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(54) FRICTION CLUTCH

(57) Provided is a friction clutch which is compact
and has a large transmission torque capacity, with which
a shock during engagement is small, and with which a
drag torque is not readily generated. In a friction clutch
10, if a piston 32 is activated with a low hydraulic pres-
sure, a pusher plate 16, a friction plate 26, and a driven
plate 18 are caused to frictionally engage, and an elastic
body 20 is compressed, and therefore shock during en-
gagement is small. If the piston 32 is activated with a high
hydraulic pressure, an input cone 15 and an output cone
24 frictionally engage, and therefore the transmission
torque capacity can be increased, and the number of
friction plates 26 and driven plates 18 can be reduced,
thereby making the friction clutch compact. When the
hydraulic pressure is released, the elastic body 20 that
was compressed acts to separate the input cone 15 and
the output cone 24, and therefore the input cone 15 and
the output cone 24 can be prevented from becoming
stuck, and the generation of drag torque can be sup-
pressed.
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Description

[FIELD OF THE INVENTION]

[0001] The present invention relates to a friction clutch
used such as for an automatic transmission.

[BACKGROUND ART]

[0002] Some friction clutches for transmitting torque
between a clutch drum and a hub, which are disposed
on the same axis to be relatively rotatable to each other,
frictionally engage a plate mounted to either the clutch
drum or the hub and a friction plate mounted to the other.
To increase the capacity of torque to be transmitted fur-
ther in this type of friction clutch, it has been proposed
to increase the hydraulic pressure for operating the piston
to improve the close contact made between the plate and
the friction plate, increase the area pressed by the piston,
or increase the number of plates and friction plates.
[0003] The friction clutch is, however, also required to
be downsized. Therefore, the improvement with increas-
ing the size of the friction clutch as mentioned above is
not desired. That is, a friction clutch which not only is
compact and has a larger transmission torque capacity,
but also is capable of inhibiting a drag torque is required.
The following is an example of the friction clutches which
have attempted to solve the above problems.

[Prior Art Document]

[Patent document]

[0004] [Patent Document 1] Japanese Unexamined
Patent Publication No. 2017-20654
[0005] Patent Document 1 discloses a shifting device
for a motor vehicle transmission combining a friction
clutch, in which a plate and a friction plate frictionally
engage, with a cone clutch and a dog clutch. According
to the shifting device disclosed in the document 1, a pis-
ton operates to frictionally engage conical surfaces of the
cone clutch with each other, and to engage teeth of the
dog clutch with each other. And then, the plate and the
friction plate are brought into close contact with each oth-
er by the piston. With this configuration, the transmission
torque capacity can be larger, and the drag torque can
be inhibited.
[0006] The friction clutch is also, however, required to
have a desirable response to the event of the clutch and
torque transmission interlocking under hydraulic control;
such as reducing the shock. In this regard, in the friction
clutch of Patent Document 1, the shock may occur since
the torque is suddenly transmitted during frictional en-
gagement of the cone clutch. In addition, drag torque
may occur when the hydraulic pressure is released since
the cone clutch, which should release from the friction
engagement, can become stuck so that the friction en-
gagement state continues when it is intended to be re-

leased from said engagement.

[SUMMARY OF INVENTION]

[Problems to be Solved by Invention]

[0007] In view of the above-mentioned problems of the
prior art, the present invention provides a friction clutch
which is compact, has a larger transmission torque ca-
pacity, reduces shock in engaging the clutch, and inhibits
a drag torque from occurring.

[Means for Solving the Problems]

[0008] The present invention has solved the above-
mentioned problems by a friction clutch comprising;
a cylindrical clutch drum which is rotatably provided with
an inner peripheral surface spline;
a hub which is coaxial with the clutch drum and is provided
on an inner peripheral side of the clutch drum so as to
be relatively rotatable;
a pusher plate and a driven plate which are fitted into the
inner peripheral surface spline respectively;
an input cone which is provided on the clutch drum; an
elastic body which is located between the driven plate
and the input cone;
a piston which is provided on an inner peripheral side of
the clutch drum to move forward and backward in an axial
direction and to press the pusher plate toward the driven
plate;
an output cone which is connected to the hub; and a
friction plate which is assembled with the output cone
and disposed between the pusher plate and the driven
plate; wherein the pusher plate, the driven plate and the
input cone are arranged in said order in the axial direction;
wherein the pusher plate, the friction plate and the driven
plate are frictionally engaged with each other and the
elastic body is compressed when the piston moves to-
ward the pusher plate to press the pusher plate;
wherein the input cone and the output cone are frictionally
engaged with each other when the piston moves further
toward the pusher plate such that the output cone moves
toward the input cone.

[The effect of invention]

[0009] According to the present invention, a piston op-
erates at a comparatively low hydraulic pressure to press
a pusher plate to frictionally engage the pusher plate, a
friction plate and a driven plate with each other which
compresses an elastic body. An initial shock in frictionally
engaging the pusher plate, the friction plate, and the driv-
en plate can be reduced due to the elastic body being
compressed. Furthermore, the piston operates at a com-
paratively high hydraulic pressure to further compress
the elastic body so that an output cone moves toward an
input cone to frictionally engage an input cone and an
output cone with each other. In this way, it is possible to
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increase the transmission torque capacity by transmitting
torque through the cone clutch composed of the input
cone and the output cone. Therefore, the number of fric-
tion plates and driven plates can be reduced, and the
piston can be downsized. Accordingly, the friction clutch
can be made compact. Furthermore, since the hydraulic
pressure of the hydraulic oil required to operate the piston
can be set to be lower than that of the known friction
clutches, fuel consumption is improved. Additionally,
when the hydraulic pressure is released, the compressed
elastic body operates to push the input cone and the out-
put cone in a direction for separating from each other so
that the cone clutch becomes less likely to be stuck.
Therefore, the drag torque can be reduced.
[0010] In addition, when the friction clutch further com-
prises a second input cone which is fitted into an inner
peripheral surface spline, one conical surface of which
frictionally engages with the opposite surface to the sur-
face of the output cone with which the input cone friction-
ally engages, the torque can be transmitted through two
frictional engagements with the conical surfaces to in-
crease the transmission torque capacity of the friction
clutch further.
[0011] Furthermore, the hub can include a flexible por-
tion which elastically deforms by being pressed by the
output cone when the output cone moves toward the input
cone. In this case, when the hydraulic pressure is re-
leased, the elastically deformed deflective portion oper-
ates to push back the output cone away from the input
cone, so that the cone clutch becomes much less likely
to be stuck.
[0012] Furthermore, the friction clutch can include a
third input cone, one surface of which frictionally engages
with the opposite surface to the surface of the output
cone with which the input cone frictionally engages, the
hub can interlock with the output cone and can be con-
nected with a second output cone, one surface of which
frictionally engages with the opposite surface to the sur-
face of the third input cone with which the output cone
frictionally engages. With this configuration, the torque
can be transmitted utilizing three frictional engagements
with the conical surfaces to further increase the trans-
mission torque capacity.
[0013] Furthermore, the hub can include a flexible por-
tion which elastically deforms by being pressed by the
output cone when the second output cone moves toward
the input cone. With this configuration, when the hydrau-
lic pressure is released, the elastically deformed deflec-
tive portion operates to push back the output cone and
the second output cone away from the input cone and
the third input cone respectively, so that the cone clutch
becomes much less likely to be stuck.

[BRIEF DESCRIPTION OF DRAWINGS]

[0014]

FIG. 1 is a cross-sectional view taken along an axis

of an upper half of a friction clutch according to a first
embodiment of the present invention when the hy-
draulic pressure is released.
Fig. 2 is a cross-sectional view taken along the axis
of the upper half of the friction clutch of Fig. 1 with
being at a comparatively low hydraulic pressure.
FIG. 3 is a cross-sectional view taken along the axis
of the upper half of the friction clutch of FIG. 1 with
being at a comparatively high hydraulic pressure.
FIG. 4 is a cross-sectional view taken along an axis
of an upper half of a friction clutch according to a
second embodiment of the present invention when
the hydraulic pressure is released.
FIG. 5 is a cross-sectional view taken along an axis
of an upper half of a friction clutch according to a
third embodiment of the present invention when the
hydraulic pressure is released.

[DESCRIPTION OF EMBODIMENTS]

[0015] Some embodiments of the present invention will
be described with reference to Figs. 1 - 5. The present
invention is not however limited to these embodiments.
[0016] FIG. 1 shows a state of the friction clutch 10
according to the first embodiment of the present invention
when the hydraulic pressure is not applied. The friction
clutch 10 is rotatable and includes a cylindrical clutch
drum 12 having an inner peripheral surface spline 14 and
a hub 22. The hub 22 is provided on the inner peripheral
side of the clutch drum 12 so as to be coaxial with the
clutch drum 12 and relatively rotatable to the clutch drum
12. A drive shaft of the clutch drum 12 and the hub 22 is
not shown. Since the friction clutch 10 has a substantially
symmetrical structure with respect to the drive shaft,
FIGS. 1 to 5 show the upper half of the drive shaft.
[0017] A pusher plate 16 and a driven plate 18 are fitted
into the inner peripheral surface spline 14 of the clutch
drum 12. Furthermore, the clutch drum 12 is provided
with an input cone 15. The input cone 15 is disposed to
be fitted into the inner peripheral surface spline 14 and
retained by the snap ring S. The pusher plate 16, the
driven plate 18, and the input cone 15 rotate together
with the clutch drum 12, and the pusher plate 16, the
driven plate 18, and the input cone 15 are arranged in
said order in the axial direction.
[0018] An elastic body 20 is disposed between the driv-
en plate 18 and the input cone 15. The elastic body 20
is an annular wave spring, but any elastic body which
can be disposed between the driven plate 18 and the
input cone 15 may be used instead of the wave spring.
[0019] A piston 32 is provided on the inner peripheral
side of the clutch drum 12. The piston 32 is configured
to move toward the pusher plate 16 by the hydraulic pres-
sure which is generated by supplying the hydraulic oil
from an oil passage (not shown) to a hydraulic chamber
34 provided between the piston 32 and the clutch drum
12. A canceller 36 is provided on the side of the piston
32 facing towards the pusher plate 16. A return spring
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37 is provided between the piston 32 and the canceller
36. Therefore, when the piston 32 moves toward the
pusher plate 16 by the hydraulic pressure, the return
spring 37 is compressed. When the hydraulic pressure
is released, the return spring 37 pushes the piston 32
back. Thus, the piston 32 is provided so as to be movable
forward and backward in the axial direction. Alternatively,
a space between the piston 32 and the canceller 36 may
be used as a hydraulic canceller chamber 38 so that the
hydraulic oil is supplied to the hydraulic canceller cham-
ber 38 to push the piston 32 back.
[0020] An output cone 24 is connected to the hub 22.
The output cone 24 is assembled with a friction plate 26
disposed between the pusher plate 16 and the driven
plate 18. The output cone 24 and the friction plate 26 can
be integrated. The output cone 24 is also axially movable
with respect to the hub 22. A friction material can be at-
tached to either one of the conical surfaces of the input
cone 15 or the output cone 24 which are frictionally en-
gaged with each other. The same applies to a second
input cone 42, a third input cone 44b, and a second output
cone 46b, which will be described below.
[0021] The operation of the friction clutch 10 will be
described below. As shown in FIG. 2, when the hydraulic
oil is supplied to the hydraulic chamber 34, the piston 32
moves toward the pusher plate 16 to press the pusher
plate 16 toward the driven plate 18 through the second
input cone 42. At this time, the return spring 37 provided
between the piston 32 and the canceller 26 also begins
to be compressed. The second input cone 42 will be de-
scribed in detail below.
[0022] When the piston 32 operates at a comparatively
low hydraulic pressure, the piston 32 presses the pusher
plate 16 to frictionally engage the pusher plate 16, the
friction plate 26, and the driven plate 18 and to compress
the elastic body 20. Accordingly, in the friction clutch 10,
a torque of the clutch drum 12 is transmitted to the hub
22 through a disc clutch including the pusher plate 16,
the friction plate 26, and the driven plate 18 by operation
of the piston 32. When the pusher plate 16, the friction
plate 26, and the driven plate 18 are frictionally engaged
with each other, the elastic body 20 is compressed so
that an initial shock in frictionally engaging the pusher
plate 16, the friction plate 26, and the driven plate 18 is
reduced.
[0023] As shown in FIG. 3, when a comparatively low
hydraulic pressure state is shifted to a comparatively high
hydraulic pressure state, the piston 32 further presses
the pusher plate 16. Then, the elastic body 20 is further
compressed and the output cone 24 moves toward the
input cone 15. Furthermore, the input cone 15 and the
output cone 24 are frictionally engaged to transmit the
torque through the cone clutch including the input cone
15 and the output cone 24. With this configuration, since
the capacity of the transmission torque of the friction
clutch 10 can be increased, the number of the friction
plates 26 and the driven plates 18 can be reduced to
allow the piston 32 to be downsized. In the present em-

bodiment, there is one friction plate 26 and one driven
plate 18. Therefore, the friction clutch 10 can be made
relatively compact. In addition, since the hydraulic pres-
sure of the hydraulic oil required for the operation of the
piston 32 can be set comparatively low, fuel consumption
is improved. The number of friction plates 26 and driven
plates 18 can also be increased for the purpose of im-
proving heat resistance.
[0024] Furthermore, the friction clutch 10 includes a
second input cone 42, which fits into the inner peripheral
surface spline 14 of the clutch drum 12, between the
pusher plate 16 and the piston 32. When the piston 32
operates at a comparatively high hydraulic pressure, it
is configured that the second input cone 42 engages with
the opposite surface to the surface of the output cone 24
with which the input cone 15 frictionally engages. Accord-
ing to the clutch 10, the torque can be transmitted through
two frictional engagements with the conical surfaces of
the input cone 15 and the output cone 24 and the conical
surfaces of the second input cone 42 and the output cone
24 to increase the transmission torque capacity further.
The second input cone 42 may be formed integrally with
the pusher plate 16.
[0025] When the hydraulic pressure is released from
the state shown in FIG. 3, the piston 32 is pushed back
by the compressed return spring 37. Similarly, the com-
pressed elastic body 20 operates so as to push the input
cone 15, the driven plate 18, the friction plate 26, and the
output cone 24 in the direction for separating from each
other. Furthermore, the pusher plate 16 and the output
cone 24 are pushed back toward the piston 32. As a
result, the frictional engagement between the cone clutch
and the disc clutch is released. Accordingly, in the friction
clutch 10, the elastic body 20 pushes the input cone 15
and the output cone 24 in the direction for separating
from each other so that the cone clutch becomes much
less likely to be stuck and good responsiveness can be
achieved.
[0026] Furthermore, the hub 22 of the friction clutch 10
can be configured to include a flexible portion 28. The
flexible portion 28 is configured to be elastically deformed
by being pressed by the output cone 24 when the output
cone 24 moves in the direction for frictional engagement
with the input cone 15. According to this configuration,
when the hydraulic pressure is released, the flexible por-
tion 28 operates to push back the output cone 24 in the
direction for separating from the input cone 15 so that
the cone clutch becomes much less likely to be stuck.
[0027] FIG. 4 shows a friction clutch 10a according to
a second embodiment of the present invention, which
has a cone clutch that transmits the torque through one
frictional engagement with conical surfaces. The friction
clutch 10a basically has the same configuration as the
friction clutch 10. The friction clutch 10a, however, does
not include the second output cone 42 (see FIG. 1) which
is different to the friction clutch 10. According to the
present invention, such a simple configuration can be
also realized.
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[0028] FIG. 5 shows a friction clutch 10b according to
a third embodiment of the present invention, which has
a cone clutch that transmits torque through three frictional
engagements with conical surfaces. The friction clutch
10b basically has the same configuration as the friction
clutch 10, but there are some different features as follows.
[0029] The friction clutch 10b includes a third input
cone 44b. Third input cone 44b frictionally engages with
the opposite surface to the surface of the output cone
24b with which the input cone 15b frictionally engages.
The hub 22b interlocks with the output cone 24b and is
connected with a second output cone 46b. The second
output cone 46b frictionally engages with the opposite
surface to the surface of the third input cone 44b with
which the output cone 24b frictionally engages. In the
friction clutch 10b, the second output cone 46b and the
friction plate 26b are integrated, and the output cone 24b
is assembled to the second output cone 46b. As a result,
the output cone 24b is connected to the hub 22b.
[0030] According to the friction clutch 10b, when the
piston 32b operates at a comparatively high hydraulic
pressure, the torque can be transmitted through the three
frictional engagements with the conical surfaces of the
input cone 15b and the output cone 24b, the conical sur-
faces of the output cone 24b and the third input cone
44b, and the conical surfaces of the third input cone 44b
and the second output cone 46b to increase the trans-
mission torque capacity further.
[0031] In the case of the friction clutch 10b, the hub
22b can include a flexible portion 28b which is elastically
deformed by being pressed by the second output cone
46b when the second output cone 46b moves toward the
input cone 15b. The operation of the flexible portion 28b
is the same as that of the flexible portion 28 of the friction
clutch 10. Thus, the description thereof is omitted.
[0032] In the friction clutches 10 - 10b described above,
the friction material segment is attached to the surfaces
of the friction plates 26 - 26b facing the pusher plates 16
- 16b and the driven plates 18 - 18b. Alternatively, a fric-
tion material segment can be attached to the surfaces of
the pusher plates 16 - 16b and the driven plates 18 - 18b
facing the friction plates 26 - 26b respectively.
[0033] As described above, according to the present
invention, it is possible to provide a friction clutch which
is compact, has a larger transmission torque capacity,
reduces shock when engaging the clutch, and inhibits a
drag torque from occurring.

[EXPLANATION OF REFERENCES]

[0034]

10-10b clutch
12-12b clutch drum
14 inner peripheral surface spline
15 ∼ 15b input cone
16 ∼ 16b pusher plate
18-18b driven plate

20 ∼ 20b elastic body
22-22b hub
24-24b output cone
26-26b friction plate
28, 28b flexible portion
32-32b piston
42 second input cone
44 third input cone
46b second output cone

Claims

1. A friction clutch (10) comprising;
a cylindrical clutch drum (12) which is rotatably pro-
vided with an inner peripheral surface spline (14);
a hub (22) which is coaxial with the clutch drum (12,
12a, 12b) and is provided on an inner peripheral side
of the clutch drum (12) so as to be relatively rotatable;
a pusher plate (16) and a driven plate (18) which are
fitted into the inner peripheral surface spline (14) re-
spectively;
an input cone (15) which is provided on the clutch
drum (12);
an elastic body (20) which is located between the
driven plate (18) and the input cone (15);
a piston (32) which is provided on an inner peripheral
side of the clutch drum (12) to move forward and
backward in an axial direction and to press the push-
er plate (16) toward the driven plate (18);
an output cone (24) which is connected to the hub
(22); and
a friction plate (26) which is assembled with the out-
put cone (24) and disposed between the pusher plate
(16) and the driven plate (18);
characterized in that the pusher plate (16), the driv-
en plate (18) and the input cone (15) are arranged
in said order in the axial direction;
the pusher plate(16), the friction plate (26) and the
driven plate (18) are frictionally engaged with each
other and the elastic body (20) is compressed when
the piston (32) moves toward the pusher plate (16)
to press the pusher plate (16); and
the input cone (15) and the output cone (24) are fric-
tionally engaged with each other when the piston
(32) moves further toward the pusher plate (16) such
that the output cone (24) moves toward the input
cone (15).

2. The friction clutch (10) of claim 1, further comprising
a second input cone (42) which is fitted into the inner
peripheral surface spline (14) and frictionally engag-
es with an opposite surface to a surface of the output
cone (24) with which the input cone (15) frictionally
engages.

3. The friction clutch (10) of claim 1 or 2, wherein the
hub (22) includes a flexible portion (28) that is elas-
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tically deformed by being pressed by the output cone
(24) when the output cone (24) moves toward the
input cone (15) .

4. The friction clutch (10b) of claim 1, wherein the input
cone (15b) includes a third input cone (44b) which
frictionally engages with an opposite surface to a sur-
face of the output cone (24b) with which the input
cone (15b) frictionally engages;
wherein the hub (22b) interlocks with the output cone
(24b) and is connected with a second output cone
(46b) which frictionally engages with an opposite sur-
face to the surface of the third input cone (44b) with
which the output cone (24b) frictionally engages.

5. The friction clutch (10b) of claim 1 or 2, wherein the
hub (22b) includes a flexible portion (28b) which is
elastically deformed by being pressed by the second
output cone (46b) when the second output cone
(46b) moves toward the input cone (15b).
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