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(54) MULTIPLE FREE DISC-TYPE CLUTCH

(57) The invention includes at least two free disks
arranged between a drive-torque transmission disk and
an output-torque receiving disk, each of the at least two
free disks being freely rotatable. When a torque is to be
transmitted, mutual gaps between the drive-torque trans-
mission disk, the at least two free disks and the output-
torque receiving disk are narrowed, so that the input
torque of the driving unit is transmitted from the drive-

torque transmission disk to one free disk adjacent to the
drive-torque transmission disk by friction, the torque
transmitted to the one free disk is transmitted to another
free disk adjacent to the one free disk by friction, and the
torque transmitted to the or another free disk on the most
output-shaft side is transmitted to the output-torque re-
ceiving disk by friction.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a clutch that
achieves a smooth transition from a torque shut-off status
to a torque transmission status when a mobile device
starts, in particular when an automobile starts.

BACKGROUND ART

[0002] Various types of clutches, which achieve a
smooth transition from a torque shut-off status to a torque
transmission status, have been already put to practical
use.
[0003] If these clutches can have a brake function as
well, a space required for components can be saved,
which is preferable. However, there is no development
example for a clutch having a brake function as well.
[0004] The abstract of patent document 1 (JP
2009-56883 A1) discloses that a transmission for a work-
ing vehicle having side clutches also serving as brakes
is provided. However, when the structure of the trans-
mission is studied in detail, a clutch body for the clutch
function and a multi-disk brake for the brake function are
completely separate structures.

SUMMARY OF THE INVENTION

[0005] The present invention was accomplished in light
of the above problems in the conventional art. An object
of the invention is therefore to provide a clutch having a
brake function as well.
[0006] The present invention is a multi-free-disk type
of clutch comprising: a driving unit configured to rotate
in accordance with an input torque, the driving unit having
a drive-torque transmission disk; an output shaft to which
a torque is to be transmitted, the output shaft having an
output-torque receiving disk; and at least two free disks
arranged between the drive-torque transmission disk and
the output-torque receiving disk, each of the at least two
free disks being freely rotatable; wherein when the torque
is to be transmitted, mutual gaps between the drive-
torque transmission disk, the at least two free disks and
the output-torque receiving disk are narrowed, so that
the input torque of the driving unit is transmitted from the
drive-torque transmission disk to one free disk adjacent
to the drive-torque transmission disk by friction, the
torque transmitted to the one free disk is transmitted to
another free disk adjacent to the one free disk by friction,
and the torque transmitted to the or another free disk on
the most output-shaft side is transmitted to the output-
torque receiving disk by friction; and when the torque is
to be shut off, the mutual gaps between the drive-torque
transmission disk, the at least two free disks and the out-
put-torque receiving disk are broadened, so that torque
transmission channel is shut off.
[0007] According to the present invention, a clutch that

achieves a smooth transition from a torque shut-off status
to a torque transmission status can be provided. The de-
gree of the smoothness is as if a smooth gear change is
carried out from a low gear to a high gear. In this sense,
it can be said that a transmission function is achieved as
well. In addition, after the torque shut-off status has been
achieved, if the driving unit is decelerated or stopped in
advance and the torque transmission status is achieved
again so that the thus stopped torque is transmitted, a
suitable brake function for the output shaft can be
achieved as well.
[0008] Herein, if only such a brake function is achieved,
there is no need to particularly consider friction surfaces
regarding the at least two free disks. That is to say, it may
be allowed that the size of each friction surface (each
torque transmission surface) is the same. However, as
a result of the careful study by the inventor, it has been
found that the size of each friction surface should be par-
ticularly considered in view of durability of the at least
two free disks, in order to achieve the clutch function.
[0009] The inventor thinks that the reason is as follows.
When the clutch functions as a brake, each friction sur-
face (each torque transmission surface) changes from a
high-speed status to a low-speed status or a stopped
status. On the other hand, when the clutch functions as
a clutch, each friction surface (each torque transmission
surface) changes from a stopped status to a high-speed
status.
[0010] According to the inventor’s careful study, even
if the same material is used, the coefficient of friction is
larger when the rotational speed is lower. For example,
when the coefficient of friction is represented as 1 when
the rotational speed is 50 km/h, the coefficient of friction
is 1.025 when the rotational speed is 25 km/h and the
coefficient of friction is 1.05 when the rotational speed is
12.5 km/h.
[0011] The frictional force acted on the friction surface
is proportional to a product of the coefficient of friction
and a contact pressure. The contact pressure is inversely
proportional to an area of the friction surface. Thus, in
order to equalize the frictional force acted on the friction
surface on one side of a free disk and that on the other
side thereof, it is desirable to determine an area of each
friction surface taking into consideration the difference
of the coefficients of friction.
[0012] When the clutch functions as a clutch at a start-
ing process, the rotational speed of the driving unit is
larger than the rotational speed of the output shaft. Thus,
it is thought that the coefficient of friction on the driving-
unit side is smaller than that on the output-shaft side.
Thus, it should be taken into consideration as an impor-
tant point that an area of the friction surface on the driving-
unit side is set smaller than an area of the friction surface
on the output-shaft side.
[0013] Specifically, it is preferable that an area of a
friction surface between the drive-torque transmission
disk and the one free disk adjacent to the drive-torque
transmission disk is smaller than an area of a friction

1 2 



EP 2 778 456 A1

3

5

10

15

20

25

30

35

40

45

50

55

surface between the one free disk adjacent to the drive-
torque transmission disk and the another free disk adja-
cent to the one free disk. In addition, based on the same
reason, it is preferable that an area of a friction surface
between the output-torque receiving disk and the free
disk adjacent to the output-torque receiving disk is larger
than an area of a friction surface between the free disk
adjacent to the output-torque receiving disk and another
free disk adjacent to the free disk.
[0014] In a concrete embodiment, if the at least two
free disks are two free disks, it is preferable that an area
of a friction surface between the one free disk adjacent
to the drive-torque transmission disk and the free disk
adjacent to the output-torque receiving disk is larger than
an area of a friction surface between the drive-torque
transmission disk and the one free disk adjacent to the
drive-torque transmission disk, and smaller than an area
of a friction surface between the output-torque receiving
disk and the free disk adjacent to the output-torque re-
ceiving disk.
[0015] In addition, in the present invention, it is prefer-
able that the drive-torque transmission disk is arranged
in a movable manner in an axial direction thereof with
respect to the output-torque receiving disk. In this case,
for example, it is preferable that the drive-torque trans-
mission disk is configured to move toward the output-
torque receiving disk by means of an action of an axial-
pressure centrifugal weight that moves radially outward
when the driving unit rotates. In this case, since the axial-
pressure centrifugal weight automatically moves the
drive-torque transmission disk in the axial direction there-
of when the driving unit rotates, an engagement of the
clutch can be automatically actuated.
[0016] In addition, in this case, it is further preferable
that the drive-torque transmission disk is biased by a
spring in such a manner that the drive-torque transmis-
sion disk moves away from the output-torque receiving
disk when the axial-pressure centrifugal weight returns
radially inward when the driving unit is decelerated or
stopped. In this case, since the action of the axial-pres-
sure centrifugal weight is automatically removed when
the driving unit is decelerated or stopped, a release of
the clutch can be automatically actuated.
[0017] In general, on the driving unit, a braking unit for
the driving-unit is provided for decelerating or stopping
the driving unit. For example, any publicly known band
brake may be adopted.
[0018] In addition, in the present invention, it is prefer-
able that a braking-activating unit configured to move the
drive-torque transmission disk toward the output-torque
receiving disk, when the driving unit is to be decelerated
or stopped, is provided. According to this structure, after
the driving unit has been decelerated or stopped in ad-
vance, the torque transmission status can be achieved
again so that the thus stopped torque is transmitted.
Thus, a suitable brake function for the output shaft can
be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a schematic longitudinal section view show-
ing a multi-free-disk type of clutch according to an
embodiment of the present invention;
Fig. 2 is a schematic longitudinal section view show-
ing a multi-free-disk type of clutch according to an-
other embodiment of the present invention; and
Fig. 3 is a schematic longitudinal section view show-
ing a part of a multi-free-disk type of clutch according
to further another embodiment of the present inven-
tion.

EMBODIMENT OF THE INVENTION

[0020] With reference to the attached drawings, em-
bodiments of the present invention are explained in detail
hereinbelow.
[0021] Fig. 1 is a schematic longitudinal section view
showing a multi-free-disk type of clutch according to an
embodiment of the present invention. The multi-free-disk
type of clutch according to this embodiment 100 is a
clutch for connecting and disconnecting a power trans-
mission between a driving unit 10 that rotates in accord-
ance with an input torque and an output shaft 31 to which
a torque is to be transmitted.
[0022] A structure including the multi-free-disk type of
clutch according to this embodiment 100 is herein an
automobile. That is, an internal combustion engine or an
electrical motor gives an input torque to the driving unit
10, and the output shaft 31 is connected to a wheel sus-
pension shaft. In this embodiment, as shown in Fig. 1,
the driving shaft 11 (torque input shaft) of the driving unit
10 and the output shaft 31 are concentric with each other.
[0023] On the driving shaft 11, there is provided a cen-
trifugal weight 12, which moves radially outward by a
centrifugal force when the driving unit 11 rotates. The
centrifugal weight 12 is configured to joint on a driving-
unit frame 13 when the centrifugal weight 12 moves ra-
dially outward. Thus, when the driving unit 11 rotates,
the driving-unit frame 13 is configured to rotate together
with the driving shaft 11.
[0024] On the driving-unit frame 13, there is provided
an axial-pressure centrifugal weight 14, which moves ra-
dially outward by a centrifugal force when the driving-unit
frame 13 rotates. The axial-pressure centrifugal weight
14 has a tapered surface 14t. When the axial-pressure
centrifugal weight 14 moves radially outward, the tapered
surface 14t is configured to come in contact with a cor-
responding tapered surface 15t of a drive-torque trans-
mission disk 15 and to push the same toward the output
shaft 31 in an axial direction.
[0025] The drive-torque transmission disk 15 is ar-
ranged in the driving-unit frame 13 in a slidable manner
in an axial direction thereof. The drive-torque transmis-
sion disk 15 is configured to rotate together with the driv-
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ing-unit frame 13 regarding a circumferential direction
thereof.
[0026] On the other hand, an output-torque receiving
disk 35 is integrally provided on the output shaft 31. There
are provided two free disks 21, 22 between the drive-
torque transmission disk 15 and the output-torque receiv-
ing disk 35, each of the two free disks 21, 22 being inde-
pendently supported by bearings in a freely rotatable
manner.
[0027] When the torque is to be transmitted (when the
clutch is engaged), mutual gaps between the drive-
torque transmission disk 15, the two free disks 21, 22
and the output-torque receiving disk 35 are narrowed, so
that the input torque of the driving unit 10 is transmitted
from the drive-torque transmission disk 15 to the first free
disk 21 by friction, the torque transmitted to the first free
disk 21 is transmitted to the second free disk 22 by friction,
and the torque transmitted to the second free disk 22 is
transmitted to the output-torque receiving disk 35 by fric-
tion.
[0028] More specifically, a drive-side friction body 15f
integrally provided on the drive-torque transmission disk
15 frictionally engages with the first free disk 21 so that
the torque transmission is carried out therebetween, a
first friction body 21f integrally provided on the first free
disk 21 frictionally engages with the second free disk 22
so that the torque transmission is carried out therebe-
tween, and a second friction body 22f integrally provided
on the second free disk 22 frictionally engages with the
output-side friction body 35f integrally provided on the
output-torque receiving disk 35 so that the torque trans-
mission is carried out therebetween. The respective con-
tact pressures and so on are explained hereinbelow. In
this embodiment, the respective friction bodies 15f, 21f,
22f, 35f are made of a material selected from a sintered
alloy, ceramics, synthetic resin, special synthetic resin,
and so on, which are common as a material for a disk
brake. The respective disks 15, 21, 22, 35 themselves
are made of a metal (ACUTO-440 made by Aichi Steel
Corporation is suitable).
[0029] On the other hand, when the torque is to be shut
off (when the clutch is released), in this embodiment, the
mutual gap between the drive-torque transmission disk
15 and the first free disk 21 is broadened to about 1 mm,
so that these disks are surely separated apart, thereby
the torque transmission channel is shut off. Specifically,
the drive-torque transmission disk 15 is biased by springs
41 in such a manner that the drive-torque transmission
disk 15 moves away from the first free disk 21 when the
axial-pressure centrifugal weight 14 returns radially in-
ward (the axial-pressure centrifugal weight 14 releases
the joining action) when the driving-unit frame 13 is de-
celerated or stopped.
[0030] In addition, a band brake 51 for braking the ro-
tation of the driving-unit frame 13 is provided on an inside
wall of a housing 50, which is provided outside the driving-
unit frame 13. In this embodiment, when the driving-unit
frame 13 is decelerated or stopped by the band brake

51, the drive-torque transmission disk 15 is also decel-
erated or stopped. In order to brake the free disks 21, 22
and the output-torque receiving disk 35 (and the output
shaft 31) by means of the thus decelerated or stopped
drive-torque transmission disk 15, there is provided a
braking-activating unit configured to move the drive-
torque transmission disk 15 toward the first free disk 21.
[0031] In the braking-activating unit of this embodi-
ment, when a brake lever 43 is pressed inward (leftward
in Fig. 1), brake rods 44 (six brake rods are arranged at
regular intervals in a circumferential direction) move out-
ward (rightward in Fig. 1), and thus left-end large-diam-
eter portions of the brake rods 44 move together with the
drive-torque transmission disk 15 toward the first free
disk 21. When the torque transmission status between
the drive-torque transmission disk 15 and the first free
disk 21 is achieved again, the low or stopped torque sta-
tus of the drive-torque transmission disk 15 acts for
breaking the first free disk 21 and so on. When the inward
press of the brake lever 43 is stopped, the brake rods 44
are configured to return to their original positions by a
biasing force of the springs 41. The movable distance
(braking force) of the brake rods 44 can be adjusted by
means of adjustment nuts 45.
[0032] Next, the contact pressures and the braking
forces acted on the drive-side friction body 15f, the first
friction body 21f, the second friction body 22f and the
output-side friction body 35f are explained in detail. Re-
garding these friction bodies, if only a break function is
focused, these friction bodies may be made of the same
material and formed into the same size. However, as a
result of the careful study by the inventor, it has been
found that the size of each friction surface should be par-
ticularly considered in view of durability of the respective
friction bodies 15f, 21f, 22f, 35f and the respective free
disks 21, 22, in order to achieve the clutch function.
[0033] The inventor thinks that the reason is as follows.
When the clutch functions as a brake, each friction sur-
face (each torque transmission surface) changes from a
high-speed status to a low-speed status or a stopped
status. On the other hand, when the clutch functions as
a clutch, each friction surface (each torque transmission
surface) changes from a stopped status to a high-speed
status.
[0034] According to the inventor’s careful experimental
study, even if the same resin material is used, the coef-
ficient of friction is larger when the rotational speed is
lower. This coincides with the general tendency that is
known as Galton’s law. For example, when the coefficient
of friction is represented as 1 when the rotational speed
is 50 km/h, the coefficient of friction is 1.025 when the
rotational speed is 25 km/h, the coefficient of friction is
1.05 when the rotational speed is 12.5 km/h.
[0035] Specifically, in the case of a resin that was used
for the respective friction bodies 15f, 21f, 22f, 35f in this
embodiment, when the coefficient of friction is 0.500 if
the rotational speed is 50 km/h, the coefficient of friction
is 0.5125 if the rotational speed is 25 km/h and the coef-
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ficient of friction is 0.525 if the rotational speed is 12.5
km/h.
[0036] It has been known that the frictional force acted
on the friction surface is proportional to a product of the
coefficient of friction and a contact pressure. The contact
pressure is inversely proportional to an area of the friction
surface. Thus, in order to equalize the frictional force act-
ed on the friction surface on one side of a free disk and
that on the other side thereof, it is desirable to determine
an area of each friction surface taking into consideration
the difference of the coefficients of friction.
[0037] When the clutch functions as a clutch at a start-
ing process, the rotational speed of the driving unit 10 is
larger than the rotational speed of the output shaft 31.
Thus, it is thought that the coefficient of friction on the
side of the driving-unit 10 is smaller than that on the side
of the output-shaft 31. Thus, it should be taken into con-
sideration as an important point that an area of the friction
surface on the side of the driving-unit 10 is set smaller
than an area of the friction surface on the side of the
output-shaft 31.
[0038] That is to say, in this embodiment, it is prefer-
able that an area of a friction surface between the first
friction body 21f of the first free disk 21 and the second
free disk 22 is larger than an area of a friction surface
between the drive-side friction body 15f of the drive-
torque transmission disk 15 and the first free disk 21, and
smaller than an area of a friction surface between the
output-side friction body 35f of the output-torque receiv-
ing disk 35 and the second friction body 22f of the second
free disk 22.
[0039] Specifically, in a case that the rotational speed
of the driving unit 10 is 50 km/h at the starting process,
a torque transmission is carried out between the drive-
side friction body 15f of the drive-torque transmission disk
15 and the first free disk 21, at an early stage of the torque
transmission starting. At that time, the second free disk
22 is still stationary, so that the first free disk 21 is accel-
erated to 25 (50/2) km/h. Subsequently, a torque trans-
mission is carried out between the first friction body 21f
of the first free disk 21 and the second free disk 22. At
that time, the output-torque receiving disk 35 is still sta-
tionary, so that the second free disk 22 is accelerated to
12.5 (25/2) km/h.
[0040] It can be thought that this status is approximate-
ly a basic status. Then, it can be thought that the coeffi-
cient of friction of the friction surface between the drive-
side friction body 15f of the drive-torque transmission disk
15 and the first free disk 21 is 0.500, the coefficient of
friction of the friction surface between the first friction
body 21f of the first free disk 21 and the second free disk
22 is 0.5125, and the coefficient of friction of the friction
surface between the output-side friction body 35f of the
output-torque receiving disk 35 and the second friction
body 22f of the second free disk 22 is 0.525.
[0041] Correspondingly, when the contact pressures
of the respective friction surfaces are calculated in order
that the friction forces acted on the respective friction

surfaces are uniform, it is sufficient that the contact pres-
sure between the drive-side friction body 15f of the drive-
torque transmission disk 15 and the first free disk 21 is
0.051, the contact pressure between the first friction body
21f of the first free disk 21 and the second free disk 22
is 0.050, and the contact pressure between the output-
side friction body 35f of the output-torque receiving disk
35 and the second friction body 22f of the second free
disk 22 is 0.049.
[0042] An example of the sizes of the respective friction
surfaces for achieving the above contact pressures is:
an annular friction surface whose inner diameter is 200
mm and whose outer diameter is 300 mm, regarding the
friction surface between the drive-side friction body 15f
of the drive-torque transmission disk 15 and the first free
disk 21; an annular friction surface whose inner diameter
is 182 mm and whose outer diameter is 290 mm, regard-
ing the friction surface between the first friction body 21f
of the first free disk 21 and the second free disk 22; and
an annular friction surface whose inner diameter is 170
mm and whose outer diameter is 285 mm, regarding the
friction surface between the output-side friction body 35f
of the output-torque receiving disk 35 and the second
friction body 22f of the second free disk 22. Alternatively,
another example thereof is: an annular friction surface
whose inner diameter is 185 mm and whose outer diam-
eter is 300 mm, regarding the friction surface between
the drive-side friction body 15f of the drive-torque trans-
mission disk 15 and the first free disk 21; an annular
friction surface whose inner diameter is 181 mm and
whose outer diameter is 300 mm, regarding the friction
surface between the first friction body 21f of the first free
disk 21 and the second free disk 22; and an annular fric-
tion surface whose inner diameter is 176 mm and whose
outer diameter is 300 mm, as the friction surface between
the output-side friction body 35f of the output-torque re-
ceiving disk 35 and the second friction body 22f of the
second free disk 22.
[0043] Next, an operation of the embodiment as struc-
tured above is explained. At first, an operation for a start-
ing process of a stationary automobile is explained.
[0044] When an input torque from an internal combus-
tion engine or an electrical motor not shown is transmitted
to the driving shaft 11, the driving shaft 11 rotates in ac-
cordance with the input torque. Herein, the driving shaft
11 rotates at a rotational speed corresponding to 50 km/h.
[0045] When the driving shaft 11 rotates, the centrifu-
gal weight 12 moves radially outward by the action of the
centrifugal force. When the centrifugal weight 12 moves
radially outward, the centrifugal weight 12 joints on the
driving-unit frame 13. Then, the driving-unit frame 13 ro-
tates together with the driving shaft 11. When the driving-
unit frame 13 rotates, the axial-pressure centrifugal
weight 14 moves radially outward. When the axial-pres-
sure centrifugal weight 14 moves radially outward, the
tapered surface 14t of the axial-pressure centrifugal
weight 14 comes in contact with the tapered surface 15t
of the drive-torque transmission disk 15 and pushes the
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same toward the output shaft 31 in the axial direction.
[0046] Thus, the input torque of the driving unit 10 is
transmitted from the drive-torque transmission disk 15 to
the first free disk 21 by friction, the torque transmitted to
the first free disk 21 is transmitted to the second free disk
22 by friction, and the torque transmitted to the second
free disk 22 is transmitted to the output-torque receiving
disk 35 by friction.
[0047] Specifically, a torque transmission is carried out
between the drive-side friction body 15f of the drive-
torque transmission disk 15 and the first free disk 21, at
an early stage of the torque transmission starting. At that
time, the second free disk 22 is still stationary, so that
the first free disk 21 is accelerated to 25 (50/2) km/h.
Subsequently, a torque transmission is carried out be-
tween the first friction body 21f of the first free disk 21
and the second free disk 22. At that time, the output-
torque receiving disk 35 is still stationary, so that the sec-
ond free disk 22 is accelerated to 12.5 (25/2) km/h. Sub-
sequently, a torque transmission is carried out between
the second friction body 22f of the second free disk 22
and the output-side friction body 35f of the output-torque
receiving disk 35. At that time, the output-side friction
body 35f of the output-torque receiving disk 35 is driven
by the rotating disk whose speed is 12.5 km/h, i.e., rela-
tively low. Thus, the start of the rotation of the output-
side friction body 35f of the output-torque receiving disk
35 is extremely smooth.
[0048] Assuming that this status is approximately a ba-
sic status, the above sizes of the respective friction sur-
faces are adopted, so that the frictional forces acted on
the respective friction surfaces can be made uniform.
This is extremely advantageous for the durability of the
two free disks.
[0049] When the torque transmission continues, the
first free disk 21, the second free disk 22 and the output-
torque receiving disk 35 are gradually accelerated, so
that the speed differences between the respective friction
surfaces disappear. Finally, the status becomes as if the
driving shaft 11 and the output shaft 31 are directly con-
nected, that is, the output shaft 31 rotates at a rotational
speed corresponding to 50 km/h.
[0050] According to the experiments made by the in-
ventor, from the start of the rotation of the output shaft
31 (the output-side friction body 35f of the output-torque
receiving disk 35) to the status as if the driving shaft 11
and the output shaft 31 are directly connected, the speed
of the output shaft 31 is smoothly increased. The degree
of the smoothness is as if a smooth gear change is carried
out from a low gear to a high gear. In this sense, it can
be said that the multi-free-disk type of clutch of this em-
bodiment 100 achieves a transmission function as well.
[0051] Next, a brake function to stop the running auto-
mobile is explained. In the case of an electrical automo-
bile, a regenerative brake is usually used in combination.
In the case of an engine automobile, an engine brake is
usually used in combination. Herein, an operation for
generating a breaking force greater than those of the

above brakes is explained.
[0052] For example, when the driver operates a foot
brake, the band brake 51 for breaking the rotation of the
driving-unit frame 13 is activated. Thereby, the driving-
unit frame 13 is decelerated or stopped. When the driv-
ing-unit frame 13 is decelerated or stopped, the axial-
pressure centrifugal weight 14 returns radially inward, so
that the drive-torque transmission disk 15 moves away
from the first free disk 21 by means of the biasing force
of the springs 41. Thus, a torque shut-off status is
achieved in the multi-free-disk type of clutch of this em-
bodiment 100.
[0053] The driving shaft 11 is also decelerated or
stopped by a stop of fuel supply to the internal combustion
engine or a stop of electricity supply to the electrical mo-
tor. Thereby, the centrifugal weight 12 returns radially
inward, so that the driving shaft 11 and the driving-unit
frame 13 are separated. By adjustment of moving degree
of the centrifugal weight 12 based on the centrifugal force,
the driving-unit frame 13 can be stopped even if the driv-
ing shaft 11 is still rotating, i.e., maintains an idling state.
[0054] When the driving-unit frame 13 is decelerated
or stopped, the drive-torque transmission disk 15 is de-
celerated or stopped. By means of the thus decelerated
or stopped drive-torque transmission disk 15, the free
disks 21, 22 and the output-torque receiving disk 35 (and
the output shaft 31) can be braked.
[0055] In this embodiment, after a stop of the rotation
of the drive-torque transmission disk 15 or a rotation
speed thereof lower than a threshold speed has been
detected, the brake lever 43 is automatically pressed in-
ward (leftward in Fig. 1), the brake rods 44 (six brake
rods are arranged at regular intervals in the circumfer-
ential direction) move outward (rightward in Fig. 1), and
thus left-end large-diameter portions of the brake rods
44 move together with the drive-torque transmission disk
15 toward the first free disk 21. Thus, the torque trans-
mission status is achieved again between the drive-
torque transmission disk 15 and the first free disk 21.
Thereby, the low or stopped torque status of the drive-
torque transmission disk 15 acts for breaking the first free
disk 21 and so on. According to the experiments made
by the inventor, this braking action is very strong, which
is sufficient for braking a large-sized automobile such as
a large-sized bus.
[0056] When the operation of the foot brake is re-
leased, or when the output shaft 31 has been stopped,
the inward press of the brake lever 43 is automatically
stopped, the brake rods 44 return to their original posi-
tions by the biasing force of the springs 41, and the status
returns to the initial one before the starting process.
[0057] As described above, the multi-free-disk type of
clutch 100 of this embodiment can achieve the smooth
transition from the torque shut-off status to the torque
transmission status. The degree of the smoothness is as
if a smooth gear change is carried out from a low gear
to a high gear. In this sense, it can be said that a trans-
mission function is achieved as well. In addition, after the
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torque shut-off status has been achieved, if the driving
unit 10 is decelerated or stopped in advance and the
torque transmission status is achieved again so that the
thus stopped torque is transmitted, a suitable brake func-
tion for the output shaft 31 can be achieved as well.
[0058] The multi-free-disk type of clutch 100 of this em-
bodiment can function as a brake as well. Thus, there is
no need to provide a separate brake system, which is
preferable to save a space. In addition, the braking force
generated by the multi-free-disk type of clutch 100 of this
embodiment is strong enough to be used for a large-sized
automobile such as a large-sized bus.
[0059] In addition, according to the multi-free-disk type
of clutch 100 of this embodiment, since the above-de-
scribed sizes of the respective friction surfaces are adopt-
ed, the frictional forces acted on the respective friction
surfaces can be made uniform. This is extremely advan-
tageous in view of the durability of the two free disks 21,
22.
[0060] In addition, as described above, it can be said
that the multi-free-disk type of clutch 100 of this embod-
iment can function as a transmission as well. However,
when it is provided for an engine automobile, it is neces-
sary to provide a back gear separately. On the other
hand, when it is provided for an electrical automobile,
since it is possible to reversely drive an electrical motor
thereof, it is not necessary to provide any separate trans-
mission.
[0061] Next, Fig. 2 is a schematic longitudinal section
view showing a multi-free-disk type of clutch according
to another embodiment of the present invention. In this
embodiment, the output-torque receiving disk 35 is mov-
able with respect to the output shaft 31 in the axial direc-
tion. Instead, there is provided an output-torque receiving
central disk 55 integrally fixed to the output shaft 31.
[0062] In more detail, in the multi-free-disk type of
clutch 100’ of this embodiment, the set of the drive-side
friction body 15f, the first friction body 21f, the second
friction body 22f and the output-side friction body 35f,
which generate a braking force, is provided in a left-right
symmetrical relationship, i.e., not only on the left side in
Fig. 2 with respect to the output-torque receiving disk 35
but also on the right side. The right-most drive-side fric-
tion body 15f is configured to transmit a torque to the
output-torque receiving central disk 55. Furthermore, the
output-torque receiving disk 35 together with such two
sets of the above components that generate a braking
force is provided on the right side with respect to the
output-torque receiving central disk 55 as well. As a re-
sult, the serial arrangement of the four sets of the com-
ponents is achieved. The right-most drive-side friction
body 15f is configured to transmit a torque to a right-side
symmetric disk 15r that is symmetrical to the drive-torque
transmission disk 15. The right-side symmetric disk 15r
is configured to be pressed leftward by an axial-pressure
centrifugal weight 14r.
[0063] In the multi-free-disk type of clutch 100’ of this
embodiment, the four sets of the drive-side friction body

15f, the first friction body 21f, the second friction body
22f and the output-side friction body 35f, which generate
a braking force in the multi-free-disk type of clutch 100
shown in Fig. 1, are serially arranged. Thus, the multi-
free-disk type of clutch 100’ can achieve a braking force
four times as large as that by the multi-free-disk type of
clutch 100 shown in Fig. 1.
[0064] In addition, the structure for connecting the driv-
ing shaft 11 and the driving-unit frame 13 via the centrif-
ugal weight 12 can be omitted. That is to say, like a multi-
free-disk type of clutch 100" shown in Fig. 3, the driving
shaft 11" and the driving-unit frame 13" can be directly
connected. In this case, as a structure for the axial-pres-
sure centrifugal weight 14" to press the drive-torque
transmission disk 15", the driving-unit frame 13" can have
a tapered surface 13t", as shown in Fig. 3.
[0065]

10 Driving unit
11 Driving shaft (torque input shaft)
12 Centrifugal weight
13 Driving-unit frame
14 Axial-pressure centrifugal weight
15 Drive-torque transmission disk
15f Drive-side friction body
21 First free disk
21f First friction body
22 Second free disk
22f Second friction body
31 Output shaft
35 Output-torque receiving disk
35f Output-side friction body
41 Spring
43 Brake lever
44 Brake rod
45 Adjustment nut
50 Housing
51 Band brake
55 Output-torque receiving central disk
100, 100’, 100" Multi-free-disk type of clutch

Claims

1. A multi-free-disk type of clutch comprising
a driving unit configured to rotate in accordance with
an input torque, the driving unit having a drive-torque
transmission disk,
an output shaft to which a torque is to be transmitted,
the output shaft having an output-torque receiving
disk, and
at least two free disks arranged between the drive-
torque transmission disk and the output-torque re-
ceiving disk, each of the at least two free disks being
freely rotatable,
wherein
when the torque is to be transmitted;
mutual gaps between the drive-torque transmission
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disk, the at least two free disks and the output-torque
receiving disk are narrowed, so that
the input torque of the driving unit is transmitted from
the drive-torque transmission disk to one free disk
adjacent to the drive-torque transmission disk by fric-
tion,
the torque transmitted to the one free disk is trans-
mitted to another free disk adjacent to the one free
disk by friction, and
the torque transmitted to the or another free disk on
the most output-shaft side is transmitted to the out-
put-torque receiving disk by friction, and
when the torque is to be shut off;
the mutual gaps between the drive-torque transmis-
sion disk, the at least two free disks and the output-
torque receiving disk are broadened, so that torque
transmission channel is shut off.

2. The multi-free-disk type of clutch according to claim
1, wherein
an area of a friction surface between the drive-torque
transmission disk and the one free disk adjacent to
the drive-torque transmission disk is smaller than an
area of a friction surface between the one free disk
adjacent to the drive-torque transmission disk and
the another free disk adjacent to the one free disk.

3. The multi-free-disk type of clutch according to claim
1 or 2, wherein
an area of a friction surface between the output-
torque receiving disk and the free disk adjacent to
the output-torque receiving disk is larger than an ar-
ea of a friction surface between the free disk adjacent
to the output-torque receiving disk and another free
disk adjacent to the free disk.

4. The multi-free-disk type of clutch according to one
of claims 1 to 3, wherein
the at least two free disks are two free disks,
an area of a friction surface between the one free
disk adjacent to the drive-torque transmission disk
and the free disk adjacent to the output-torque re-
ceiving disk is
larger than an area of a friction surface between the
drive-torque transmission disk and the one free disk
adjacent to the drive-torque transmission disk, and
smaller than an area of a friction surface between
the output-torque receiving disk and the free disk
adjacent to the output-torque receiving disk.

5. The multi-free-disk type of clutch according to one
of claims 1 to 4, wherein
the drive-torque transmission disk is arranged in a
movable manner in an axial direction thereof with
respect to the output-torque receiving disk.

6. The multi-free-disk type of clutch according to claim
5, wherein

the drive-torque transmission disk is configured to
move toward the output-torque receiving disk by
means of an action of an axial-pressure centrifugal
weight that moves radially outward when the driving
unit rotates.

7. The multi-free-disk type of clutch according to claim
6, wherein
the drive-torque transmission disk is biased by a
spring in such a manner that the drive-torque trans-
mission disk moves away from the output-torque re-
ceiving disk when the axial-pressure centrifugal
weight returns radially inward when the driving unit
is decelerated or stopped.

8. The multi-free-disk type of clutch according to claim
7, wherein
a braking unit for the driving-unit is provided for de-
celerating or stopping the driving unit.

9. The multi-free-disk type of clutch according to claim
8, wherein
a braking-activating unit configured to move the
drive-torque transmission disk toward the output-
torque receiving disk, when the driving unit is to be
decelerated or stopped, is provided.
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