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(57) Abrege(suite)/Abstract(continued):

disconnecting the transmission of power. The switching unit is provided with a driving shaft connected to the drive side, a driven
shaft fitted to the driving shaft via an annular clearance gap. A plurality of connecting/disconnecting members are provided In a
clearance between the driving shaft and the driven shaft for connecting or disconnecting the driving shaft and the driven shaft by
being fitted or disconnected to/from respective opposite surfaces. A switching mechanism Is provided for selectively positioning the
connecting/disconnecting members In a position in which the driving shaft and the driven shaft are connected and in a position In
which the driving shaft and driven shaft are disconnected. A control unit is provided for supplying driving current to the switching
mechanism by repeating continuous supply and supply by duty cycle control.
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ABSTRACT OF THE DISCLOSURE

To provide a vehicular two-wheel drive and four-wheel drive switching
system the power consumption of which can be reduced. A vehicular two-wheel drive
and four-wheel drive switching system is provided with a switching unit for
transmitting power or disconnecting the transmission of power. The switching unit is
provided with a driving shaft connected to the drive side, a driven shaft fitted to the
driving shaft via an annular clearance gap. A plurality of connecting/disconnecting
members are provided in a clearance between the driving shaft and the driven shaft for
connecting or disconnecting the driving shaft and the driven shaft by being fitted or
disconnected to/from respective opposite surfaces. A switching mechanism is
provided for selectively positioning the connecting/disconnecting members in a
position in which the driving shaft and the driven shaft are connected and in a position
in which the driving shaft and driven shaft are disconnected. A control unit is provided

for supplying driving current to the switching mechanism by repeating continuous

supply and supply by duty cycle control.
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VEHICULAR TWO-WHEEL DRIVE AND
FOUR-WHEEL DRIVE SWITCHING SYSTEM
BACKGROUND OF THE INVENTION
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority under 35 USC 119 to Japanese

Patent Application No. 2001-027955 filed on February 5, 2001 and Japanese Patent
Application No. 2001-038680 filed on February 15, 2001.

Field of the Invention
[0002] The present invention relates to a vehicular two-wheel drive and four-

wheel drive switching system.

Description of Background Art
[0003] Heretofore, a vehicle wherein two-wheel drive can be switched to four-
wheel drive is known.
[0004] Figs. 4 and 5 show an example of the above-mentioned vehicle 1 that
includes a body frame 3 in the center of which an engine 2 is mounted, a front wheel
4 and a rear wheel 5 are arranged on both sides of the front and the rear of the body
frame 3. A steering handlebar 6 is arranged above the front of the body frame 3 for
steering the front wheel 4. A fuel tank 7 is located above the engine 2 and attached
to the body frame 3. A seat 8 is attached to the rear of the fuel tank 7.
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[0005] As shown in Fig. §, each front wheel 4 1s supported by a suspension system
9 provided on both sides of the front of the body frame 3 so that each front wheel can
be vertically moved. Each rear wheel 5 1s supported by a suspension system 10
provided on both sides of the rear of the body frame 3 so that each rear wheel can be
vertically moved.

[0006] A final reduction gear for front wheels 13 and a final reduction gear for rear
wheels 14, respectively, connected to the engine 2 via propeller shafts 11 and 12 and
are provided in the center of the front and the center of the rear, respectively, of the
body frame 3. The right and left front wheels 4 and the right and left rear wheels 5 are
respectively connected to the final reduction gear for the front wheels 13 and the final
reduction gear for the rear wheels 14.

[0007] A two-wheel drive and four-wheel drive switching system for switching a
type of rear-wheel drive and a type of four-wheel drive by disconnecting motive
power to be transmitted to the front wheels 4 or transmitting motive power to the front

wheels 4 is provided between the final reduction gear for the front wheels 13 and the

propeller shaft 11 for example.

[0008] In the alternative, the two-wheel drive and four-wheel drive switching
system is provided between the rear propeller shaft 12 and the final reduction gear for
the rear wheels 14, and the type of front-wheel drive and the type of four-wheel drive
may be also switched.

[0009] The switching of the types of drive i1s suitably performed by a driver
according to the state of a road surface and the type of traveling.

[0010] For example, a two-wheel drive and four-wheel drive switching system
having structure shown in Fig. 7 1s proposed.

[0011] The drive type is switched according to the state of the road surface or the
type of running or the running type of the vehicle in case a difference in revolution
between a front wheel and a rear wheel 1s equal. to or greater than a set value. For
example, a two-wheel drive and four-wheel drive switching system having structure
shown in Fig. 7 is proposed.

[0012] The two-wheel drive and four-wheel drive switching system denoted by a
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reference number 15 1n Fig. 7 1s composed of two input shaft components 16a and 16b
formed by axially dividing the mput shaft 16 of the final reduction gear for the front
wheels 13 into two and matched on the same axis and a switching umit 17 for
connecting or disconnecting the shafts.

[0013] To describe in detail, a cylindrical positioning protrusion 18 1s provided 1n
the center of the end face of the input shaft component 16a located on the side of the
final reduction gear for the front wheels 13. A positioning concave portion 19 into
which the positioning protrusion 18 1s fitted so that the positioning protrusion can be
turned 1s formed in the center of the end face of the input shaft component 16b located
outside. Both input shaft components 16a and 16b are positioned on the same axis and
are connected so that they can be relatively turned by matching both input shaft
components 16a and 16b so that the positioning protrusion 18 and the positioning
concave portion 19 are fitted.

[0014] Splines S1 and S2 are formed on the respective peripheral faces of the
respective matched parts of both input shaft components 16a and 16b and the
switching unit 17 is provided so that it surrounds these matched parts.

[0015]  This switching unit 17 1s composed by a switching ring 20 on the nner
surface of which a spline is formed, which 1s fitted to the respective matched parts of
both input shaft components 16a and 16b so that the switching ring can be shid and the
spline of which 1s engaged with or is disengaged from the respective splines S1 and
S2 and a drive mechanism 21 formed by a solenoid for selectively moving the
switching ring 20 to a position in which the spline i1s engaged with only one input
shaft component 16a or a position in which the spline i1s simultaneously engaged with
the splines S1 and S2 of both input shaft components 16a and 16b by shiding the
switching ring 20 in the axial direction of both input shaft components 16a and 16b.
[0016] The two-wheel drive and four-wheel drive switching system 15 configured
as described above 1s turned to a two-wheel drive in which only the rear wheels are
driven by moving the switching ring 20 1n one direction by the drive mechanism 21,
engaging it with only one input shaft component 16a and disconnecting the

transmission of driving force to the front wheels 4. The switching system 15 1s turned
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to a four-wheel drive in which driving force is transmitted to the front wheels 4 and
the front wheels 4 and the rear wheels 5 are simultaneously driven by engaging the
switching ring 20 with the other input shaft compbnent 16b 1n a state in which the
switching ring 1s engaged with one nput shaft component 16a by sliding the
switching ring 20 and hereby, connecting both input shaft components 16a and 16b.
[0017]  As disclosed in Japanese published unexamined patent application No. Hei
8-216714, in four-wheel drive, the two-wheel drive and four-wheel drive switching
system 15 1s kept a state in which driving current 1s supplied.

[0018] For a method of switching drive types, as disclosed in Japanese published
unexamined utility model application No. Sho 62-25223 for example, when a
difference 1n the revolutions between the front wheels and the rear wheels 1s equal to
or greater than a preset predetermined value, a state of four-wheel drive 1s held to
enhance operating performance.

[0019]  That 1s, as shown in Fig. 8, in two-wheel drive, the supply of driving
current to the two-wheel drive and four-wheel drive switching system 15 is stopped
and 1n four-wheel drive, driving current 1s continuously supplied to the two-wheel
drive and four-wheel drive switching system.

[0020] However, such a conventional type two-wheel drive and four-wheel drive
switching system 135 has the following problems that require'improvement.

[0021]  That 1s, there 1s a problem that when there 1s difference in peripheral speed
between the front wheel 4 and the rear wheel 5 1n switching drive types, engagement
between the switching ring 20 and the input shaft component 16b does not function
and switching may be disabled.

[0022]  Even 1if switching 1s made, there 1s also a problem that the splines collide 1n
switching which results in the production of noise.

[0023] To solve such problems, a mechanism for synchronizing (aligning) the
spline of the switching ring 20 and the spline of the input shaft component 16b 1is
required, the structure becomes complex and when the two-wheel drive and the four-

wheel drive switching system 15 1s built. A construction of the mechanism is greatly

changed from the existing structure.
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[0024] In the meantime, as disclosed in Japanese published unexamined patent
application No. He1 8-216714, as driving current 1s continuously supplied to the two-
wheel drive and four-wheel drive switching system 15 in four-wheel drive, the power
consumption 1s large and 1t imposes a large load on a compact vehicle.

[0025] In addition, in a technique disclosed i Japanese published unexamined
utility model application No. Sho 62-25223, impact when the drive type is switched to
a four-wheel drive type is transmitted to a rider.

[0026]  As this impact 1s different according to the speed of a vehicle and the
driving condition of the vehicle such as a difference between forward travel and

reverse, 1t 1s desired that to reduce the possibility of the impact.

SUMMARY AND OBJECTS OF THE INVENTION

(0027]  The invention 1s made to solve such conventional type problems and the
object 1s to provide a vehicular two-wheel drive and four-wheel drive switching
system the configuration of which i1s simple, which can be built without changing the
existing configuration possibly, which hardly generates noise and in which impact
when a drive type is switched to a four-wheel drive type based upon difference in
revolution between a front wheel and a rear wheel can be inhibited. In addition, the
present invention reduces the power consumption of the switching system.

[0028] A vehicular two-wheel drive and four-wheel drive switching system
according to the present invention 1s provided with a switching unit provided on either
side of power transmission mechanisms, respectively, provided between an engine and
front wheels and between the engine and rear wheels for transmitting power in the
power transmission mechanism or disconnecting the transmission of power so as to
achieve the above-mentioned object. The switching unit is provided with a driving
shaft connected to the drive side. A driven shaft 1s fitted to the driving shaft via a
circular clearance gap. A plurality of connecting/disconnecting members are provided
In the clearance between the driving shaft and the driven shaft for connecting or
disconnecting the driving shaft and the driven shaft by being fitted or disconnected

to/from the respective opposite surfaces. A switching mechanism is provided for
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selectively positioning the connecting/disconnecting members in a position in which
the drive shaft and the driven shaft are connected and in a position in which the drive
shaft and the driven shaft are disconnected. A control unit 1s provided for controlling
the drive of the switching mechanism. The control unit supplies driving current to the
switching mechanism by repeating continuous supply and supply by duty cycle
control.

[0029] In addition, a vehicular two-wheel drive and four-wheel drive switching
system 1s provided according to the present invention with a switching unit provided
on either side of power transmission mechanisms, respectively, provided between an
engine and front wheels and between the engine and rear wheels for transmitting
power 1n the power transmission mechanism or disconnecting the transmission of
power so as to achieve the above-mentioned object. The switching unit is provided
with a driving shaft connected to the drive side. A driven shaft is fitted to the driving
shaft via a circular clearance gap. A plurality of connecting/disconnecting members
are provided in the clearance between the driving shaft and the driven shaft for
connecting or disconnecting the driving shaft and the driven shaft by being fitted or
disconnected to/from respective opposite surfaces. A switching mechanism 1is
provided for switching a four-wheel drive type in which the driving shaft and the
driven shaft are connected and a two-wheel drive type in which the driving shaft and
the driven shaft are disconnected by operating the connecting/disconnecting members.
A control unit 1s provided for controlling the drive of the switching mechanism and a
transfer switch 1s operated by a rider for inputting a signal for switching the two-
wheel drive type and the four-wheel drive type to the control unit. When a signal for
switching to the four-wheel drive type 1s output from the transfer switch, the control
unit holds the driving shaft and the dfiven shaft a state in which they are disconnected
in case a difference in the revolutions between the front wheel and the rear wheel is
equal to or greater than the one according to vehicle speed of a preset plurality of
predetermined values and switches to a state in which the driving shaft and the driven
shaft are connected in the case where the difference in revolution between the front

wheel and the rear wheel 1s below a'predetermined value according to vehicle speed
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of the preset plurality of predetermined values.

[0030] A vehicular two-wheel drive and four-wheel drive switching system
according to the present invention 1s characterized in that the vehicle speed is
classified into a plurality of regions and the predetermined value is set for every
region of vehicle speed.

[0031] A vehicular two-wheel drive and four-wheel drive switching system
according to the present invention 1s characterized in that the vehicle speed is detected
using the rotational speed of the front wheel or the rear wheel as a parameter.

[0032] A vehicular two-wheel drive and four-wheel drive switching system
according to the present invention 1s characterized in that the predetermined value is
individually set 1n relation to the movement in a reverse direction ot the vehicle.
[0033] Further scope of applicability ot the present invention will become
apparent from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only, since
various changes and modifications within the spirit and scope of the invention will

become apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]  The present invention will become more fully understood from the detailed
description given hereinbelow and the accompanying drawings which are given by
way of illustration only, and thus are not limutative of the present invention, and

wherein:

[0035] Fig. 1 1s a sectional view showing one embodiment of the invention;
[0036] Fig. 2 is a longitudinal sectional view showing the main part;
[0037]  Fig. 3 is an enlarged sectional view showing the main part for explaining

the operation of a drive switching system;

[0038] Fig. 4 is a side view showing an example of a vehicle provided with the

two-wheel drive and four-wheel drive switching system,;

[0039] Fig. 5 i1s a plan for explaining the body configuration of the vehicle shown
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in Fig. 5;

[0040] Fig. 6 illustrates a waveform of driving current supplied to a switching
mechanism;

[0041] Fig. 7 is a sectional view showing the main part of one structural example
of a conventional type two-wheel drive and four-wheel drive switching system;

[0042] Fig. 8 shows a waveform of driving current supplied to the conventional

type two-wheel drive and four-wheel drive switching system,;

[0043] Fig. 9 is a control flowchart according to one embodiment of the invention;
and
[0044] Fig. 10 is a graph showing the relationship between the switching timing

for a four-wheel drive and vehicle speed in one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

]0045] Referring to Figs. 1 to 3 and 6, one embodiment of the invention will be
described below.

[0046] As primary components of a vehicle are common to those in Figs. 4 and 5
in the following description, the description i1s made using the same reference
numbers and 1s simplified.

[0047] A two-wheel drive and four-wheel drive switching system (heremnafter
called a drive switching system) equivalent to this embodiment and shown by a

reference number 30 in Fig. 1 is provided in a power transmission device provided

between front wheels 4 and an engine 2. A switching unit 31 1s provided for

transmitting power in the power transmission mechanism or disconnecting the
transmission of power. The switching unit 31 1s substantially composed of a driving
shaft 32 connected to the drive side. A driven shaft 33 is fitted to the driving shaft 32
via a circular clearance gap. A plurality of connecting/disconnecting members 34 are
provided in the clearance between these driving shaft 32 and driven shaft 33 for
connecting or disconnecting the driving shaft 32 and driven shaft 33 by being
connected or disconnected to/from these opposite faces. A switching mechanism 35 is

provided for selectively positioning the connecting/disconnecting members 34 in a
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position in which the driving shait 32 and the driven shaft 33 are connected and in a
position in which they are disconnected and a casing 36 surrounding the switching
mechanism 35.

[0048]  Next, to describe the details of the elements, in this embodiment, a
cylindrical outer ring 37 protruded on the side of the engine 2 and 1s provided via a
bearing 38 in the casing 36 so that the outer ring can be turned.

[0049]  This outer ring 37 1s axially divided into two. A first outer ring 37a and a
second outer ring 37b are provided wherein the first outer ring and the second outer
ring are connected via a spline 60 provided at the respective ends so that they can be
integrally turned.

[0050] A spline 39 1s formed on the mner surface of the end on the side of the
engine 2 of the second outer riné 37b, and the driving shaft 32 and the second outer
ring 37b are connected by inserting the driving shaft 32 into the second outer ring 37b
so that the driving shaft and the spline 39 are engaged.

[0051] A cylindrical inner ring 40 1s arranged inside the outer ring 37 via a circular
interval of predetermined width between the inner ring and the inner surface of the

outer ring 37.

[0052] A spline 41 is formed on the inner surface of the inner ring 40 and the
driven shaft 33 inserted in the casing 36 1s connected to the inner ring 40 via the
spline 41.

[0053] An intermediate part in the longitudinal direction of the driven shaft 33 is
supported by a bearing 42 attached to the casing 36 so that the intermediate part can
be turned.

[0054] A bevel gear 43 is integrated with the end of the driven shaft 33 and is
engaged with a ring gear 44 of the final reduction gear for the front wheels 13.

[0055]  The plurality of connecting/disconnecting members 34 forming a part of
the switching unit 31 are respectively formed by plural rollers arranged in parallel
with the axis of the outer ring 37. As shown 1n Figs. 1 and 2 and the switching
mechanism 35 1s composed of a retainer 45 holding the connecting/disconnecting

member 34 so that i1t can be turned and mounted on the outer ring 37 so that the
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retainer can be relatively turned (can be relatively moved around the axis). A cam 46
is formed on the surface of the inner ring 40 for moving the connecting/disconnecting
member 34 in the direction of the diameter as the retainer 45 1s relatively moved.
[0056] An electromagnetic clutch 47 forming the switching mechanism 35 for
fixing or disconnecting the retainer 45 and the outer ring 37 1s provided at the end
located 1nside the casing 36 of the outer ring 37.

[00S7]  The electromagnetic clutch 47 1s composed of a clutch plate 48 provided
between the retainer 45 and the outer ring 37 and an electromagnetic coil 49 for
pressing or disconnecting the clutch plate 48.

[0058]  The transfer torque of this electromagnetic clutch 47 is adjusted depending
upon the magnitude of applied current and hereby, the distribution of torque to the
front wheel 4 and the rear wheel 5 1s adjusted.

[0059] The electromagnetic coill 49 makes a connection by exciting the clutch
plate 48 and hereby, the retainer 45 and the outer ring 37 are fixed so that they cannot

be relatively turned.

[0060] The electromagnetic coil 49 1s annular in shape and 1s housed in a housing
50 similarly formed in an annular shape and forming an iron core. The housing 50 {s
attached to the casing 36 by mounting the housing 50 on the casing 36 so that the
housing surrounds the driven shaft 33.

[0061] The outer ring 37, the inner ring 40 and the switching mechanism 35 are
built in the casing 36 and are united. As shown 1n Fig. 1, in a state in which the driven
shaft 33 1s mounted, the casing 36 is attached to the final reduction gear for the front
wheels 13 by being bolted on the case of the final reduction gear for the front wheels
13.

[0062] A control unit 51 for controlling the turning the electromagnetic coil 49 on
or off and a power source 52 for supplying the driving power of the electromagnetic
coil 49 are connected to the electromagnetic coil 49.

[0063] Reference numbers 61 and 62 1n Fig. 1 denote an o1l seal and 63 denotes a

dust seal.

[0064] Further, in this embodiment, as shown 1n Fig. 1, a transfer switch 70 that
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outputs a signal for switching a two-wheel drive type and a four-wheel drive type to

the control unit 51 when a rider operates the transfer switch 70 is connected to the

control unit 51.

[0065] In the meantime, when the transfer switch 70 is operated and a signal for
switching to the four-wheel drive type 1s output, the control unit 51 holds the driving
shaft 32 and the driven shaft 33 in a state in which they are disconnected in case a
difference in the revolutions between the front wheel 4 and the rear wheel 5 is equal to
or greater than the one according to vehicle speed (V) of preset plural predetermined
values (Y). The control unit 51 switches to a state in which the driving shaft 32 and
the driven shaft 33 are connected in a case wherein the difference in the revolutions
between the front wheel 4 and the rear wheel 5 1s below the one according to vehicle
speed (V) of preset plural predetermined values (Y).

[0066)] In this embodiment, the predetermmined value Y 1s classified into a plurality
of regions (V1 to V4 in this embodiment) according to the vehicle speed V as shown
in Figs. 6 and 7 and predetermined values Y1 to Y5 are set for every vehicle region
V1 to V4.

[0067) The drive switching system 30 1s equivalent to this embodiment and
configured as described above disconnects the supply of current to the
electromagnetic coil 49 to release the transmission of driving force to the front wheel
4 according to a signal of the two-wheel drive type output by the operation of the
transfer switch 70 and releases the fixation of the retainer 45 and the outer ring 37 By
the electromagnetic clutch 47.

[0068] In the meantime, the control unit 31 supplies driving current to the
switching mechanism 35 in four-wheel drive by repeating continuous supply and
supply by duty cycle control as shown in Fig. 6.

[0069] The ratio of the continuoﬁs supply time of driving current and supply time
by duty cycle control is suitably set according to an operational state of an internal
combustion engine 2 and a state of a load and 1s set in a range in which transition to
two-wheel drive because of the shortage of clutch pressure is prevented.

[0070] Hereby, as shown in Fig. 3A, the connecting/disconnecting member 34 is
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moved to the position of the bottom of the cam 46 and 1s held in a position apart from
the outer ring 37.

[0071]  As a result, the outer ring 37 and the inner ring 40 are disconhected, the
turning of the driving shaft 32 is prevented from being transmitted to the driven shaft
33 and the drive of the front wheels 4 1s stopped.

[0072] To realize four-wheel drive, the retainer 45 is fixed to the outer ring 37 by
supplying current to the electromagnetic coil 49 and letting 1n the electromagnetic
clutch 47 according to a signal for four-wheel drive output by the operation of the
transfer switch 70.

[0073] Hereby, the connecting/disconnecting member 34 held by the retainer 45 1s
moved together with the outer ring 37, as shown 1n Fig. 3B, 1s moved 1n the position
of the top of the cam 46 formed on the inner ring 40 and 1s touched to the inner
surface of the outer ring 37.

(0074]  As a result, the outer ring 37 and the inner ring 40 are connected via the
connecting/disconnecting member 34, hereby, the driving shaft 32 and the driven shaft
33 are connected, the turning of the driving shaft 32 1s transmitted to the driven shaft
33 and the drive of the front wheels 4 is started.

[0075] In the drive switching system 30 equivalent to this embodiment and
configured as described above, as the connecting/disconnecting member 34 is made a
state iIn which power can be transmitted by being put between the outer ring 37 and
the inner ring 40, impulsive sound is extremely small and as a result, the generation of
noise in switching the types of drive can be inhibited.

[0076] As the switching unit 31 1s united and can be mounted by fixing the
switching unit 31 to the final reduction gear for the front wheels 13, it can be built
without a large rearranging of existing structure.

[0077] The driving shaft 32 and the driven shaft 33 can be connected and
disconnected even if there is a difference in peripheral speed between the front wheel
4 and the rear wheel 5, no complex auxiliary mechanism such as a synchronization

mechanism is required to be provided and at this point, the configuration i1s also

simplified.
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(0078]  As driving current supplied to the switching mechanism 35 1s supplied by
repeating continuous supply and supply by duty cycle control as described above 1n
the case when the vehicle 1 is 1n a driving type of four-wheel drive, the power
consumption is reduced, compared with a case having only a continuous supply and as
a result, a generator and a battery can be mimaturized.

[0079]  The form and the dimension of each component in the embodiment are an
example and can be variously changed according to the requirement of design.

[0080]  Next, referring to Figs. 9 and 10, a procedure for operation in switching to
a four-wheel drive type will be described.

[0081] In driving the vehicle 1, in the control unit 51, the speed V of the vehicle 1
is always inputted and the rotational speed of the front wheel 4 and the rear wheel 5 1s
inputted.

[0082] When a rider operates the transfer switch 70 to switch to four-wheel drive
and a switching signal is outputted to the control unit 51. It 1s determined 1n the
control unit 51 whether vehicle speed V > V1 or not (step S1). In the case that 1t 1s
determined that the vehicle speed V < V1, the predetermined value Y 1s set to Y1 (step
S2) and in case the vehicle speed V > V1, control 1s shifted to the next step S3.

[0083] In the step S3, it is determined whether the vehicle speed V > V2 or not. In
the case that it is determined that the vehicle speed V < V2, the predetermined value Y
is set to Y2 (step S4) and in case it is determined that the vehicle speed V > V2,
control is shifted to the next step S5.

[0084] In the step SS, it is determined whether the vehicle speed V > V3 or not, 1n
case it is determined that the vehicle speed V < V3, the predetermined value Y 1s set to
Y3 (step S6) and in case it 1s determined that the vehicle speed V > V3, control 1s
shifted to the next step S7.

[0085] In the step S7, it is determined whether the vehicle speed V > V4 or not. In
the case that it is determined that the vehicle speed V < V4, the predetermined value Y
is set to Y4 (step S8) and in case it is determined that the vehicle speed V > V4,
control is shifted to the next step S9 and the set value 1s set to Y 5.

[0086]  As described above, in this embodiment, when a rider switches the transter
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switch 70 to the side of four-wheel drive to switch from two-wheel drive to four-
wheel drive, two-wheel drive 1s held in a case that the difference in revolutions
between the front wheel 4 and the rear wheel 5 1s equal to or gfeatef than the
predetermined value Y and the two-wheel drive is switched to four-wheel drive when
the difference in revolutions between the front wheel 4 and the rear wheel 5 1s below
the predetermined value Y.

[0087]  Therefore, switching to four-wheel drive 1s made at a suitable timing in all
vehicle speed regions and impact transmitted to a rider 1s minimized.

[0088]  For example, in the embodiment, the vehicle speed V is classified into four
regions, however, the number 1s arbitrary and the vehicle speed V may be also
detected using the rotational speed of the front wheel 4 or the rear wheel 5 as a
parameter.

[0089]  Further, the description in the embodiment is based upon forward travel,
however, switching to four-wheel drive in reverse may be also controlled by

separately setting a predetermined value Y 1n reverse.

[0090] Inreverse, switching to four-wheel drive when a transmission is shifted to a
reverse position or when reverse is detected 1s also enabled.

[0091]  As described above, according to the present invention, as the driving shaft
and the driven shaft are connected or disconnected by the connecting/disconnecting
member provided in a part in which the driving shaft and the driven shaft are fitted,
they can be smoothly connected or disconnected even if there is difference in
rotational speed between the shafts.

[0092] Therefore, no complex auxiliary mechanism such as a synchronization
mechanism is required to be provided and the drive switching system according to the
present invention can have simple structure.

[0093] Impulsive sound in connection and disconnection can be inhibited and as a
result, the generation of noise in switching the types of drive can be inhibited.

[0094]  As the switching unit can be mounted by uniting the switching unit and
fixing it to the existing structure of the final reduction gear, it can be built without the

large change of the existing structure.
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[0095]  Also, in the case where a vehicle is in a driving type of four-wheel drive,
the power consumption can be reduced by supplying driving current supplied to the
switching mechanism by repeating continuous supply and supply by duty cycle
control, compared with the case having only continuous supply and as a result, the
generator and the battery can be miniaturized.

[0096] The invention being thus described, 1t will be obvious that the same may be
varied in many ways. Such varnations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the scope of the following

claims.



CA 02370069 2008-11-27

WH-11516CA

SN 2,370,069 16

WHAT IS CLAIMED IS:

1. A vehicular two-wheel drive and four-wheel drive switching system,
comprising:

a switching unit provided on either side of power transmission
mechanisms respectively provided between an engine and front wheels and
between the engine and rear wheels for transmitting power in the power
transmission mechanism or disconnecting the transmission of power;

a driving shaft connected to a drive side;

a driven shaft fitted to the driving shaft via an annular clearance gap,
said driving shaft and said driven shaft being concentrically arranged relative to
each other;

a plurality of connecting/disconnecting members provided coaxially
and extending a predetermined distance coaxially along the driven shaft in a
clearance between the driving shaft and the driven shaft for connecting or
disconnecting the driving shaft and the driven shaft by being fitted or
disconnected to/from respective opposite surfaces;

a switching mechanism for switching between a four-wheel drive for
connecting the driving shaft and the driven shaft by operating the
connecting/disconnecting members and a two-wheel drive for disconnecting the
driving shaft and the driven shaft;

a control unit for controlling the drive of the switching mechanism;
and

a manually operated transfer switch for inputting a signal for
switching between the two-wheel drive and the four-wheel drive to the control
unit; and

when a signal for switching to the four-wheel drive is output from the
transfer switch, the control unit holds the driving shaft and the driven shaft in a
state wherein the driving shaft and the driven shaft are disconnected in a case
where a difference in a rate of rotation between the front wheel and the rear
wheel is equal to or greater than a vehicle speed of a preset plurality of
predetermined values and switches to a state in which the driving shaft and the
driven shaft are connected in a case where a difference in the rate of rotation
between the front wheel and the rear wheel is below a vehicle speed of the preset
plurality of predetermined values, wherein the vehicle speed is classified into a
plurality of regions and the predetermined value is set for every region of
vehicle speed, wherein a reverse speed predetermined value is utilized when
operating a vehicle in reverse.
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2. The vehicular two-wheel drive and four-wheel drive switching system

according to claim 1, wherein the vehicle speed is detected using the rotational
speed of the front wheel or the rear wheel as a parameter.

3. The vehicular two-wheel drive and four-wheel drive switching system
according to claim 1 or 2, wherein said connecting/disconnecting members
include a plurality of rollers and a retainer wherein the retainer supports the
rollers.

4. A vehicular two-wheel drive and four-wheel drive switching system,
comprising;:

a driving shaft connected to a drive side;

a driven shaft fitted to the driving shaft via a switching ring with an
annular clearance gap provided therebetween, said driving shaft and said driven
shaft being concentrically arranged relative to each other;

a plurality of connecting/disconnecting members provided coaxially
and extending a predetermined distance coaxially along the driven shaft in the
clearance gap between the driving shaft and the driven shaft for connecting or
disconnecting the driving shaft and the driven shaft by being fitted or
disconnected to/from respective opposite surfaces;

a switching mechanism for switching between a four-wheel drive for
connecting the driving shaft and the driven shaft by operating the
connecting/disconnecting members and a two-wheel drive for disconnecting the
driving shaft and the driven shatft;

a control unit for controlling the drive of the switching mechanism;
and

a manually operated transter switch for inputting a signal for
switching between the two-wheel drive and the four-wheel drive to the control
unit; and

when a signal for switching to the four-wheel drive is output from the
transfer switch, the control unit holds the driving shaft and the driven shaft in a
state wherein the driving shaft and the driven shaft are disconnected in a case
where a difference in a rate of rotation between the front wheel and the rear
wheel is equal to or greater than a vehicle speed of a preset plurality of
predetermined values and switches to a state in which the driving shaft and the
driven shaft are connected in a case where a difference in the rate of rotation
between the front wheel and the rear wheel is below a vehicle speed of the preset
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plurality of predetermined values, wherein a reverse speed predetermined value

is utilized when operating a vehicle in reverse.

5. The vehicular two-wheel drive and four-wheel drive switching system
according to claim 4, wherein the vehicle speed is classified into a plurality of
regions and the predetermined value is set for every region of vehicle speed.

6. The vehicular two-wheel drive and four-wheel drive switching system
according to claim 4, wherein the vehicle speed is detected using the rotational
speed of the front wheel or the rear wheel as a parameter.

7. The vehicular two-wheel drive and four-wheel drive switching system
according to claim 5, wherein the vehicle speed is detected using the rotational
speed of the front wheel or the rear wheel as a parameter.

8. The vehicular two-wheel drive and four-wheel drive switching system
according to claim 4, 5, 6 or 7 wherein said connecting/disconnecting members
include a plurality of rollers and a retainer wherein the retainer supports the
rollers.

9. A vehicular two-wheel drive and four-wheel drive switching system
as claimed in claim 1 or 4 wherein said control unit controls the drive of said
switching mechanism by supplying driving current to the switching mechanism
by repeating continuous supply and supply by duty cycle control.

10. The vehicular two-wheel drive and four-wheel drive switching system
according to claim 1 or 4 wherein said control unit controls the drive of said
switching mechanism by supplying driving current to the switching mechanism
by repeating continuous supply and supply by duty cycle control, and

wherein said connecting/disconnecting members include a plurality of
rollers and a retainer wherein the retainer supports the rollers.
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