorcycle.

According to the fifth aspect of the present invention, the vehicle is a motorcycle
and hence, it is possible to apply the gear shifting control device which can
execute an appropriate automatic gear shifting operation even when sudden
braking is applied to a motorcycle.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are shown in the drawings, wherein:

Fig. 1 is a system constitutional view of an automatic manual transmission
according to one embodiment of the present invention and devices around the

automatic manual transmission.
Fig. 2 is a block diagram showing the constitution of an AMT control unit

according to one embodiment of the present invention and devices around the
AMT control unit.
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Fig. 3 is a flowchart showing a flow of a reference wheel change control
according to the present invention.

Fig. 4 is a graph showing one example of the transition of rotational speeds of
front and rear wheels at the time of deceleration.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, a preferred embodiment of the present invention is explained in

detail in conjunction with drawings. Fig. 1 is a system constitutional view of an
automatic manual transmission (hereinafter, referred to as an AMT) which
constitutes an automatic transmission applied to a motorcycle and devices
around the AMT. The driving of the AMT 16 connected to an engine 11 1s
controlled by a clutch-use hydraulic device 17 and an AMT control unit 18. The
engine 11 includes a throttle-by-wire (ITBW) type throttle body 19, and the
throttle body 19 includes a motor 20 for opening and closing the throttle.

The AMT 16 includes a multi-stage transmission gear 21, a first clutch 22, a
second clutch 23, a shift drum 24, and a shift control motor 25 for rotating the
shift drum 24. A large number of gears constituting the transmission gear 21 are
respectively joined to or loosely fitted on a main shaft 26, a counter shaft 27 and a
speed-change gear output shaft 28. The main shaft 26 is constituted of an inner
main shaft 26a and an outer main shaft 26b, the inner main shaft 26a is joined to
the first clutch 22, and the outer main shaft 26b is joined to the second clutch 23.
A clutch (not shown in the drawing) which is displaceable in the axial direction
of the main shaft 26 is mounted on the main shaft 26, while a clutch (not shown
in the drawing) which is displaceable in the axial direction of the counter shaft 27
is mounted on the counter shaft 27. End portions of shift forks 29 are
respectively engaged with cam shafts (not shown in the drawing) formed on
these clutches and the shift drum 24.

To the output shaft of the engine 11, that is, to a crankshaft 30, a primary drive
gear 31 is joined, and the primary drive gear 31 is meshed with a primary driven
gear 32. The primary driven gear 32 is joined to the inner main shaft 26a by way
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of the first clutch 22 and, at the same time, is joined to an outer main shaft 26b by
way of the second clutch 23.

A counter shaft output gear 33 which is joined to the counter shaft 27 is meshed
with an output driven gear 34 joined to the speed-change gear output shaft 28. A
drive sprocket wheel 35 is joined to the speed-change gear output shaft 28, and a
driving force is transmitted to a rear wheel WR (see Fig. 2) which constitutes a
drive wheel by way of a drive chain (not shown in the drawing) wound around
the drive sprocket wheel 35. Further, in the inside of the AMT 16, an engine
rotational speed sensor 36 arranged to face an outer periphery of the primary
driven gear 32 in an opposed manner and a gear position sensor 38 for detecting
a present gear stage position based on a rotational position of the shift drum 24
are arranged. Further, on the throttle body 19, a throttle sensor 47 which outputs

a throttle opening signal is mounted.

The clutch-use hydraulic device 17 includes an oil tank 39 and a pipe passage 40
for feeding oil stored in the oil tank 39 to the first clutch 22 and the second clutch
23. On the pipe passage 40, a pump 41 and a valve 42 are mounted, and a
regulator 44 is arranged on a return pipe passage 43 connected to the pipe
passage 40. The valve 42 is configured to apply oil pressure to the first clutch 22
and the second clutch 23 individually. Further, a return pipe passage 45 for
returning oil is also provided to the valve 42.

To the AMT control unit 18, a mode switch 49 for changing over an operation of
the AMT control unit 18 between an automatic transmission (AT) mode and a
manual transmission (MT) mode, and a shift select switch 50 which instructs the
AMT control unit 18 to perform a shift-up (UP) operation or a shift-down (DN)
operation are connected. The AMT control unit 18 includes a microcomputer
(CPU), and is configured to automatically or semi-automatically change over a
gear stage position of the AMT 16 by controlling the valve 42 and the shift
control motor 25 in response to output signals of the respective sensors and
switches.
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The AMT control unit 18 automatically changes over the transmission gear 21 in
response to information such as a vehicle speed, an engine rotational speed, and
throttle opening when the AT mode is selected. On the other hand, when the MT
mode is selected, the AMT control unit 18 performs the shift-up or shift-down
operation of the transmission gear 21 in accordance with the gear shifting
operation of the select switch 50. Here, also when the MT mode is selected, the
AMT control unit 18 may be configured to execute an auxiliary automatic gear
shifting control for preventing the excessive rotation or the stall of the engine.

In the clutch-use hydraulic device 17, oil pressure is applied to the valve 42 by
the pump 41, and the oil pressure is controlled by the regulator 44 for preventing
the oil pressure from exceeding an upper limit value. When the valve 42 is
opened based on an instruction from the AMT control unit 18, the o1l pressure is
applied to the first clutch 22 or the second clutch 23 so that the primary driven
gear 32 is joined to the inner main shaft 26a or the outer main shaft 26b by way of
the first clutch 22 or the second clutch 23. Further, when the valve 42 1s closed
and the application of the oil pressure is stopped, the first clutch 22 and the
second clutch 23 are biased in the direction which disconnects the engagement
between the primary driven gear 32 and the inner main shaft 26a or the outer
main shaft 26b due to a return spring (not shown in the drawing) incorporated in
the first clutch 22 and the second clutch 23.

The shift control motor 25 rotates the shift drum 24 in accordance with the
instruction from the AMT control unit 18. When the shift drum 24 is rotated, the
shift fork 29 is displaced in the axial direction of the shift drum 24 along a shape
of a cam groove formed in an outer periphery of the shift drum 24 so as to move
the clutch. Due to the movement of the clutch, the meshing of the gears on the
counter shaft 27 with the gears on the main shaft 26 is changed and hence, the
transmission gear 21 is shifted up or down.

Fig. 2 is a block diagram showing the constitution of the AMT control unit
according to one embodiment of the present invention and devices around the
AMT control unit. In Fig. 2, parts identical with the parts shown in Fig. 1 are
given the same symbols. The AMT control unit 18 includes a gear shifting
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control instruction part 60 which stores a gear shifting map 61 therein, a
reference wheel change means 62, and a rotational speed difference detection
means 63. The gear shifting control instruction part 60 which constitutes a
control part is configured to drive the shift control motor 25 and the valve 42 in
accordance with the gear shifting map 61 formed of a three-dimensional map
based on an output signal of the engine rotational speed sensor 36, an output
signal of the throttle opening sensor 53, an output signal of the gear position
sensor 38 and the vehicle-speed information described later.

The automatic gear shifting control device of the vehicle according to this
embodiment includes a first sensor 51 for detecting a rotational speed of the front
wheel WF which constitutes a driven wheel and a second sensor 52 for detecting
a rotational speed of the rear wheel WR which constitutes a drive wheel. The
automatic gear shifting control device is configured to detect the ditference in
rotational speed between the front wheel WF and the rear wheel WR using the
rotational-speed difference detection means 63. Here, the detection of a vehicle
speed during normal traveling, to consider the difference between an outer
diameter of the front wheel WF and an outer diameter of the rear wheel WR,

may be performed using either one of the first sensor 51 and the second sensor
52.

Here, when a braking force is suddenly applied to the motorcycle which includes
brake devices which respectively independently act on the front wheel WF and
the rear wheel WR, there exists possibility that the rear wheel WR from which
the load is easily removed is locked due to a loss of a gripping force between the
rear wheel WR and the road surface or the rear wheel WR assumes the low
rotational speed compared to an actual vehicle speed even when the rear wheel
WR does not reach a locked state. In this case, for example, when the automatic
gear shifting control device is configured to acquire vehicle speed information
which becomes the reference of the gear shifting control only from the second
sensor 52, the automatic gear shifting control toward a low-gear side 1is
sequentially executed corresponding to the lowering of the rotational speed of
the rear wheel WR. In this manner, when the automatic gear shifting is executed
corresponding to a temporary locking of the rear wheel WR, a low change gear
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ratio is selected compared to an actual vehicle speed and hence, there exists
possibility that an engine brake more than required is generated even when the
braking force applied to the rear wheel WR is released whereby a locked state of
the rear wheel WR continues. The automatic gear shifting control device ot the
vehicle according to this embodiment is characterized in that the rotational
speeds of the front and rear wheels are respectively detected, and when the
difference in rotational speed is generated between the front and rear wheels, the
automatic gear shifting control device executes the automatic gear shifting based
on the vehicle speed information detected from the larger rotational speed.

The rotational-speed-difference detection means 63 calculates the difference in
rotational speed between the front wheel WF and the rear wheel WR by
comparing information obtained by the first sensor 51 which detects the
rotational speed of the front wheel WF and is used as a driven wheel and
information obtained by the second sensor 52 which detects the rotational speed
of the rear wheel WR and is used as a drive wheel. Further, when the difference
in rotational speed is detected between the front and rear wheels, an instruction
for executing the automatic gear shifting in response to the larger rotational
speed is transmitted to the gear shifting control instruction part 60 by the
reference wheel change means 62. A value of the difference in rotational speed
which allows the reference wheel change means 62 to output the changing
instruction may be set in conformity with the vehicle-body constitution or the
like or may be increased or decreased in response to the value of the larger
rotational speed. Further, a predetermined waiting time (for example, 1 second)
may be set during a period from a point of time that the predetermined
difference in rotational speed is detected to a point of time that the reference
vehicle wheel is changed. Here, a ground-to face speed detection means 54
which inputs an output signal to the gear shifting control instruction part 60 1s
described later.

Fig. 3 is a flowchart showing a flow of a reference wheel change control
according to this embodiment. When the rotational speeds of the front and rear
wheels are respectively detected by the first sensor 51 and the second sensor 52
in step S1, it is determined whether or not the difference in rotational speed is
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generated between the front and rear wheels by the rotational-speed-ditference
detection means 63 in step S2. A value of the difference in rotational speed used
in this determination may be set to a value of 5km/h when expressed as a vehicle
speed, for example. When the determination in step S2 is affirmative, the
processing advances to step S4, and the reference wheel change means 62
instructs the gear shifting control instruction part 60 to execute the gear shifting
control in response to the larger rotational speed out of the rotational speeds of
the front and rear wheels. In this manner, a series of reference wheel change
control is finished. On the other hand, when the determination in step 52 is
negative, a normal gear shifting control is continued in step S3, and the
processing returns to step S1.

Here, the first sensor 51 and the second sensor 52 may preferably be formed of a
non-contact sensor which can measure a passing interval of a pickup portion
mounted on the vehicle wheel using a Hall element or the like. Further, the
rotational speed of the rear wheel WR may be calculated by a sensor (not shown
in the drawing) which detects a rotational speed of the shift gear in the inside of
the AMT 16 or the like in place of the second sensor 52.

Fig. 4 is a graph showing one example of the transition of the rotational speeds ot
the front and rear wheels at the time of deceleration. In this embodiment, a rear
wheel brake is operated at a point of time t1 during steady-state traveling during
which both the front wheel WF and the rear wheel WR are rotated with a
rotational speed N1, and only the rotational speed Nr of the rear wheel WR is
sharply lowered simultaneously with the operation of the rear wheel brake. For
the sake of brevity, Fig. 4 shows a state in which the front wheel WF 1s
continuously rotated with a rotational speed N1 without decelerating the vehicle
speed even when the rear wheel brake is operated. On the other hand, the rear
wheel WR loses a gripping force with a road surface and slips on the road surface
so that the rotational speed of the rear wheel WR is decelerated at predetermined
deceleration until the rotational speed reaches a rotational speed N2 at a point of
time t2.
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Here, when the automatic gear shifting operation device is configured to execute
the automatic gear shifting of the AMT 16 only based on the rotational speed Nr
of the rear wheel WR, corresponding to the decrease of the rotational speed Nr,
the automatic gear shifting operation is sequentially executed toward the low-
gear side from a change gear ratio R1. Accordingly, even when the rear wheel
braking is released, an actual vehicle speed is not lowered and hence, there exists
possibility that a locked state of the rear wheel WR continues due to an engine
brake generated on the rear wheel WR. To the contrary, according to the
automatic gear shifting control device of the vehicle of this embodiment, when
only the rotational speed Nr of the rear wheel WR is lowered and the difference
in rotational speed is generated between the front and rear wheels, the automatic
gear shifting control is executed based on the rotational speed Nf of the front
wheel WF and hence, the gear shifting control which conforms to an actual
vehicle speed is executed thus realizing the smooth deceleration of the vehicle
speed. On the other hand, when the front wheel WF is locked or the rotational
speed of the front wheel WF is lowered, the gear shifting control is executed
based on the rotational speed Nr of the rear wheel WR.

Here, the gear shifting control may be set such that the gear shifting is executed
forcibly toward a shift-up side when the difference in rotational speed between
the front wheel and the rear wheel is detected continuously for a preset time (for
example, 3 seconds) or more. In this case, for example, at the time of deceleration
on a slippery road surface or the like, even when the vehicle speed is gradually
lowered while a locked state of the rear wheel WR by a braking operation
continues, it is possible to prevent a phenomenon that the gear shifting is
executed toward the shift-down side corresponding to the lowering of the
rotational speed of the front wheel WF whereby there is no possibility that an
engine brake more than required is generated when the rear-wheel braking is
released. Further, the gear shifting control may be set such that the gear shifting
toward the shift-up side is executed until the difference in rotational speed
between the front wheel and the rear wheel is no more detected. In this case, the
longer the continuation time of the locked state of the rear wheel, the gear

shifting advances toward the top gear side and hence, it 1s possible to lower the
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possibility that an engine brake more than required is generated when the rear-
wheel braking is released.

Further, in place of the above-mentioned automatic gear shifting control device,
when the locking or the like is generated on both of front and rear wheels, the
gear shifting control can be also executed based on an against-road-surface speed
of the vehicle body. Accordingly, to the gear shifting control instruction part 60
shown in Fig. 2, the information from the against-road-surface speed detection
means 54 which directly measures the against-road-surface speed is inputted. In
the above-mentioned gear shifting control device, when the locking of the rear
wheel WR or the like occurs, the reference wheel for the vehicle speed detection
may be changed over to the front wheel WF. However, when the front wheel
WF is also simultaneously locked or the rotational speed of the front wheel WF is
lowered, there exists possibility that an actual vehicle speed cannot be detected.
In such a case, when the automatic gear shifting control device is In an
environment where the against-road-surface speed can be detected by the
against-road-surface speed detection means 54, the appropriate gear shifting
control can be executed using the against-road-surface speed as the vehicle
speed. In this manner, by simultaneously locking the front and rear wheels
temporarily, it is possible to prevent the change gear ratio from being excessively
lowered compared to the actual vehicle speed. Here, the against-road-surface
speed detection means 54 may be formed of an air speed meter of a traveling
wind, a GPS device or the like besides a photo sensor which detects a
predetermined pick-up part arranged on a road surface. Further, in executing
only the above-mentioned control of changing over the reference wheel, the
against-road-surface speed detection means 54 may not be necessary.

As described above, according to the gear shifting control device of the
motorcycle to the present invention, the rotational speed detection means is
provided to the front and rear wheels respectively, and when the difference in
rotational speed between the front and rear wheels is detected, the control part
executes the automatic gear shifting control in response to the vehicle-speed
information calculated based on the larger rotational speed out of the rotational
speed of the front wheel and the rotational speed of the rear wheel and hence, it
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is possible to execute the appropriate gear shifting control corresponding to the
actual vehicle speed even when the wheel from which the vehicle speed is
detected is locked or the rotational speed of the vehicle is sharply lowered by a
braking operation.

The value of the difference in rotational speed between the front wheel and the
rear wheel for executing the change control of the reference wheel, a waiting time
until the change control is executed after the detection of the ditference in
rotational speed and the like are not limited to the above-mentioned values in the
above-mentioned embodiment and can assume various values. For example, as
the change condition of the reference wheel, it may be possible to add a condition
that the rotational speed of the wheel from which the vehicle speed is detected
becomes a predetermined value (for example, 20km/h when expressed as vehicle
speed) or more or the like. Further, the automatic transmission may be
constituted of a V-belt-type continuously variable transmission which drives a
shift pulley using an actuator. Still further, the above-mentioned gear shifting
control device is applicable to a four-wheeled vehicle which includes two drive
wheels and two driven wheels, a three-wheeled vehicle which includes two rear
wheels which constitute drive wheels or the like.

Although various preferred embodiments of the present invention have been
described herein in detail, it will be appreciated by those skilled in the art, that
variations may be made thereto without departing from the spirit of the

invention or the scope of the appended claims.

WH-13366/cs
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWSE:

1. An automatic gear shifting control device of a vehicle, comprising:

a control part that is configured to execute an automatic gear shifting
operation of a transmission in response to at least vehicle-speed information;

a first sensor that detects a rotational speed of a front wheel, which
constitutes a driven wheel;

a second sensor that detects a rotational speed of a rear wheel, which
constitutes a drive wheel; and

a rotational-speed-difference detector that is configured to detect a
difference in rotational speed between the front wheel and the rear wheel based
on information from the first sensor and information from the second sensor,

wherein the control part is configured to execute an automatic gear
shifting control in response to the vehicle-speed information calculated based on
a larger rotational speed out of the rotational speed of the front wheel and the
rotational speed of the rear wheel when the difference in rotational speed

between the front wheel and the rear wheel is detected.

2. The automatic gear shifting control device of a vehicle according to
claim 1, wherein the control part executes a gear shifting operation of the
transmission toward a shift-up side when the difference in rotational speed is

continuously detected for a predetermined time or more.

3. The automatic gear shifting control device of a vehicle according to
claim 2, wherein the gear shifting operation toward the shift-up side is executed

until no difference in rotational speed is detected.
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4. The automatic gear shifting control device of a vehicle according to

claim 1, wherein the control part is configured to execute an automatic gear
shifting control in response to the vehicle-speed information calculated based on
the larger rotational speed out of the rotational speed of the front wheel and the
rotational speed of the rear wheel when the difference in rotational speed is

detected at a time of deceleration of the vehicle speed.

5. An automatic gear shifting control device of a vehicle according to

any one of claims 1 to 4, wherein the vehicle is a motorcycle.
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