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(57) ABSTRACT

A meshing clutch comprises a rotor with a first meshing
clutch, a sleeve with a second meshing clutch and a first cam
being supported by a clutch hub and urged so as to release
meshing, a cam ring configured to convert movement in a
rotational direction into movement in an axial direction to
lock the meshing according to cooperation of the first and
the second cams, and a cam actuator, a sun gear that receives
rotation input, an internal gear meshing with the sun gear
through a planet pinion, a planet carrier being provided with
a drive pinion for output, a fiction clutch mechanism to
adjust connection between the internal gear and the planet
carrier according to fastening, and a clutch actuator per-
forming fastening control of the friction clutch mechanism.
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1
MESHING CLUTCH MECHANISM AND
TWO-SPEED TRANSMISSION

FIELD OF THE INVENTION

The present invention relates to a drive mechanism, in
particular, a meshing clutch mechanism and a two-speed
transmission.

BACKGROUND OF THE INVENTION

A conventional two-speed transmission as disclosed in
Patent document 1 is proposed. The two-speed transmission,
in order to reduce the number and the weight of components,
keeps rotational speed of a motor using a planetary gear unit
at a constant speed or a reduced speed. There is, however, a
problem that toque interruption is occurred according to
requirement to once remove driving force in gear shifting.
On the other hand, a two-speed transmission as disclosed in
Patent document 2 is proposed. The two-speed transmission
assigns energization and non-energization of an electromag-
netic coil to a low-speed stage and a high-speed stage,
thereby improving electric power consumption efficiency.
Further, an arrangement of a one-way clutch prevents torque
interruption at the low-speed to reduce shift shock sensible
by a driver. There is, however, a problem that torque in a
reverse direction is not transmitted at the low-speed stage
owing to the arrangement of the one-way clutch in the
two-speed transmission.

PATENT DOCUMENT 1: JP 2016-017632 A

PATENT DOCUMENT 2: JP 6545921 B

SUMMARY OF THE INVENTION

A problem to be solved is that the torque interruption is
occurred at the time of gear shifting or the torque in the
reverse direction (hereinafter, referred to as coasting torque)
is not transmitted at the low-speed stage in the two-speed
transmission using the one-way clutch at the low speed to
prevent torque interruption.

A meshing clutch mechanism according to the present
invention, in order to easily switch between a one-way
clutch function and a two-way clutch function of a first and
a second meshing clutches, is characterized by comprising a
rotor being provided with a first meshing clutch and being
rotatably supported, the first meshing clutch having a tooth
face to transmit positive torque and a tooth face to transmit
negative torque, the tooth face to transmit negative torque
angled to release meshing according to the negative torque;
a sleeve being provided with a second meshing clutch to
mesh with the first meshing clutch and a first cam for the
meshing, being urged so as to release the meshing, and
engaging with a clutch hub in a rotational direction and
being supported on the clutch hub movably in an axial
direction, the clutch hub being fixed on a case, a retaining
member urging the sleeve to keep a releasing position
between the first and the second meshing clutches, a cam
ring being provided with a second cam engaging with the
first cam and being configured to convert movement in the
rotational direction into movement in the axial direction to
be transmitted to the sleeve and lock the meshing according
to cooperation of the first and the second cams, the locking
releasable by rotationally driving the cam ring, and a cam
actuator that rotationally drives the cam ring.

The present invention, in order to transmit torque in a
reverse direction at a low-speed stage, is characterized by a
two-step transmission using the meshing clutch mechanism,
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comprising a sun gear that receives rotation input, an inter-
nal gear meshing with the sun gear through a planet pinion
and forming the rotor, a planet carrier being supported
rotatably relatively to the internal gear, rotatably supporting
the planet pinion, and being provided with a drive pinion for
output, a fiction clutch mechanism interposed between the
internal gear and the planet carrier to adjust connection
between the internal gear and the planet carrier according to
fastening, and a clutch actuator that adjusts frictional torque
of the connection according to fastening control of the
friction clutch mechanism.

The meshing clutch mechanism according to the present
invention easily switches between a one-way clutch function
and a two-way clutch function of the first and the second
meshing clutches.

The two-speed transmission according to the present
invention allows torque transmission in both directions of
driving and coasting at the time of a low-speed stage. In a
case of used to an electric vehicle, reverse torque transmis-
sion is allowed at the time of reversing and energy regen-
erating. With the one-way clutch function, no torque inter-
ruption is occurred at the time of gear shifting to an upper
stage. The smooth gear shifting is enabled. At the time of
activity at the upper stage, no loss due to drag torque is
occurred in the meshing clutch mechanism at the low-speed
stage unlike a friction clutch and efficiency is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic skeleton sectional view of a meshing
clutch mechanism with partial omission according to an
embodiment 1;

FIG. 2 is a development sectional view of essential part of
a first and a second meshing clutches in a circumferential
direction according to the embodiment 1;

FIG. 3 is a development sectional view of the essential
part in the circumferential direction in a state that the first
and the second meshing clutches are separated according to
the embodiment 1;

FIG. 4 is a development sectional view of essential part of
a first and a second cams in the circumferential direction
according to the embodiment 1;

FIG. 5 is a development sectional view of the essential
part in the circumferential direction at the time of the first
and the second cams operating according to the embodiment
1;

FIG. 6 is a development sectional view of essential part of
a first and a second cams formed by a ball cam in the
circumferential direction according to the embodiment 1;

FIG. 7 is a development sectional view of the essential
part in the circumferential direction at the time of the first
and the second cams formed by the ball cam operating
according to the embodiment 1;

FIG. 8 is a schematic skeleton sectional view of a meshing
clutch mechanism with partial omission according to an
embodiment 2;

FIG. 9 is a schematic skeleton sectional view of a two-
speed transmission with partial omission according to an
embodiment 3;

FIG. 10 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
an embodiment 4,

FIG. 11 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
an embodiment 5;
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FIG. 12 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
an embodiment 6;

FIG. 13 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
an embodiment 7,

FIG. 14 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
an embodiment 8; and

FIG. 15 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
an embodiment 9.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

The meshing clutch mechanism of the present invention is
realized as follows in order to easily switch between a
one-way clutch function and a two-way clutch function of a
first and a second meshing clutches.

The meshing clutch mechanism is realized by comprising
a rotor being provided with a first meshing clutch and being
rotatably supported, the first meshing clutch having a tooth
face to transmit positive torque and a tooth face to transmit
the negative torque, the tooth face to transmit negative
torque angled to release meshing according to the negative
torque, a sleeve being provided with a second meshing
clutch to mesh with the first meshing clutch and a first cam
for the meshing, being urged so as to release the meshing,
and engaging with a clutch hub in a rotational direction and
being supported by the clutch hub movably in an axial
direction, the clutch hub being fixed on a case, a retaining
member urging the sleeve to keep a releasing position
between the first and the second meshing clutches, a cam
ring being provided with a second cam engaging with the
first cam and being configured to convert movement in the
rotational direction into movement in the axial direction to
be transmitted to the sleeve and lock the meshing according
to cooperation of the first and the second cams, the locking
releasable by rotationally driving the cam ring, and a cam
actuator that rotationally drives the cam ring.

The meshing clutch mechanism may be realized by com-
prising a rotor being provided with a first meshing clutch and
being rotatably fitted and supported to a torque transmission
shaft being provided with a clutch hub, the first meshing
clutch having a tooth face to transmit positive torque and a
tooth face to transmit the negative torque, the tooth face to
transmit negative torque angled to release meshing accord-
ing to the negative torque, a sleeve being provided with a
second meshing clutch to mesh with the first meshing clutch,
being urged so as to release the meshing, and engaging with
the clutch hub in a rotational direction and being supported
by the clutch hub movably in an axial direction, a retaining
member urging the sleeve to keep a releasing position of the
meshing between the first and the second meshing clutches,
a cam member being rotatably fitted to the clutch hub and
being supported by the clutch hub movably in the axial
direction, being provided with a first cam for the meshing,
being arranged adjacent to the sleeve so as to be rotatable
relatively to the sleeve and transmit an axial force to the
sleeve, and un-rotatably engaging with a case, a cam ring
being provided with a second cam engaging with the first
cam, being arranged to face the cam member, being sup-
ported rotatably relatively to the clutch hub, and being
prevented from separating movement relative to the cam
member in the axial direction, to convert movement in the
rotational direction into movement in the axial direction to
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be transmitted to the cam member and lock the meshing
according to cooperation of the first and the second cams,
the locking releasable by rotationally driving the cam ring,
and a cam actuator that rotationally drives the cam ring.

A two-speed transmission of the present invention, in
order to prevent torque interruption at the time of gear
shifting and transmit reverse torque at a low-speed, is a
two-speed transmission using the meshing clutch mecha-
nism and is realized by comprising a sun gear that receives
rotation input, an internal gear meshing with the sun gear
through a planet pinion and forming the rotor, a planet
carrier being supported rotatably relatively to the internal
gear, rotatably supporting the planet pinion, and being
provided with a drive pinion for output, a fiction clutch
mechanism being interposed between the internal gear and
the planet carrier to adjust connection between the internal
gear and the planet carrier according to fastening, and a
clutch actuator that adjusts frictional torque of the connec-
tion according to fastening control of the friction clutch
mechanism.

The two-step transmission using the meshing clutch
mechanism may be realized by comprising a sun gear that
receives rotation input through a sun gear shaft, a third sun
gear shaft being rotatably supported to the sun gear shaft and
being provided with a third sun gear and a drive pinion for
output, a planet pinion being integrally provided with a first
gear meshing with the sun gear and a second gear meshing
with the third sun gear, a planet carrier rotatably supporting
the planet pinion and forming the rotor, a fiction clutch
mechanism being interposed between the third sun gear
shaft and the planet carrier to adjust connection between the
third sun gear shaft and the planet carrier according to
fastening, and a clutch actuator that adjusts frictional torque
of the connection according to the fastening of the friction
clutch mechanism.

The two-step transmission using the meshing clutch
mechanism may be realized by that the rotation input to the
sun gear is performed through a drive gear and a driven gear
from a motor.

The two-speed transmission using the meshing clutch
mechanism may be realized by further comprising a pressing
force adjustment means between the clutch actuator and the
friction clutch mechanism to conduct the fastening, wherein
the pressing force adjustment means comprises a first dif-
ferential gear and a second differential gear being supported
rotatably relatively to each other and being different from
each other in number of teeth, a torque cam that converts
relative rotation between the first differential gear and the
second differential gear into axial thrust, a clutch pinion
meshing with the first differential gear and the second
differential gear and receiving rotation input from the clutch
actuator, and a pressing member that receives the axial thrust
converted by the torque cam to conduct the fastening.

The two-speed transmission using the meshing clutch
mechanism may be realized by further comprising a pressing
force adjustment means between the clutch actuator and the
friction clutch mechanism to conduct the fastening, wherein
the pressing force adjustment means comprises a first dif-
ferential gear and a second differential gear being supported
rotatably relatively to each other and being different from
each other in number of teeth, a torque cam that converts
relative rotation between the first differential gear and the
second differential gear into axial thrust, a clutch pinion
meshing with the first differential gear and the second
differential gear and receiving rotation input from the clutch
actuator, an elastic body generating pressing force for the
fastening, and a pressing force adjustment body that receives
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the pressing force of the elastic body to conduct the fasten-
ing and receives the axial thrust converted by the torque cam
to reduce the pressing force of the elastic member.

A two-speed transmission using the meshing clutch
mechanism may be realized by comprising an input shaft
being provided with a low-speed drive gear and a high-speed
drive gear and being configured to receive rotation input, an
output shaft being provided with a low-speed driven gear
meshing with the low-speed drive gear, a high-speed driven
gear meshing with the high-speed drive gear, and a drive
pinion for output, the input shaft or the output shaft forming
the torque transmission shaft, in a case of the input shaft
forming the torque transmission shaft, the low-speed drive
gear forming the rotor and the low-speed driven gear being
fixed to the output shaft, in a case of the output shaft forming
the torque transmission shaft, the low-speed driven gear
forming the rotor and the low-speed drive gear being fixed
to the input shaft, a friction clutch mechanism that adjusts
connection between the input shaft and the high-speed drive
gear being provided rotatably on the input shaft or that
adjusts connection between the output shaft and the high-
speed driven gear being provided rotatably on the output
shaft, and a clutch actuator that adjusts frictional torque of
the connection according to fastening control of the friction
clutch mechanism.

The two-speed transmission using the meshing clutch
mechanism may be realized by further comprising a pressing
force adjustment means between the clutch actuator and the
friction clutch mechanism to conduct the fastening, wherein
the pressing force adjustment means comprises an elastic
body that generates pressing force for the fastening, and a
pressing force adjustment member being connected to the
clutch actuator and being configured to receive the pressing
force of the elastic body to conduct the fastening, wherein
the clutch actuator drives the pressing force adjustment
member to adjust the pressing force of the elastic body.

The two-step transmission using the meshing clutch
mechanism may be realized by comprising a sun gear that
receives rotation input, an internal gear meshing with the sun
gear through a planet pinion and forming the rotor, a planet
carrier being supported rotatably relatively to the internal
gear and rotatably supporting the planet pinion, a fiction
clutch mechanism being interposed between the internal
gear and the planet carrier to adjust connection between the
internal gear and the planet carrier according to fastening, a
clutch actuator that adjusts frictional torque of the connec-
tion according to fastening control of the friction clutch
mechanism, and an output shaft being connected to the
planet carrier and being arranged so as to be protruded
outside.

The two-step transmission using the meshing clutch
mechanism may be realized by comprising a sun gear that
receives rotation input, a third sun gear being provided with
an output shaft being arranged so as to be protruded outside,
a planet pinion being integrally provided with a first gear
meshing with the sun gear and a second gear meshing with
the third sun gear, a planet carrier rotatably supporting the
planet pinion forming the rotor, a fiction clutch mechanism
being interposed between the sun gear and the planet carrier
to adjust connection between the sun gear and the planet
carrier according to fastening, and a clutch actuator that
adjusts frictional torque of the connection according to the
fastening of the friction clutch mechanism.

The two-speed transmission using the meshing clutch
mechanism may be realized by further comprising a sensor
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that detects a slip of the friction clutch mechanism, and a
controller that controls the clutch actuator according to the
detected slip.

FIG. 1 is a schematic skeleton sectional view of a meshing
clutch mechanism with partial omission according to the
embodiment 1. FIG. 2 is a development sectional view of
essential part of a first and a second meshing clutches in a
circumferential direction. FIG. 3 is a development sectional
view of the essential part in the circumferential direction in
a state that the first and the second meshing clutches are
separated. FIG. 4 is a development sectional view of essen-
tial part of a first and a second cams in the circumferential
direction. FIG. 5 is a development sectional view of the
essential part in the circumferential direction at the time of
the first and the second cams operating. FIG. 6 is a devel-
opment sectional view of essential part of a first and a
second cams formed by a ball cam in the circumferential
direction. FIG. 7 is a development sectional view of the
essential part in the circumferential direction at the time of
the first and the second cams formed by the ball cam
operating.

A first meshing clutch mechanism 1002 being the mesh-
ing clutch mechanism illustrated in FIG. 1 is provided with
a first rotor 101 being a rotor, a first sleeve 121 being a
sleeve, a retaining member 139, a cam ring 148, and a cam
actuator 147. The first meshing clutch mechanism 1002 is
provided with a first clutch hub 133 as a clutch hub provided
on a clutch holder 137, a first meshing clutch 117 and a
second meshing clutch 119.

The clutch holder 137 is fixed to a case 02a¢ using a
fastening member 136 such as a bolt and a nut. The first
clutch hub 133 has a base portion integrally connected on an
inner peripheral side of the clutch holder 137. The first
clutch hub 133 is extended toward the first rotor 101 in an
axial direction. On an outer peripheral face of the first clutch
hub 133, splines are formed for example.

The first meshing clutch 117 is fastened or integrally
formed to the first rotor 101. On an inner peripheral side of
the first rotor 101, a first boss 142 is provided so as to be
extended to an inner diametral portion of the first clutch hub
133 in the axial direction. The first boss 142 is rotatably
supported on the inner diametral portion of the first clutch
hub 133 through a bearing 131 such as a ball bearing. The
bearing 131 has an inner race and an outer race, the inner
race axially positioned and fixed on the first boss 142 and the
outer race on the first clutch hub 133. The positioning and
fixing is performed by a boss-fastening member 127 and a
hub-fastening member 129 such as stopper rings attached to
the first boss 142 and the first clutch hub 133.

The first sleeve 121 is provided with a second meshing
clutch 119 that meshes with the first meshing clutch 117 and
a first cam 143 for the meshing. The first sleeve 121 is urged
s0 as to release the meshing of the second meshing clutch
119 with the first meshing clutch 117. The first sleeve 121
engages with and axially movably supported on the first
clutch hub 133 as a clutch hub fixed on the case 024 in a
rotational direction.

For more details, the second meshing clutch 119 is
provided on one side face of the first sleeve 121. The second
meshing clutch 119 is arranged so as to meshably face the
first meshing clutch 117. The second meshing clutch 119
engages with an outer periphery of the first clutch hub 133
together with the first sleeve 121. The first sleeve 121 is
provided with a first cam 143 on the other side face.

The first sleeve 121 is supported on the case 02a by the
retaining member 139 such as a tension coil spring. The
retaining member 139 functions to urge the first sleeve 121
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and retain the first and the second meshing clutches 117 and
119 on a position releasing the first and the second meshing
clutches as mentioned above. The retaining member 139
may have a structure using a check ball or the like.

The cam ring 148 is provided with a second cam 145
engaging with the first cam 143. With cooperation of the first
and the second cams 143 and 145, the cam ring is configured
to convert movement in the rotational direction into move-
ment in the axial direction to be transmitted to the first sleeve
121 and lock the meshing, the locking releasable by rota-
tionally driving the cam ring.

The cam ring 148 is rotatably supported on an outer
periphery of the base portion of the clutch holder 137. On
one side face of the cam ring 148, the second cam 145 is
provided. The second cam 145 meshes with or faces the first
cam 143. On the other side face of the cam ring 148, a
bearing 141 is interposed between the clutch holder 137 and
the other side face of the cam ring. The bearing 141 is to
receive axial force generated at the cam ring 148 with
respect to the clutch holder 137.

The cam ring 148 has an outer peripheral portion to which
a rotated means 149 such as a circular or sector gear is fixed.
The rotated means 149 has concavo-convex grooves or the
like as a detected means. The grooves or the like are detected
by a side sensor 303 and a detected signal is input to a
controller 301.

The cam ring 148 is configured to be rotationally driven
by the cam actuator 147 such as an electric motor. The cam
actuator 147 is fastened and fixed to the case 02a using bolts
and nuts or the like. The cam actuator 147 has an output
shaft to which a drive pinion 151 is attached in the case 02a4.
The drive pinion 151 meshes with the rotated means 149.

Here, as illustrated in FIGS. 2 and 3, the first and the
second meshing clutches 117 and 119 have tooth faces to
transmit positive torque and tooth faces to transmit negative
torque, the tooth faces to transmit negative torque angled to
release the meshing according to the negative torque.

The tooth faces 123 and 125 of the first and the second
meshing clutches 117 and 119 are to transmit positive torque
such as driving torque, and the tooth faces 123 and 125 are
substantially parallel to or slightly angled to a rotational
axis.

The tooth faces 120 and 122 of the first and the second
meshing clutches 117 and 119 are to transmit negative
torque such as reverse torque relative to the driving torque
(hereinafter, referred to as coasting torque). The tooth faces
120 and 122 has pressure angles (angles relative to the
rotational axis) larger than friction angles.

FIG. 4 is a development sectional view of essential part in
the circumferential direction. FIG. 5 is a development sec-
tional view of the essential part in the circumferential
direction at the time of the first and the second cams
operating. FIG. 4 is a drawing when concavities and con-
vexities of the first cam 143 and the second cam 145 mesh
with each other, and FIG. 5 is a drawing when the convexi-
ties 126 of the first cam 143 abut against convex flats 128 of
the second cam 145.

When forcibly retaining a state in which the first meshing
clutch 117 and the second meshing clutch 119 mesh with
each other, the cam operation works as illustrated FIG. 5.
Namely, the first cam 143 and the second cam 145 separate
away from each other along cam slopes. The convexities 126
of the first cam 143 and the convex flats 128 of the second
cam 145 are positioned to contact with each other. The cam
operation works by controlling the cam actuator 147 using
the controller 301 illustrated in FIG. 1. With the control of
the controller 301, the cam actuator 147 drives the drive
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pinion 151 to rotate the rotated means 149. With the rotation
of the rotated means 149, the cam ring 148 rotates to work
the cam operation.

In this case, the cam actuator 147 is driven and controlled
as the controller 301 receives a shift command. With the
driving and controlling, the cam ring 148 is rotationally
driven through the drive pinion 151 and the rotated means
149. At this time, the sensor 303 detects a phase of the
rotated means 149 and sends it to the controller 301.
Through the sending, the cam ring 148 takes a given phase.

When the coasting torque is applied between the first and
the second meshing clutches 117 and 119, the tooth faces
120 to transmit the coasting torque are brought into contact
with the tooth faces 122 to receive the coasting torque. The
first and the second meshing clutches 117 and 119 generate
thrust in a direction separating away from each other accord-
ing to operation of the pressure angles.

In the first sleeve 121 having the second meshing clutch
119, the first cam convexities 126, however, abut against the
second cam convex flats 128. Accordingly, the first sleeve
121 cannot moves in a separating direction. Further, the first
rotor 101 having the first meshing clutch 117 is fixed by the
bearing 131, the boss-fastening member 127, and the hub-
fastening member 129 in the axial direction and cannot
move in the axial direction.

Accordingly, the meshing between the first and the second
meshing clutches 117 and 119 is kept during the application
of the coasting torque. In that time, the first meshing clutch
mechanism 1002 is allowed to transmit torque in both
directions of the driving and the coasting as mentioned
above. Hereinafter, the function is referred to as the two-way
clutch function. According to the two-way clutch function is
obtained, the first and the second cams 143 and 145 form a
lock means.

On the other hand, rotational phases of the convexities
126 of the first cam 143 match those of concave flats 130 of
the second cam 145 as illustrated in FIG. 4 by, for example,
returning rotational position of the cam ring 148 with the
driving of the cam actuator 147. This releases the restriction
of the movement of the first sleeve 121 in the axial direction
due to the cam operation. In this state, when applying
driving torque to the first and the second meshing clutches
117 and 119, the meshing between the first and the second
meshing clutches is kept.

In contrast, when applying coasting torque to the second
meshing clutch 119, the first sleeve 121 moves on the first
clutch hub 133 in the axial direction to release the first and
the second meshing clutches 117 and 119. With this move-
ment, the meshing between the first and the second meshing
clutches 117 and 119 is released. The retaining member 139
retains the first sleeve 121 on a releasing position of the first
and the second meshing clutches 117 and 119. In this way,
the first meshing clutch mechanism 1002 obtains the one-
way clutch function.

FIG. 6 is a development sectional view of essential part of
a first and a second cams formed by a ball cam in the
circumferential direction. FIG. 7 is a development sectional
view of the essential part in the circumferential direction at
the time of the first and the second cams formed by the ball
cam operating.

As illustrated in FIGS. 6 and 7, a first cam groove 2143
composing the first cam is formed on a first cam member
1215 and a second cam groove 2145 composing the second
cam is formed on a cam ring 1485. Between the first cam
groove 2143 and the second cam groove 2145, a rolling
body 2112 is engaged and arranged. The rolling body 2112
is retained by a retainer 135. The rolling body 2112 forms
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the first cam together with the first cam groove 2143 and the
second cam together with the second come groove 2145.

The cam ring 1485, therefore, rotates according to the
driving of the cam actuator 147 similarly to the above so that
the rolling body 2112 runs on the first and the second cam
grooves 2143 and 2145 as illustrated in FIG. 6, thereby
working cam operation similarly to the above. Rotational
phases of the first and the second cam grooves 2143 and
2145 are matched as illustrated in FIG. 5 by, for example,
returning the rotational position of the cam ring 1485 with
the driving of the cam actuator 147, so that the restriction of
the movement of the first sleeve 121 in the axial direction
due to the cam operation is released.

This modification reduces load of the cam actuator 147
that drives the cam ring 148b.

The tooth faces 123 and 125 of the first and the second
meshing clutches 117 and 119 to receive the driving torque
have the pressure angles similar to those of the tooth faces
120 and 122 to receive the coasting torque. Namely, the
pressure angles of the tooth faces 123 and 125 may be more
than the friction angles relative to the rotational axis. This is
because that the axial movement of the first sleeve 121 can
be blocked by the cam operation of the cam ring 148.

In this way, the present embodiment easily switches the
meshing clutch mechanism 1002 between the one-way
clutch function and the two-way clutch function with the
simple mechanism. Further, since the meshing clutches are
used for the torque transmission, the torque transmission is
secured and has large quantity torque.

FIG. 8 is a schematic skeleton sectional view of a meshing
clutch mechanism with partial omission according to the
embodiment 2. It should be noted that components being
identical or corresponding to those of the embodiment 1 are
represented with the same reference numerals to omit dupli-
cate explanation.

As illustrated in FIG. 8, a second meshing clutch mecha-
nism 2002 being a meshing clutch mechanism according to
the embodiment 2 is provided with a second rotor 2101
being a rotor, a second sleeve 2121 as a sleeve, a cam
member 2126, a second cam ring 2148 being a cam ring, and
a cam actuator 147. Further, the second meshing clutch
mechanism 2002 is provided with a second clutch hub 2133,
a first and a second meshing clutches 117 and 119.

The second rotor 2101 is provided integrally with the first
meshing clutch 117. The second rotor 2101 is configured to
be fitted and supported rotatably to a torque transmission
shaft 2102 through a bearing 2254. The torque transmission
shaft 2102 is provided with the second clutch hub 2133
being a clutch hub.

The second sleeve 2121 is provided with the second
meshing clutch 119 configured to mesh with the first mesh-
ing clutch 117. The second sleeve 2121 is urged by a
retaining member 2155 so as to release meshing between the
first and the second meshing clutches 117 and 119 similar to
the embodiment 1. The retaining member 2155 of the second
embodiment is configured to have a ball protruded and urged
by a coil spring, and a slanted face. The ball protruded and
urged by the coil spring is supported by a hole of a second
clutch hub 2133 in a radial direction. The slanted face is
formed on an inner periphery of the second meshing clutch
119. It is configured that the ball protruded and urged by the
coil spring resiliently contacts the slanted face. The second
sleeve 2121 is engaged with the second clutch hub 2133 in
a rotational direction using spline-fitting or the like and is
supported movably in an axial direction.

The cam member 2126 is provided with a first cam 2123
to lock the meshing. The cam member 2126 is fitted rela-

15

20

25

30

35

40

45

55

65

10

tively rotatably to and axially movably supported on the
second clutch hub 2133. The cam member 2126 is arranged
adjacent to the second sleeve 2121 through a bearing 2141
s0 as to be allowed to rotate relatively to and transmit axial
force to the second sleeve. On an outer diametral portion of
the cam member 2126, a cam-member-rotation preventing
means 2151 engaging with a case 025 is provided. The cam
member 2126 un-rotatably engages with the case 025 using
the cam-member-rotation preventing means 2151 and is
only movable in the axial direction.

The second cam ring 2148 is provided with a second cam
124 that engages with the first cam 2123. The structures of
the first cam 2123 and the second cam 124 are the same as
of the first cam 143 and the second cam 145 of the
embodiment 1 and are configured as illustrated in FIGS. 4-7.

The second cam ring 2148 is arranged to face the cam
member 2126 and is rotatable relatively to the second clutch
hub 2133. The second cam ring 2148 is prevented from
moving away from the cam member 2126 in the axial
direction using a stopper ring 108 through a bearing 106.
The stopper ring 108 is positioned on the second clutch hub
2133 using a second hub fastening member 110 such as
c-clip. The stopper ring 108 may be formed integrally with
the second clutch hub 2133. The second cam ring 2148
causes the first and the second cams 2123 and 124 to
cooperate with each other and convert movement in the
rotational direction into movement in the axial direction.
The converted movement in the axial direction is transmitted
to the cam member 2126. It is configured that the cam
member 2126 moves with this transmission to lock the
meshing releasably by rotationally driving.

Even in the embodiment 2, the second cam ring 2148 is
provided with a rotated means 2149 similar to the embodi-
ment 1, and is configured to be connected with the cam
actuator 147 through a drive pinion 151. The second cam
ring 2148 is configured to be rotationally driven by the cam
actuator 147.

The torque transmission shaft 2102 is rotatably supported
by the case 025 through bearings 2252 and 2255. The second
clutch hub 2133 is fixed to or formed integrally with the
torque transmission shaft 2102. The second rotor 2101 is
rotatably supported by the torque transmission shaft 2102
through a bearing 2254.

The first clutch hub 133 of the embodiment 1 is fixed to
the case 02q and is stationary. In contrast, the second clutch
hub 2133 of the embodiment 2 is fastened and fixed to the
torque transmission shaft 2102 to rotate integrally with the
torque transmission shaft.

As FIG. 5 mentioned in the embodiment 1, when the cam
operation works in the state that the first and the second
meshing clutches 117 and 119 mesh with each other, the
meshing of the second meshing clutch 119 with the first
meshing clutch 117 is not released.

Namely, even when coasting torque acts between the first
and the second meshing clutches 117 and 119, the second
sleeve 2121 does not move in a direction to release the
second meshing clutch 119 from the first meshing clutch
117. Further, an end portion 183 of the second rotor 2101
having the first meshing clutch 117 contacts with a trans-
mission member 185 of the torque transmission shaft 2101
and accordingly does not move in the axial direction. The
connection between the first and the second meshing clutch
117 and 119 is, therefore, kept.

If the coasting torque is generated between the first and
the second meshing clutches 117 and 119, axial thrust is
generated on the second sleeve 2121. The axial thrust is
transmitted to the torque transmission shaft 2102 via the
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second clutch hub 2133 through the stopper ring 108 and the
second hub fastening member 110 using the bearing 106 and
2141. Further, axial force or reaction force of the first
meshing clutch 117 is transmitted to the torque transmission
shaft 2102 via the second rotor 2101, the end portion 183,
and the transmission member 185 and is absorbed as internal
force of the torque transmission shaft 2102. Accordingly,
load caused by the thrust of the first and the second meshing
clutches 117 and 119 is not applied to the bearings 2252 and
2255 supporting the torque transmission shaft 2102 to the
case 024, and rotational loss and abrasion are not promoted.

As mentioned in the embodiment 1, in a case that the
second cam ring 2148 is rotated to put the first cam con-
vexities 126 and the second cam concave flats 130 in the
same phase positions, when the coasting torque acts on the
first and the second meshing clutches 117 and 119, the
connection of the first and the second meshing clutches 117
and 119 is released. Further, the retaining member 2155
urges the second sleeve 2102 to retain a releasing position of
the second meshing clutch 119.

As mentioned above, according to the embodiment 2, the
second cam ring 2148 is rotated, thereby to switch between
the one-way clutch function and the two-way clutch function
of the second meshing clutch mechanism 2002.

It should be noted that, when a controller 301 receives a
shift command, the cam actuator 147 is driven so that a
sensor 303 detects the phase of the second cam ring 2148
similar to the embodiment 1. The detecting signal is sent to
the controller 301, whereby the cam ring 148 takes a given
phase.

FIG. 9 is a schematic skeleton sectional view of a two-
speed transmission with partial omission according to the
embodiment 3.

As illustrated in FIG. 9, the embodiment 3 configures a
two-speed transmission using the first meshing clutch
mechanism 1002 of the embodiment 1. Components being
identical or corresponding to those of the embodiment 1 are,
therefore, represented with the same reference numerals to
omit duplicate explanation.

The two-speed transmission of the embodiment 3 inputs
power of a motor 005 being a driving source to a first sun
gear 107 being a sun gear through a first sun gear shaft 105.
It is configured that the power after gear shifting is trans-
mitted to a differential 001 being another member through a
first drive pinion 102 being a drive pinion for output. The
other member is not particularly limited thereto, and may be
one other than the differential 001.

The two-speed transmission is provided with an internal
gear 101 rotatably relatively to a case 02¢. Between the
internal gear 101 and a first planet carrier 113, it is config-
ured to adjust frictional torque for connection using a
friction clutch mechanism. As the friction clutch mecha-
nism, a first friction clutch mechanism 1004 or a second
friction clutch mechanism 2004 explained later is used.

The two-speed transmission of the embodiment 3 is
generally provided with the first planet carrier 113 being a
planet carrier, the first friction clutch mechanism 1004 or the
second friction clutch mechanism 2004 being the friction
clutch mechanism, a clutch actuator 159 and the like, in
addition to a first meshing clutch mechanism 1002, the first
sun gear 107 being a sun gear, and the internal gear 101.

The first sun gear 107 is configured to receive rotation
input as mentioned above.

The internal gear 101 meshes with the first sun gear 107
through a first planet pinion 111 being a planet pinion, and
corresponds to the first rotor 101 of the first embodiment.
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The first planet carrier 113 is supported rotatably rela-
tively to the internal gear 101, and rotatably supports the first
planet pinion 111. One side portion of the first planet carrier
113 is rotatably supported to a first boss portion 142 through
a bearing 142a.

Another side portion of the first planet carrier 113 is
provided with a gear-set support 113a and a hollow output
shaft 1112. The output shaft 1112 is fitted to and is relatively
rotatably supported with a first sun gear shaft 105. The
output shaft 1112 is provided integrally with the first drive
pinion 102 being a drive pinion for output.

The first friction clutch mechanism 1004 or the second
friction clutch mechanism 2004 is interposed between the
internal gear 101 and the first planet carrier 113 and is
configured to be fastened to adjust the connection between
the internal gear 101 and the first planet carrier 113.

The clutch actuator 159 is configured to adjust the fric-
tional torque of the connection of the friction clutch mecha-
nism according to fastening control of the first friction clutch
mechanism 1004 or the second friction clutch mechanism
2004. In the following explanation, explanation is given
using the first friction clutch mechanism 1004 and the
second friction clutch mechanism 2004 will be explained in
the embodiment 4.

Input to the two-step transmission of the embodiment 3
illustrated in FIG. 9 is performed to the first sun gear shaft
105. The first sun gear shaft 105 is connected with a
fastening member 103 such as spline or key to a motor shaft
007 of the motor 005 on one end side. The one end side of
the first sun gear shaft 105 is supported by a bearing 114 to
a shaft-support housing on the case 02¢. An interspace
between the one end side of the first sun gear shaft 105 and
the case 02c¢ is sealed with a packing 116. The first sun gear
107 is connected to a fastening means 109 such as spline or
key or is integrally formed on the other end side of the first
sun gear shaft 105.

The internal gear 101 has an annulus gear 156 meshing
with the first planet pinion 111. The first planet pinion 111
is arranged between the internal gear 101 and the first sun
gear 107 and meshes with the both gears. Torque transmitted
to the first sun gear 107 is, therefore, transmitted to the
internal gear 101 through the first planet pinion 111. One
side portion of the internal gear 101 is provided with the first
boss portion 142. The other side portion of the internal gear
101 is provided with a first clutch housing 155 for the first
friction clutch mechanism 1004.

The torque transmitted to the internal gear 101 is ampli-
fied greater than the input torque into the first sun gear 107
according to the connection of the first meshing clutch
mechanism 1002. The amplified torque is transmitted to the
first planet carrier 113 to drive the first drive pinion 102. At
this time, the rotation of the first drive pinion 102 is reduced
relatively to of the first sun gear 107 that is input rotation and
the two-speed transmission is in the low-speed stage.

When releasing the first meshing clutch 1002 and con-
necting the first friction clutch mechanism 1004, the torque
transmitted to the internal gear 101 is transmitted to the first
planet carrier 113 through the first friction clutch mechanism
1004. With this transmission, the first drive pinion 102 is
driven.

At this time, the rotations of the first sun gear 107 and the
first drive pinion 102 are the same as each other and the
two-speed transmission is in the high-speed stage.

Members bearing the transmission function of the two-
speed transmission of the embodiment 3 are mainly realized
by the first meshing clutch mechanism 1002 and the first
friction clutch mechanism 1004.
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As illustrated in FIG. 9, the first friction clutch mecha-
nism 1004 is composed of the first clutch housing 155, a first
friction clutch hub 140 provided on the first planet carrier
113, first and second friction members 153 and 154, and a
pressing force adjustment means.

The first friction members 153 are configured to contact
with the second friction member(s) 154 on both sides or one
side. The first friction members 153 engage with the first
friction clutch hub 140 in a rotational direction at inner
diametral portions. The second friction members 154 engage
with the first clutch housing 155 in the rotational direction
at outer diametral portions. The first clutch housing 155 has
a means to receive pressing force applied to the first and the
second friction members 153 and 154.

The pressing force adjustment means is provided with a
series of a first differential gear set 0171 including a pressing
member 175, a first and a second differential gears 171 and
169, and a torque cam 162.

The pressing member 175 has an outer diametral portion
contacting with the first friction members 153 or the second
friction members 154 to apply pressing force to the first and
the second friction members 153 and 154. An inner diame-
tral portion of the pressing member 175 is arranged rotatably
relatively to a gear-set support 113a provided to the first
planet carrier 113. On the gear-set support 113a, a bearing
173, the first and the second differential gears 171 and 169,
and a bearing 167 is arranged in the axial direction. Respec-
tive opposing faces of the first and the second differential
gears 171 and 169 have a plurality of grooves having a depth
tilted in a circumferential direction. A rolling body 161
engages with each groove to form the torque cam 162. The
torque cam 162 has a function to convert relatively rota-
tional torque of the first and the second differential gears 171
and 169 into axial thrust.

A first fixing member 165 is fastened and fixed to the
gear-set support 113a using a fastening member 168. The
first fixing member 165 supports the bearing 167 that
receives thrust reaction force generated by the torque cam
162 of the second differential gear 169.

The first differential gear set 0171 is configured to be
driven by a clutch pinion 157 meshing with the first and the
second differential gears 171 and 169. The clutch pinion 157
is configured to be rotationally driven by the clutch actuator
159. The clutch pinion 157 is attached to an output shaft of
the clutch actuator 159 being an electric motor or the like.
The clutch actuator 159 is fastened and fixed on the case 02¢.

When the first differential gear set 0171 is driven by the
clutch actuator 159 in a given direction, the first and the
second differential gears 171 and 169, therefore, relatively
rotate while rotating. With this relative rotation, the rolling
body 161 moves on the tilted face of the torque cam 162, and
thrust is generated the first and the second differential gears
171 and 169 in a direction moving away from each other.
This thrust presses the first and the second friction members
153 and 154 via the bearing 173 and the pressing member
175 to generate the frictional torque.

Namely, the first friction clutch mechanism 1004 gener-
ates the frictional torque to fasten between the internal gear
101 and the first planet carrier 113. With the frictional
torque, the first sun gear 107, the internal gear 101, and the
first planet carrier 113 rotate together. When the clutch
actuator 159 drives the clutch pinion 157 in a reverse
rotational direction, the frictional torque of the first friction
clutch mechanism 1004 is disappeared.

In contrast, the first friction clutch mechanism 1004 is
released, the internal gear 101 is connected to the case 02¢
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using the first meshing clutch mechanism 1002, and the first
sun gear 107 is rotated using the motor 005 in a forward
direction.

In this state, the internal gear 101 is stopped and accord-
ingly the first planet pinion 111 revolves together with the
first planet carrier 113 at a lower angular velocity than of the
first sun gear 107 while rotating. The first planet carrier 113
and the first drive pinion 102, therefore, rotate at a low-speed
and with higher torque than the first sun gear 107, and the
two-speed transmission of the present embodiment is in a
state of the low-speed stage.

In the low-speed stage, the coasting torque in the reverse
direction relative to the torque of the first sun gear 107 is
applied from the first planet pinion 111 to the first meshing
clutch 117 of the internal gear 101. In the case of the
embodiment 3, a tooth face 123 (see FIG. 2 and FIG. 3) of
the first meshing clutch 117 is, therefore, set so as to be a
tooth face that receives torque in a reverse rotational direc-
tion relative to a forward rotational torque of the first sun
gear 107. Namely, the tooth faces 123 and 125 are set as
drive tooth faces that receive driving torque relative to the
torque in the reverse rotational direction, and tooth faces 120
and 122 are set as coast tooth faces that receive coasting
torque.

When the torque in the reverse direction relative to the
forward rotational torque to the first sun gear 107 is applied,
the torque is applied to the coast tooth faces 120 and 122 of
the first and the second meshing clutches 117 and 119. With
this torque application, thrust is generated between the first
and the second meshing clutches 117 and 119 in a direction
separating away from each other.

At this time, similar to the embodiment 1 of FIG. 1 to FIG.
5, when the cam ring 148 is in a rotational phase in which
first cam convexities 126 contact with second cam convex
flats 128, the sleeve 121 receiving the axial thrust is blocked
to move by the cam ring 148. The two-way clutch function
of the first meshing clutch mechanism 1002, therefore,
works similarly to the embodiment 1. Accordingly, even
when the coasting torque is applied to the first sun gear 107,
the meshing of the first and the second meshing clutches 117
and 119 is kept.

Gear shifting from the low-speed stage to the high-speed
stage makes the first meshing clutch mechanism 1002 be in
the state of the one-way clutch function. Namely, the cam
ring 148 is rotationally driven using a cam actuator 147
similarly to the embodiment 1. With this rotationally driv-
ing, the phases of the first cam convexities 126 of the first
sleeve 121 and the second cam concave flats 130 of the cam
ring 148 match each other as illustrated in FIG. 4 of the
embodiment 1. With this matching, the sleeve 121 is allowed
to move in the axial direction until the first cam convexities
126 and the second cam concave flats 130 mesh with each
other. This exhibits the one-way clutch function of the first
meshing clutch mechanism 1002.

At the same time, the first differential gear set 0171 is
driven by the clutch actuator 159 in a given direction, to
fasten the first friction clutch mechanism 1004. With this
fastening, frictional connection is performed between the
internal gear 101 and the first planet carrier 113 by the first
friction clutch mechanism 1004. With this frictional engage-
ment, the first meshing clutch 117 starts rotating in the same
direction as the first sun gear 107. With this rotation, the
coasting torque is applied to the coast tooth faces 120 and
122 of the first and the second meshing clutches 117 and 119.
At this time, the second meshing clutch 119 moves back-
ward in the axial direction according to the one-way clutch
function of the first meshing clutch mechanism 1002, so that
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the connection between the first and the second meshing
clutches 117 and 119 is automatically released. As this
result, the two-speed transmission is smoothly shifted to the
high-speed stage without interruption of driving force.

Shifting-down from the high-speed stage to the low-speed
stage is performed by releasing the first friction clutch
mechanism 1004. The rotation of the motor 005 is increased
along with this releasing until the rotation of the internal
gear 101 is mostly stopped or slightly reversed. In this stage,
the cam ring 148 is rotationally driven by the cam actuator
147. With this rotationally driving, the first cam convexities
126 disengage from the second cam concave flats 130. At the
same time, the first cam convexities 126 contact with the
second cam convex flats 128. This shifts the two-speed
transmission down to the low-speed stage.

In a vehicle or the like having the two-speed transmission
of the present invention, in a case that shifting-down needs
to be performed while keeping the driving force of the first
drive pinion 102 at the time of climbing, seamless shift-
down is enabled while keeping the driving force as follows.

Namely, the driving of the clutch actuator 159 is stopped
at a point of time when the frictional torque of the first
friction clutch mechanism 1004 is reduced until the first and
the second friction members 153 and 154 start minutely
slipping, to fix the frictional torque of the first friction clutch
mechanism 1004. Instead of the fixing of the frictional
torque, the first friction clutch mechanism 1004 is fastened
and driven in a direction to increase frictional force to the
extent not to hinder increase of rotation of the motor 005
explained later. The rotation of the motor 005 is increased
until the rotation of the internal gear 101 is stopped or is
slightly reversed. The first meshing clutch mechanism 1002
is fastened, and the first friction clutch mechanism 1004 is
released simultaneously with the fastening of the first mesh-
ing clutch mechanism 1002 or after the fastening as soon as
possible.

Normal control of the first friction clutch mechanism
1004 is as follows. The first friction clutch mechanism 1004
is rotationally driven by the clutch actuator 159 in a direction
to be fastened from a releasing position. With this rotation-
ally driving, it is deemed to start pressing of the first and the
second friction clutches 153 and 155 is started at a point of
time when load is caused on the clutch actuator 159. The first
friction clutch mechanism 1004 is deemed to be fastened
with AX rotations from the point of time of the pressing start.
The AX rotations are determined through tests in advance.

The releasing of the first friction clutch mechanism 1004
is performed by reversely rotating the clutch actuator 159 by
AX+a.

The connection of the first meshing clutch mechanism
1004 for performing the shift-down needs to be performed
when the rotation of the first meshing clutch 117 is stopped
or minutely reversed. For this, a sensor 302 detects the
rotation of the internal gear 101 and sends it to a controller
301. The controller 301 receiving the sending determines
rotational condition of the first meshing clutch 117. With this
determination, the cam actuator 147 is driven in a direction
to fasten the first meshing clutch mechanism 1002. If the
seamless shift-down is performed, it is required to detect a
minute slip between the first and the second friction clutches
153 and 154.

Effect of the embodiment 3 is as follows. The shift-up to
the high-speed stage is allowed to be the seamless and
smooth gear shifting by making the first meshing clutch
mechanism 1002 be in the one-way clutch function and
fastening the first friction clutch mechanism 1004. More-
over, since the first meshing clutch mechanism 1002 has the

10

15

20

25

30

35

40

45

50

55

60

65

16

two-way clutch function with the locking of the one-way
clutch function, the torque transmission is allowed in the
reverse direction relative to the normal driving in a regen-
eration mode of the driving motor 005 at the low-speed stage
or at the time of backward driving of the vehicle.

In addition, the embodiment 3 may employ a second or a
third friction clutch mechanism 2004 or 3004 explained in
the embodiment 4 and embodiment 8 illustrated in FIG. 10
and FIG. 14 instead of the first friction clutch mechanism
1004 of FIG. 9.

FIG. 10 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
the embodiment 4.

As illustrated in FIG. 10, the embodiment 4 configures a
two-speed transmission using the first meshing clutch
mechanism 1002 of the embodiment 1. The two-speed
transmission of the embodiment 4 is similar to the two-speed
transmission of the embodiment 3. Components being iden-
tical or corresponding to those of the embodiments 1 and 3
are, therefore, represented with the same reference numerals
to omit duplicate explanation.

Major differences between the two-speed transmission of
the embodiment 4 and the two-speed transmission of the
embodiment 3 are as follows. The embodiment 4 does not
use the internal gear 101 of the embodiment 3. It is config-
ured that a first meshing clutch mechanism 1002 connects
and releases between a second planet carrier 2113 and a case
02d. A second friction clutch mechanism 2004 is configured
to connect and release between the second planet carrier
2113 and a third sun gear shaft 3105.

The two-speed transmission of the embodiment 4 is
generally provided with a second sun gear 2192 as a sun
gear, a third sun gear shaft 3105, a second planet pinion 2201
as a planet pinion, the second planet carrier 2113 as a planet
carrier, a second friction clutch mechanism 2004 as a friction
clutch mechanism, and a clutch actuator 159 in addition to
the first meshing clutch mechanism 1002.

The second sun gear 2192 is configured to receive rotation
input from a motor 005 using the third sun gear shaft 3105
as a sun gear shaft.

The third sun gear shaft 3105 is fitted and is rotatably
supported to a second sun gear shaft 2105 as a sun gear shaft.
The third sun gear shaft 3105 is provided with a third sun
gear 2110 and a drive pinion 2164 for output. In addition, the
second sun gear shaft 2105 corresponds to the first sun gear
shaft 105 of the embodiment 3.

The second planet pinion 2201 is provided integrally with
a first and a second gears 2114 and 1226. The first gear 2114
meshes with the second sun gear 2192. The second gear
2116 meshes with the third sun gear 3105. The second gear
2116 is set to have the less number of teeth than of the first
gear 2114.

The second planet carrier 2113 rotatably supports the
second planet pinion 2201. In addition, the second planet
carrier 2113 corresponds to the first rotor 101 of the embodi-
ment 1.

The second friction clutch mechanism 2004 is interposed
between the second planet carrier 2113 and the third sun gear
shaft 3105 and is configured to be fastened to adjust con-
nection between the second planet carrier 2113 and the third
sun gear shaft 3105.

The clutch actuator 159 is configured to adjust frictional
torque of the connection according to fastening control of
the second friction clutch mechanism 2004.

Input to the two-speed transmission of the embodiment 4
illustrated in FIG. 10 is performed to the second sun gear
shaft 2105. The second sun gear shaft 2105 is connected to
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a motor shaft 007 of the motor 005 on one end side similarly
to the embodiment 3. The other end side of the second sun
gear shaft 2105 is rotatably supported to a second boss 2214
of the second planet carrier 2113 through a bearing 115.

The third sun gear shaft 3105 is provided integrally with
a second friction clutch hub 1405. The second friction clutch
hub 1405 is configured to engage with inner diametral
portions of first friction members 153 in a rotational direc-
tion. The third sun gear shaft 3105 is provided integrally
with a first drive pinion 102 as a drive pinion for output. The
first drive pinion 102 is configured to drive other members
such as a differential 001. The third sun gear shaft 3105 is
supported on an outer periphery of the second sun gear shaft
2105 through bearings 2163 and 2164.

The second planet pinion 2201 is rotatably supported to
the second planet carrier 2113 through a bearing 191. The
second planet carrier 2113 is provided with a second clutch
housing 2187 on one side portion. The second clutch hous-
ing 2187 is configured to engage with outer diametral
portions of second friction members 154 in the rotational
direction. The second clutch housing 2187 has a means to
receive pressing force applied to the first and the second
friction members 153 and 154. The other side portion of the
second planet carrier 2113 is provided integrally with the
second boss 2214. The second boss 2214 is rotatably sup-
ported to an inner diametral portion of a first clutch hub 133
of a clutch holder 137 of a clutch holder 137 through a
bearing 131.

Here, differences between the second friction clutch
mechanism 2004 and the first friction clutch mechanism
1004 will be explained.

The first friction clutch mechanism 1004 explained with
FIG. 9 is configured that the pressing force adjustment
means is provided with the series of the first differential gear
set 0171 including the pressing member 175, the first and the
second differential gears 171 and 169, and the torque cam
162 as mentioned above. The torque cam 162 generates the
thrust according to the driving of the clutch actuator 159, to
press the first and the second friction members 153 and 154
by the pressing member 175.

In contrast, in the second friction clutch mechanism 2004,
a pressing force adjustment means is provided with an
elastic body 177. The elastic body 177 is configured to apply
the pressing force to the first and the second friction mem-
bers 153 and 154. It is configured that axial thrust generated
at a torque cam 2271 cancels out the pressing force of the
elastic body 177, to reduce or disappear the frictional torque
of the second friction clutch mechanism 2004.

The second friction clutch mechanism 2004 supports and
engages an outer periphery of the second friction member
154 with the second clutch housing 2187 in the rotational
direction. The second clutch housing 2187 has a means to
receive pressing force of the first and the second friction
members 153 and 154. The second friction members 154 at
the outer peripheral portions engages with the second clutch
housing 2187 in the rotational direction. The first friction
members 153 contact with the second friction members 154
on one side or both sides, and engages with the second
friction clutch hub 1404 in the rotational direction at the
inner diametral portions.

The pressing force adjustment means applies or adjusts
the pressing force to the first and the second friction member
153 and 154. The pressing force adjustment means is
provided with a first pressing force adjustment member 2189
as a pressing force adjustment member. The first pressing
force adjustment member 2189 is configured to contact with
any one of the first and the second friction members 153 and
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154 and adjust the pressing force between the friction
members. The pressing force adjustment member 2189 is
provided integrally with a gear-set support 2176 being a
hollow shaft. A second differential gear set 0271 is arranged
on the gear-set support 2176. The second differential gear set
0271 corresponds to the first differential gear set 0171 of the
embodiment 3.

The second differential gear set 0271 is provided with the
elastic body 177. The elastic body 177 contacts with the first
pressing force adjustment member 2189. It is configured that
the elastic body 177 presses the first pressing force adjust-
ment member 2189 and the pressing force is generated on
the first and the second friction members 153 and 154 for the
fastening. It is configured that reaction force of the elastic
body 177 is received by a reaction force member 2173. The
reaction force member 2173 is fixed to the second clutch
housing 2187 using a fastening member 2179.

An inner diametral portion of the reaction force member
2173 contacts a bearing 2169 and is arrayed with a third and
a fourth differential gears 2171 and 2172, and a bearing 2170
in an axial direction. A torque cam 2271 is configured
between the third and the fourth differential gears 2171 and
2172 similar to the embodiment 3. The bearing 2170 is
configured that axial force is received by a second fixing
member 2168. The second fixing member 2168 is fixed to
the gear-set support 2176 with a fastening member 2165.

The second differential gear set 0271 is driven by the
clutch actuator 159 through a clutch pinion 157. When the
second differential gear set 0271 is driven in a direction
generating thrust of the torque cam 2271, the generated axial
thrust is transmitted to the gear-set support 2176 of the first
pressing force adjustment member 2189. With this trans-
mission, the gear-set support 2176 moves so as to separate
the bearings 2170 and 2169 away from each other. The first
pressing force adjustment member 2189 moves together
with that movement. With the movement of the first pressing
force adjustment member 2189, the pressing force of the
elastic body 177 is reduced. With this reduction, the friction
torque of the second friction clutch mechanism 2004 is
reduced or disappeared.

Operation of the two-speed transmission of the embodi-
ment 4 is the same as of the two-speed transmission of the
embodiment 3 basically. The low-speed stage fixes the
rotation of the second planet carrier 2113 on the case 024
side according to the first meshing clutch mechanism 1002
mentioned above. In this state, the second planet pinion
2201 only rotates without revolving. Accordingly, the rota-
tion of the second sun gear 2192 is transmitted to the third
sun gear 2110 having the relatively larger number of the
teeth. Rotating speed of the third sun gear 2110 is, therefore,
lower than rotating speed of the second sun gear 2192
performing input rotation, and the first drive pinion 102 is
driven at that speed. The driving state is the low-speed stage.
At the low-speed stage, the second planet carrier 2113
receives the torque in the reverse direction relative to the
second sun gear 2192. The meshing of the first and the
second meshing clutches 117 and 119, therefore, becomes
similarly to that of the embodiment 3 as explained in the
embodiment 3.

Shifting from the low-speed stage to the high-speed stage
rotates the cam ring 148 using the cam actuator 147 similarly
to the embodiment 3. This rotation makes the first meshing
clutch mechanism 1002 fixing the rotation of the second
planet carrier 2113 be in the one-way clutch function. The
clutch actuator 159 drives the first and the second differential
gear sets 0171 and 0271 through the clutch pinion 157. With
this driving, the second friction clutch mechanism 2004
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connects the rotations between the second planet carrier
2113 and the third sun gear shaft 3105. With this connection,
relative rotation among the second planet pinion 2201, the
second sun gear 2192 having input rotating speed and the
third sun gear 2110 is fixed. With this fixing, the rotation of
the second sun gear 2192 is not reduced to be transmitted to
the third sun gear shaft 3105 and it becomes the high-speed
stage.

Shifting down from the high-speed stage to the low-speed
stage is the same as of the embodiment 3. Connection
between the third sun gear shaft 3105 and the second planet
carrier 2113 is released by operation of the second friction
clutch mechanism 2004. Alternatively, coupling force or
torque of the second friction clutch mechanism 2004 is
reduced until the first and the second friction members 153
and 154 start minutely slipping. At that point of time, the
rotation of the motor 005 is increased until the rotation of the
second planet carrier 2113 is stopped or is slightly reversed.
In this stage, the cam ring 148 is rotated to work first cam
convexities 126 and second cam convex flats 128. With this
working, the first and the second meshing clutches 117 and
119 of the first meshing clutch mechanism 1002 keep
meshing.

In addition, the second friction clutch mechanism 2004 of
the embodiment 4 may be configured by the first friction
clutch mechanism 1004 of the embodiment 3 as mentioned
above. In this case, the second clutch housing 2187 is
replaced with the first clutch housing 155 of the embodiment
3 illustrated in FIG. 9. The pressing member 175 of the
embodiment 3 is assembled into the replaced first clutch
housing 155. The pressing member 175 is a component
instead of the first pressing force adjustment member 2189,
the elastic body 177, and the reaction force member 2173.
The first friction clutch mechanism 1004 with this arrange-
ment may connect and release between the second planet
carrier 2113 and the third sun gear shaft 3105.

Differences of the embodiment 4 with respect to the
embodiment 3 in effect are as follows. In the case that the
internal gear 101 and the first planet pinion 111 being a
single planet pinion are used as the embodiment 3, a
reduction ratio of the low-speed stage is greater than 2 and
is hard to be made close to 2.

In contrast, the embodiment 4 freely selects the reduction
ratio including 2. Further, it is low-cost with no internal gear.

FIG. 11 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
the embodiment 5.

As illustrated in FIG. 11, the embodiment 5 configures a
two-speed transmission using the first meshing clutch
mechanism 1002 of the embodiment 1. In the two-speed
transmission of the embodiment 5, the means to receive the
power of the motor 005 of the embodiment 3 is changed, and
the second friction clutch mechanism 2004 of the embodi-
ment 4 is employed as a friction clutch mechanism. Main
parts of components being identical or corresponding to
those of the embodiments 1, 3, and 4 are, therefore, repre-
sented with the same reference numerals or the same refer-
ence numerals in the 4000s to omit duplicate explanation.

The two-speed transmission of the embodiment 5 is
different from the two-speed transmission of the embodi-
ment 3 in the following respects. The two-speed transmis-
sion of the embodiment 5 performs rotation input from a
motor 005 to a first sun gear 107 as a sun gear by a drive gear
2103 of a motor shaft 007 and a driven gear 2104 of a fourth
sun gear shaft 4105.

As illustrated in FIG. 11, the drive gear 2103 is fixed to
the motor shaft 007. The drive gear 2103 meshes with the
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driven gear 2104 fixed to the fourth sun gear shaft 4105 as
a sun gear shaft. The fourth sun gear shaft 4105 is rotatably
supported by a bearing 114 on a case 02e. The first sun gear
107 engages with the fourth sun gear shaft 4105 by a
fastening means 4106 such as splines or is formed integrally
with the fourth sun gear shaft.

An interspace between an internal gear 101 and a first
planet carrier 113 is configured to be connected and released
by the second friction clutch mechanism 2004 of the
embodiment 4 similar to the embodiment 3. The second
friction clutch mechanism 2004 may be replaced with the
first friction clutch mechanism 1004 of the embodiment 3.

At the time of gear shifting, the first meshing clutch
mechanism 1002 connects or releases between the internal
gear 101 and the case 02e¢. The structure, function, and
control of the gear shifting are the same as of the embodi-
ments 3 and 4 mentioned above.

Characteristics of the embodiment 5 relative to the
embodiments 3 and 4 are as follows. A gear train comprising
the drive gear 2103 and the driven gear 2104 is interposed
into a path to input the driving force contrary to the
embodiments 3 and 4. With this, a reduction or an accel-
eration gear ratio of the gear train is changed, thereby freely
changing input rotation to the first sun gear 107. Accord-
ingly, choices of the reduction gear ratio of the two-speed
transmission of the embodiment 5 are increased. Further, a
center distance between the motor shaft 007 and the differ-
ential 001 or the like is expanded to increase a degree of
freedom in layout.

FIG. 12 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
the embodiment 6.

As illustrated in FIG. 12, a two-speed transmission of the
embodiment 6 employs the input structure of the embodi-
ment 5 for the structure of the embodiment 4. Main parts of
components being identical or corresponding to those of the
embodiments 4 and 5 are, therefore, represented with the
same reference numerals to omit duplicate explanation.

Namely, in the embodiment 4 the rotation input structure
from the motor 005 to the second sun gear shaft 2105 is the
coaxial linear structure whereas in the embodiment 6 it is
configured similarly to the embodiment 5. A driven gear
2104 of the second sun gear shaft 2105 meshes with a drive
gear 2103 of a motor shaft 007 of the motor 005. With this,
the embodiment 6 provides the same effects as the embodi-
ment 5 relative to the structure of the embodiment 4.

FIG. 13 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
the embodiment 7.

As illustrated in FIG. 13, the embodiment 7 configures a
two-speed transmission using the second meshing clutch
mechanism 2002 of the embodiment 2. Components being
identical or corresponding to those of the embodiment 2 are,
therefore, represented with the same reference numerals to
omit duplicate explanation.

The two-speed transmission of the embodiment 7 is
generally provided with an input shaft 3203 and an output
shaft 3205, a low-speed and a high-speed drive gears 199
and 197, a low-speed and a high-speed driven gears 3201
and 211, a third friction clutch mechanism 3004 as a friction
clutch mechanism, and a clutch actuator 2159 in addition to
the second meshing clutch mechanism 2002.

The input shaft 3203 is provided integrally with the
low-speed drive gear 199 and the high-speed drive gear 197
and is configured to receive rotational input from a motor
005.
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The output shaft 3205 is configured to have the low-speed
driven gear 3201 meshing with the low-speed drive gear
199, the high-speed driven gear 211 meshing with the
high-speed drive gear 197, and a second drive pinion 221 as
a drive pinion for output.

The output shaft 3205 forms the torque transmission shaft
2102 of the embodiment 2. The input shaft 3203 may,
however, form a torque transmission shaft corresponding to
the torque transmission shaft 2102. The torque transmission
shaft in this case means that it rotatably supports a rotor
having the first meshing clutch 117 so as to be fitted thereto
and is provided with a second clutch hub 2133 and does not
intend output.

In the embodiment 7, since the output shaft 3205 forms
the torque transmission shaft 2102 of the embodiment 2, the
low-speed driven gear 3201 forms the second rotor 2101 of
the embodiment 2 and the low-speed drive gear 199 is fixed
to the input shaft 3203.

In a case that the input shaft 3203 forms the torque
transmission shaft 2102 of the embodiment 2, it is, however,
configured that the low-speed drive gear 199 forms the
second rotor 2101 of the embodiment 2 and the low-speed
driven gear 3201 is fixed to the output shaft.

The high-speed driven gear 211 is rotatably provided on
the output shaft 3205. The third friction clutch mechanism
3004 is provided between the output shaft 3205 and the
high-speed driven gear 211. The third friction clutch mecha-
nism 3004 is configured to adjust connection between the
output shaft 3205 and the high-speed driven gear 211.

It may be, however, configured that the high-speed drive
gear 197 is rotatably supported on the input shaft 3203, and
the third friction clutch mechanism 3004 is provided
between the high-speed drive gear 197 and the input shaft
3203. In this case, the third friction clutch mechanism 3004
is configured to adjust connection between the input shaft
3203 and the high-speed drive gear 197.

The clutch actuator 2159 is driven to control fastening the
third friction clutch mechanism 3004. It is configured that
the frictional torque of the connection is adjusted with this
fastening control.

A pressing force adjustment means is provided for con-
ducting fastening between the clutch actuator 2159 and the
third friction clutch mechanism 3004.

The pressing force adjustment means is provided with an
elastic body 227 and a second pressing force adjustment
member 231. The elastic body 227 is configured by, for
example, a disk spring. The elastic body 227 is configured
to generate pressing force to fasten the third friction clutch
mechanism 3004. The second pressing force adjustment
member 231 receives the pressing force of the elastic body
227 to conduct the fastening. The second pressing force
adjustment member 231 is a component connected to the
clutch actuator 2159 side.

The clutch actuator 2159 is configured to drive the second
pressing force adjustment member 231 to adjust the pressing
force of the elastic body 227. The clutch actuator 2159 is a
component being, for example, a hydraulic cylinder, an air
cylinder, a solenoid or the like. The clutch actuator 2159 is
configured that an output shaft such as piston rod is driven
in an axial direction. An electric motor may be, however,
used to rotate a ball screw and linearly move a ball nut.

Input to the two-speed transmission of the embodiment 7
illustrated in FIG. 13 is performed to the input shaft 3203.
The input shaft 3203 is rotatably supported on the case 02f.
The input shaft 3203 is coaxially arranged on and is inte-
grally connected to a motor shaft 007 of the motor 005. The
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input shaft 3203 is provided integrally with the low-speed
drive gear 199 and the high-speed drive gear 197 as men-
tioned above.

The output shaft 3205 is arranged in parallel with respect
to the input shaft 3203. The output shaft 3205 is provided
integrally with the second drive pinion 221. The second
drive pinion 221 is a component to transit power after gear
shifting to another member such as differential 001.

The low-speed driven gear 3201 and the high-speed
driven gear 211 are rotatably supported on the output shaft
3205.

The low-speed driven gear 3201 is rotatably supported on
the input shaft 3203. The low-speed driven gear 3201
meshes with the low-speed drive gear 199 of the input shaft
3203 to form a low-speed gear train. The low-speed driven
gear 3201 has the first meshing clutch 117 of the second
meshing clutch mechanism 2002.

The high-speed driven gear 211 meshes with the high-
speed drive gear 197 of the input shaft 3203 to form a
high-speed gear train. Two gear trains are configured by the
low-speed gear train and the high-speed gear train.

The high-speed driven gear 211 is fitted and arranged
rotatably on the output shaft 3205. The high-speed driven
gear 211 has a third boss 3216. The third boss 3216 is
rotatably supported on the case 02f through a bearing 225
and is positioned and fixed in the axial direction.

The two-speed transmission of the present embodiment 7
illustrated in FIG. 13 performs torque transmission through
the second meshing clutch mechanism 2002 of the embodi-
ment 2 at the low-speed stage, and through the third friction
clutch mechanism 3004 at the high-speed stage, and per-
forms gear shifting with cooperation of both the mechanisms
similarly to the other embodiments.

The second meshing clutch mechanism 2002 is config-
ured to connect and release between the low-speed driven
gear 3201 and the output shaft 3205.

The third friction clutch mechanism 3004 is configured to
connect and release between the high-speed driven gear 211
and the output shaft 3205.

In addition, the first or the second friction clutch mecha-
nisms 1004 or 2004 may be used instead of the third friction
clutch mechanism 3004.

As illustrated in FIG. 13, the third friction clutch mecha-
nism 3004 is provided with a third clutch housing 237, a
third clutch hub 233, first and second friction members 153
and 154, and a pressing force adjustment means.

The third clutch housing 237 is connected integrally with
the third boss 3216 of the higher-driven gear 211. The third
clutch housing 237 is rotatably supported and axially posi-
tioned on the third boss 3216 with interposition of the
bearing 225. The third clutch housing 237 has a means to
receive pressing force to the first and the second friction
members 153 and 154.

The third clutch hub 233 is provided on its inner periph-
eral portion with a shaft portion passing through an inner
diametral portion of the third boss 3216, and the shaft
portion is rotatably supported on the third boss 3216 with a
bearing 217. The shaft portion of the third clutch hub 233 is
connected integrally with the output shaft 3205.

The first friction member 153 engages with an outer
peripheral portion of the third clutch hub 233 in a rotational
direction. The second friction member 154 engages with an
inner peripheral portion of the third clutch housing 237 in
the rotational direction. The second friction members 154
are components contacting the first friction members 153 on
one side or both sides.
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The second pressing force adjustment member 231 is a
component contacting the first or the second friction mem-
ber 153 or 154 to adjust the pressing force applied to the first
and the second friction members 153 and 154.

The elastic body 227 is a component to urge the second
pressing force adjustment member 231 and apply axial force
to press the first and the second friction members 153 and
154. Tt is configured that reaction force of the elastic body
227 is received by a fastening member 229 fixed on the third
clutch housing 237.

An inner diametral portion of the second pressing force
adjustment member 231 is rotatably supported by a bearing
223. The bearing 223 is connected to a piston rod of the
clutch actuator 2159 through a pressure reduction member
235. The pressure reduction member 235 is a component
integrally with an inner race of the bearing 223. The clutch
actuator 2159 drives the inner diametral portion of the
second pressing force adjustment member 231 through the
pressure reduction member 235 and the bearing 223 in the
axial direction. It is configured to recoverably apply axial
force in a direction reducing the pressing force of the elastic
body 227 with that driving.

The two-speed transmission of the embodiment 7
becomes in the low-speed stage by connecting the low-speed
driven gear 3201 and the output shaft 3205 according to a
two-way clutch function of the second meshing clutch
mechanism 2002. A rotational phase of the second cam ring
2148 of the second meshing clutch mechanism 2002 is
shifted to put the second meshing clutch mechanism 2002
into a one-way clutch function, and the third friction clutch
mechanism 3004 is connected to shift up to the high-speed
stage.

Shift-down is performed as mentioned in the other
embodiments. Namely, the fastening of the third friction
clutch mechanism 3004 is released. The rotation of the
motor 005 is steeply increased until the first meshing clutch
117 is synchronized with or slightly exceeds the rotation of
the second meshing clutch 119. At that point of time, the cam
actuator 147 drives the cam ring 2148, to mesh the first and
the second meshing clutches 117 and 119 with each other.

Seamless shift-down is performed as mentioned above.
Namely, the frictional torque of the third friction clutch
mechanism 3004 is reduced. With this reduction, a minute
slip is detected between the first and the second friction
members 153 and 154. The minute slip is detected by
detecting rotational speed of the second drive pinion 221
using a rotation detecting means 2302 as a sensor and
calculating the same by comparison with the number of
rotation of the motor 005, for example. At a moment when
the minute slip is generated, fastening force of the third
friction clutch mechanism 3004 is fixed. In particular, the
actuator 2159 is stopped, and the number of rotation of the
motor 005 is steeply increased until the first meshing clutch
117 is synchronized with or slightly exceeds the second
meshing clutch 119. At that time, the first and the second
meshing clutches 117 and 119 mesh with each other, and the
third friction clutch mechanism 3004 is released at the same
time.

Although the embodiment 7 is an example that the second
meshing clutch mechanism 2002 and the third friction clutch
mechanism 3004 are arranged on the output shaft 3205, the
second meshing clutch mechanism 2002 and the third fric-
tion clutch mechanism 3004 may be altered as (2)-(4)
compared with the following layout (1).
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(1) Layout mentioned above in the embodiment 7, in
which the second meshing clutch mechanism 2002 and
the third friction clutch mechanism 3004 are provided
on the output shaft 3205.

(2) Layout in which the second meshing clutch 2002 is
provided on the output shaft 3205 and the third friction
clutch mechanism 3004 is provided on the input shaft
3203.

(3) Layout in which the third friction clutch mechanism
3004 is provided on the output shaft 3205 and the
second meshing clutch mechanism 2002 on the input
shaft 3203.

(4) Layout in which the second meshing clutch mecha-
nism 2002 and the third friction clutch mechanism
3004 are provided on the input shaft 3203.

The four combinations as mentioned above are available.

Further, the third friction clutch mechanism 3004 may be
configured by the other clutch such as hydraulic pressure, air
pressure, or electromagnetic clutch.

In the embodiment 7, the transmission gear performs the
biaxial meshing, so that the gear ratio is freely chosen for
both the high-speed stage and the low-speed stage. Further,
the basic structure is that one gear train is added to a single
gear train of a normal two-axis reduction gear for an electric
vehicle to modify the single gear train into the gears in the
two lines only. Accordingly, it involves little change against
the two-axis reduction gear for an electric vehicle in the
basic structure and the appearance form, is simple in struc-
ture, is lightweight, and is advantageous for mounting on a
vehicle.

FIG. 14 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
the embodiment 8.

As illustrated in FIG. 14, a two-speed transmission of the
embodiment 8 is basically configured in the same way as the
embodiment 3. Components being identical or correspond-
ing to those of the embodiment 3 are, therefore, explained
with the main same reference numerals to omit duplicate
explanation.

On the other hand, the embodiment 8 is configured to be
provided with a second output shaft 3112 as an output shaft
connected to a first planet carrier 113 and arranged so as to
be protruded outside.

Namely, a first sun gear 107 is fastened to or integrally
formed on a motor shaft 007. One side portion of the first
planet carrier 113 is provided with a second output shaft
3112. The second output shaft 3112 passes through an inner
diametral portion of a first clutch hub 133 of a first meshing
clutch mechanism 1002 and a case 02g, to be arranged so as
to be protruded outside. It is configured that an exterior
member is allowed to be connected to the second output
shaft 3112.

The other side portion of the first planet carrier 113 is
separated from a portion being a hollow output shaft 1112 in
the embodiment 3, and the output shaft 1112 is configured as
a hollow shaft not to directly perform output. The first sun
gear 107 is connected to the hollow shaft 1112, and the
hollow shaft 1112 is connected and fixed to the motor shaft
007.

The others are the same as of the embodiment 3 in basic
structure and function.

Difference of the two-speed transmission of the embodi-
ment 8 used in an electric vehicle with respect to the
embodiment 3 is as follows. Namely, the two-speed trans-
mission of the embodiment 3 is suitable for the layout in
which the motor 005 is horizontally mounted on the vehicle
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whereas the layout of the embodiment 8 is suitable for a
layout in which the motor 005 is vertically mounted.

FIG. 15 is a schematic skeleton sectional view of a
two-speed transmission with partial omission according to
the embodiment 9.

As illustrated in FIG. 15, a two-speed transmission of the
embodiment 9 is basically configured in the same way as the
embodiment 4. Components being identical or correspond-
ing to those of the embodiment 4 are, therefore, explained
with the main same reference numerals to omit duplicate
explanation.

On the other hand, the embodiment 9 is provided with a
third sun gear output shaft 4205 and an extended output shaft
4114 as an output shaft connected to a third sun gear 4110
and arranged so as to be protruded outside.

In the two-speed transmission of the embodiment 9,
positions of a first gear 2114 and a second sun gear 4108 and
positions of a second gear 2116 and a third sun gear 4110 are
reversed in an axial direction compared with the two-speed
transmission of the embodiment 4.

The second sun gear 4108 is fastened or integrally formed
on a motor shaft 007. The third sun gear 4110 is provided
with the third sun gear output shaft 4205 and the extended
output shaft 4114 as an output shaft. The extended output
shaft 4114 is configured to be formed by extension of the
third sun gear output shaft 4205. The third sun gear output
shaft 4205 corresponds to the third sun gear shaft 3105 of the
embodiment 4. The third sun gear output shaft 4205 is
rotatably supported on a second boss 2214 of a second planet
carrier 4113 through a bearing 115. The extended output
shaft 4114 passes through a case 02/ and is arranged so as
to be protruded outside. It is configured that an exterior
member is allowed to be connected to the extended output
shaft 4114.

The second sun gear 4108 is connected to a hollow shaft
2105, and the hollow shaft 2105 is fixed to the motor shaft
007. The hollow shaft 2105 corresponds to the second sun
gear shaft 2105 of the embodiment 4. The second sun gear
shaft 2105 of the embodiment 4 is used as the hollow shaft
2105 and is directly connected to the motor shaft 007.

The second sun gear 4108 in the embodiment 9 is pro-
vided integrally with the second friction clutch hub 1405 in
the embodiment 4. The second friction clutch mechanism
2004 of the embodiment 9 is configured to control fastening
between the second planet pinion 2201 and the second sun
gear 4108.

Even in the two-speed transmission of the embodiment 9,
the second friction clutch mechanism 2004 may be replaced
with the first friction clutch mechanism 1004. The embodi-
ment 9 is effective on an electric vehicle with a vertical
mounted motor similarly to the embodiment 8.

Although the torque transmission in the high-speed stage
in the two-speed transmissions of the embodiments 3-9 is
implemented by the first, the second, or the third friction
clutch mechanisms 1004, 2004, and 3004, it may be modi-
fied as follows.

(1) Thrust is generated by a worm wheel and a torque cam
instead of the first and the second differential gear set
0171 or 0271 to press the first and the second friction
members 153 and 154.

(2) Using a hydraulic clutch or an electromagnetic clutch.

The invention claimed is:

1. A meshing clutch mechanism, comprising:

a rotor being provided with a first meshing clutch and
being rotatably supported, the first meshing clutch
having a tooth face to transmit positive torque and a
tooth face to transmit negative torque, the tooth face to
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transmit negative torque angled to release meshing
according to the negative torque;

a sleeve being provided with a second meshing clutch to
mesh with the first meshing clutch and a first cam for
the meshing, being urged so as to release the meshing,
and engaging with a clutch hub in a rotational direction
and being supported on the clutch hub movably in an
axial direction, the clutch hub being fixed on a case;

a retaining member urging the sleeve to keep a releasing
position between the first and the second meshing
clutches;

a cam ring being provided with a second cam engaging
with the first cam and being configured to convert
movement in the rotational direction into movement in
the axial direction to be transmitted to the sleeve and
lock the meshing according to cooperation of the first
and the second cams, the locking releasable by rota-
tionally driving the cam ring; and

a cam actuator that rotationally drives the cam ring.

2. A meshing clutch mechanism, comprising:

a rotor being provided with a first meshing clutch and
being rotatably fitted and supported to a torque trans-
mission shaft being provided with a clutch hub, the first
meshing clutch having a tooth face to transmit positive
torque and a tooth face to transmit negative torque, the
tooth face to transmit negative torque angled to release
meshing according to the negative torque;

a sleeve being provided with a second meshing clutch to
mesh with the first meshing clutch, being urged so as to
release the meshing, and engaging with the clutch hub
in a rotational direction and being supported by the
clutch hub movably in an axial direction;

a retaining member urging the sleeve to keep a releasing
position between the first and the second meshing
clutches;

a cam member being rotatably fitted to the clutch hub and
being supported by the clutch hub movably in the axial
direction, being provided with a first cam for the
meshing, being arranged adjacent to the sleeve so as to
be rotatable relatively to the sleeve and transmit axial
force to the sleeve, and un-rotatably engaging with a
case;

a cam ring being provided with a second cam engaging
with the first cam, being arranged to face the cam
member, being supported rotatably relatively to the
clutch hub, and being prevented from separating move-
ment relative to the cam member in the axial direction,
to convert movement in the rotational direction into
movement in the axial direction to be transmitted to the
cam member and lock the meshing according to coop-
eration of the first and the second cams, the locking
releasable by rotationally driving the cam ring; and

a cam actuator that rotationally drives the cam ring.

3. Two-step transmission using the meshing clutch

mechanism according to claim 1, comprising:

a sun gear that receives rotation input;

an internal gear meshing with the sun gear through a
planet pinion and forming the rotor;

a planet carrier being supported rotatably relatively to the
internal gear, rotatably supporting the planet pinion,
and being provided with a drive pinion for output;

a fiction clutch mechanism interposed between the inter-
nal gear and the planet carrier to adjust connection
between the internal gear and the planet carrier accord-
ing to fastening; and
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a clutch actuator that adjusts frictional torque of the
connection according to fastening control of the friction
clutch mechanism.

4. A two-step transmission using the meshing clutch

mechanism according to claim 1, comprising:

a sun gear that receives rotation input through a sun gear
shaft;

a third sun gear shaft being rotatably supported to the sun
gear shaft and being provided with a third sun gear and
a drive pinion for output;

a planet pinion being integrally provided with a first gear
meshing with the sun gear and a second gear meshing
with the third sun gear;

a planet carrier rotatably supporting the planet pinion to
form the rotor;

a fiction clutch mechanism interposed between the third
sun gear shaft and the planet carrier to adjust connec-
tion between the third sun gear shaft and the planet
carrier according to fastening; and

a clutch actuator that adjusts frictional torque of the
connection according to the fastening of the friction
clutch mechanism.

5. The two-speed transmission according to claim 3,

wherein

the rotation input to the sun gear is performed through a
drive gear and a driven gear from a motor.

6. The two-speed transmission according to claim 3,

further comprising:

a pressing force adjustment means between the clutch
actuator and the friction clutch mechanism to conduct
the fastening, wherein

the pressing force adjustment means comprises:

a first differential gear and a second differential gear
being supported rotatably relatively to each other and
being different from each other in number of teeth;

a torque cam that converts relative rotation between the
first differential gear and the second differential gear
into axial thrust;

a clutch pinion meshing with the first differential gear
and the second differential gear and receiving rota-
tion input from the clutch actuator; and

a pressing member that receives the axial thrust con-
verted by the torque cam to conduct the fastening.

7. The two-speed transmission according to claim 3,

further comprising:

a pressing force adjustment means between the clutch
actuator and the friction clutch mechanism to conduct
the fastening, wherein

the pressing force adjustment means comprises:

a first differential gear and a second differential gear
being supported rotatably relatively to each other and
being different from each other in number of teeth;

a torque cam that converts relative rotation between the
first differential gear and the second differential gear
into axial thrust;

a clutch pinion meshing with the first differential gear
and the second differential gear and receiving rota-
tion input from the clutch actuator;

an elastic body generating pressing force for the fas-
tening; and

a pressing force adjustment member that receives the
pressing force of the elastic body to conduct the
fastening and receives the axial thrust converted by
the torque cam to reduce the pressing force of the
elastic body.

8. A two-speed transmission using the meshing clutch

mechanism according to claim 2, comprising:
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an input shaft being provided with a low-speed drive gear
and a high-speed drive gear and being configured to
receive rotation input;

an output shaft being provided with a low speed driven
gear meshing with the low-speed drive gear, a high-
speed driven gear meshing with the high-speed drive
gear, and a drive pinion for output;

the input shaft or the output shaft forming the torque
transmission shaft;

in a case of the input shaft forming the torque transmis-
sion shaft, the low-speed drive gear forming the rotor
and the low-speed driven gear being fixed to the output
shaft;

in a case of the output shaft forming the torque transmis-
sion shaft, the low-speed driven gear being the rotor
and the low-speed drive gear being fixed to the input
shaft;

a friction clutch mechanism that adjusts connection
between the input shaft and the high-speed drive gear
provided rotatably on the input shaft or that adjusts
connection between the output shaft and the high-speed
driven gear provided rotatably on the output shaft; and

a clutch actuator that adjusts frictional torque of the
connection according to fastening control of the friction
clutch mechanism.

9. The two-speed transmission according to claim 8,

further comprising:
a pressing force adjustment means between the clutch
actuator and the friction clutch mechanism to conduct
the fastening, wherein
the pressing force adjustment means comprises:
an elastic body that generates pressing force for the
fastening; and

a pressing force adjustment member connected to the
clutch actuator and configured to receive the pressing
force of the elastic body to conduct the fastening,
wherein

the clutch actuator drives the pressing force adjustment
member to adjust the pressing force of the elastic body.

10. A two-step transmission using the meshing clutch

mechanism according to claim 1, comprising:

a sun gear that receives rotation input;

an internal gear meshing with the sun gear through a
planet pinion and forming the rotor;

a planet carrier supported rotatably relatively to the inter-
nal gear and rotatably supporting the planet pinion;

a fiction clutch mechanism interposed between the inter-
nal gear and the planet carrier to adjust connection
between the internal gear and the planet carrier accord-
ing to fastening;

a clutch actuator that adjusts frictional torque of the
connection according to fastening control of the friction
clutch mechanism; and

an output shaft connected to the planet carrier and
arranged so as to be protruded outside.

11. A two-step transmission using the meshing clutch

mechanism according to claim 1, comprising:

a sun gear that receives rotation input;

a third sun gear being provided with an output shaft
arranged so as to be protruded outside;

a planet pinion being integrally provided with a first gear
meshing with the sun gear and a second gear meshing
with the third sun gear;

a planet carrier rotatably supporting the planet pinion and
forming the rotor;
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a fiction clutch mechanism interposed between the sun
gear and the planet carrier to adjust connection between
the sun gear and the planet carrier according to fasten-
ing; and

a clutch actuator that adjusts frictional torque of the 5
connection according to the fastening of the friction
clutch mechanism.

12. The two-speed transmission according to claim 3,

further comprising:

a sensor that detects a slip of the friction clutch mecha- 10
nism; and

a controller that controls the clutch actuator according to
the detected slip.
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