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TORQUE-LIMITING DEVICE FOR VEHICLE

TECHNICAL FIELD

[0001] The present invention relates to a vehicle torque
limiter device and particularly to a structure of a torque lim-
iter device enabling acquisition of a hysteresis torque with a
simple structure.

BACKGROUND ART

[0002] A vehicle torque limiter device is known that has a
cover plate rotatable around an axial center, a lining plate
relatively rotatable to the cover plate around the same axial
center, a friction material interposed between the cover plate
and the lining plate, and a pressing member for generating a
pressing force between the cover plate and the lining plate.
For example, a torque fluctuation absorber of Patent Docu-
ment 1 is an example thereof.

[0003] A torque fluctuation absorber 1 described in Patent
Document 1 has a damper mechanism 20 including a side
plate 22 rotatable around an axial center, a hub 21 relatively
rotatable to the side plate 22 around the same axial center, and
adamper member 24 elastically coupling the side plate 22 and
the hub 21, and a limiter portion 30 (torque limiter device)
disposed on the outer circumferential side of the damper
mechanism 20. The torque fluctuation absorber 1 is disposed
with a hysteresis mechanism (thrust member, disc spring 23¢)
generating a single stage hysteresis torque between the hub
21 and the side plate 22 with the limiter portion 30 disposed
on the outer circumferential side thereof. A torque fluctuation
absorber 1 described in Patent Document 2 is disposed with a
hysteresis mechanism (a first hysteresis mechanism and a
second hysteresis mechanism) generating two-stage hyster-
esis torques between a hub 21 and a first and second side
plates 22A and 22B.

PRIOR ART DOCUMENT

Patent Document

[0004] Patent Document 1: Japanese Laid-Open Patent
Publication No. 2005-127507

[0005] Patent Document 2: Japanese Laid-Open Patent
Publication No. 2007-218347

[0006] Patent Document 3: Japanese Laid-Open Patent
Publication No. 2010-230162

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007] Since both the hysteresis mechanism of Patent
Document 1 and the hysteresis mechanism of Patent Docu-
ment 2 are disposed between the hub and the side plate 22, the
hysteresis mechanisms are disposed on the inner circumfer-
ential side. Therefore, an operation radius (rotation radius) of
the hysteresis mechanisms is reduced, which problematically
reduces a hysteresis torque that can be generated in the hys-
teresis mechanisms. In Patent Document 1, the hysteresis
mechanism and the limiter portion 30 (torque limiter device)
are separately disposed. In Patent Document 2, even when the
torque limiter device is disposed, the hysteresis mechanism
and the torque limiter device are separately disposed as is the
case with Patent Document 1. Each of these hysteresis
mechanism and torque limiter devices includes a friction
material, a disc spring, etc., and since the hysteresis mecha-
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nism and the torque limiter device are separately disposed in
the references 1 and 2, it is problematic that a structure
becomes highly complicated.

[0008] The present invention was conceived in view of the
situations and it is therefore an object of the present invention
to provide a vehicle torque limiter device enabling acquisition
of a hysteresis torque with a simple structure.

Means for Solving the Problem

[0009] To achieve the object, the first aspect of the inven-
tion provides (a) a vehicle torque limiter device comprising: a
cover plate rotatable around an axial center; a lining plate
relatively rotatable to the cover plate around the same axial
center; a friction material interposed between the cover plate
and the lining plate; and a pressing member for generating a
pressing force between the cover plate and the lining plate, (b)
the cover plate and the friction material being configured to be
slidable on each other, (c) the lining plate and the friction
material being configured to be slidable on each other, (d) a
friction force generated on friction surfaces between the
cover plate and the friction material being smaller than a
friction force generated on friction surfaces between the lin-
ing plate and the friction material, (e) a stopper being dis-
posed between the cover plate and the friction material, the
stopper defining a slip amount between the cover plate and the
friction material.

Effects of the Invention

[0010] Consequently, since the friction force generated on
the friction surfaces between the cover plate and the friction
material is smaller than the friction force generated on the
friction surfaces between the lining plate and the friction
material, when a torque is input to the torque limiter device, a
slip first occurs between the cover plate and the friction mate-
rial, and the lining plate and the friction material integrally
rotate. In this case, a hysteresis torque is generated based on
the friction force between the cover plate and the friction
material. In other words, the cover plate and the friction
material making up the torque limiter device act as a hyster-
esis mechanism. When the slip amount between the cover
plate and the friction material reaches a defined value, the
stopper is actuated and the slip between the cover plate and
the friction material is inhibited. As a result, the torque limiter
device acts as a normal torque limiter based on the friction
force generated on the friction surfaces between the lining
plate and the friction material. Since the torque limiter device
is also used as the hysteresis mechanism in this way, the
torque limiter device is realized that can generate the hyster-
esis torque with a simple structure. When the torque limiter
device is disposed closer to the outer circumference, the
operation radius of the torque limiter device is increased and,
therefore, even a large hysteresis torque can be realized.

[0011] Preferably, (a) the cover plate includes a pair of a
first cover plate and a second cover plate, (b) a first friction
material is interposed as the friction material between the first
cover plate and the lining plate, (c) a second friction material
is also interposed as the friction material between the second
cover plate and the lining plate, (d) a first stopper is disposed
as the stopper between the first cover plate and the first fric-
tion material, (e) a second stopper is disposed as the stopper
between the second cover plate and the second friction mate-
rial, (f) a slip amount defined by the first stopper is smaller
than a slip amount defined by the second stopper, (g) a friction
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force generated on friction surfaces between the first cover
plate and the first friction material and a friction force gener-
ated on friction surfaces between the second cover plate and
the second friction material are smaller than a friction force
generated on friction surfaces between the lining plate and the
first friction material, and (h) a friction force generated on
friction surfaces between the lining plate and the first friction
material is smaller than a friction force generated on friction
surfaces between the lining plate and the second friction
material.

[0012] Consequently, when the torque is input to the torque
limiter device, a slip first occurs on the friction surfaces
between the first cover plate and the first friction material and
the friction surfaces between the second cover plate and the
second friction material, and a first hysteresis torque is gen-
erated at this point. When the first stopper is locked, a slip
occurs between the lining plate and the first friction material
and a second hysteresis torque is generated at this point.
When the second stopper is locked, the torque limiter device
acts as a normal torque limiter based on the friction force
generated between the lining plate and the second friction
material. In this way, the torque limiter device can be realized
that enables acquisition of two-stage hysteresis torques.
[0013] Preferably, (a) a vehicle torque limiter device com-
prising: a cover plate rotatable around an axial center; a lining
plate relatively rotatable to the cover plate around the same
axial center; a friction material interposed between the cover
plate and the lining plate; and a pressing member for gener-
ating a pressing force between the cover plate and the lining
plate, (b) the cover plate and the friction material being con-
figured to be slidable on each other, (¢) the lining plate and the
friction material being configured to be slidable on each other,
(d) friction surfaces between the cover plate and the friction
material slipping earlier than friction surfaces between the
lining plate and the friction material when a torque is input to
the torque limiter portion, (e) a stopper being disposed
between the cover plate and the friction material, the stopper
defining a slip amount between the cover plate and the friction
material.

[0014] Consequently, when the torque is input to the torque
limiter device, a slip first occurs between the cover plate and
the friction material, and the lining plate and the friction
material integrally rotate. In this case, the hysteresis torque is
generated based on the friction force between the cover plate
and the friction material. In other words, the cover plate and
the friction material making up the torque limiter device act as
the hysteresis mechanism. When the slip amount between the
cover plate and the friction material reaches the defined value,
the stopper is actuated and the slip between the cover plate
and the friction material is inhibited. As a result, the torque
limiter device acts as a normal torque limiter based on the
friction force generated on the friction surfaces between the
lining plate and the friction material. Since the torque limiter
device is also used as the hysteresis mechanism in this way,
the torque limiter device is realized that can generate the
hysteresis torque with a simple structure. When the torque
limiter device is disposed closer to the outer circumference
than conventional hysteresis mechanisms, the operation
radius of the torque limiter device is increased and, therefore,
a large hysteresis torque can be acquired.

[0015] Preferably, (a) the cover plate includes a pair of a
first cover plate and a second cover plate, (b) a first friction
material is interposed as the friction material between the first
cover plate and the lining plate, (c) a second friction material
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is also interposed as the friction material between the second
cover plate and the lining plate, (d) a first stopper is disposed
as the stopper between the first cover plate and the first fric-
tion material, (e) a second stopper is disposed as the stopper
between the second cover plate and the second friction mate-
rial, (f) a slip amount defined by the first stopper is smaller
than a slip amount defined by the second stopper, and (g)
when a torque is input to the torque limiter portion, a slip first
occurs on friction surfaces between the first cover plate and
the first friction material and friction surfaces between the
second cover plate and the second friction material, then
occurs on friction surfaces between the lining plate and the
first friction material, and lastly occurs on friction surfaces
between the lining plate and the second friction material.
Consequently, when the torque is input to the torque limiter
device, a slip first occurs on the friction surfaces between the
first cover plate and the first friction material and the friction
surfaces between the second cover plate and the second fric-
tion material, and a first hysteresis torque is generated at this
point. When the first stopper is locked, a slip occurs between
the lining plate and the first friction material and a second
hysteresis torque is generated at this point. When the second
stopper is locked, the torque limiter portion acts as a normal
torque limiter based on the friction force generated between
the lining plate and the second friction material. In this way,
the torque limiter device can be realized that enables acqui-
sition of two-stage hysteresis torques.

[0016] Preferably, the torque limiter device comprises (a) a
plurality of the first friction materials arranged separately in a
circumferential direction, (b) a plurality of the first stoppers
defining a slip amount between a plurality of the first friction
materials and the first cover plate, (¢) a plurality of the second
friction materials arranged separately in a circumferential
direction, and (d) a plurality of the second stoppers defining a
slip amount between a plurality of the second friction mate-
rials and the second cover plate, wherein (e) a friction coef-
ficient between the plurality of the first friction materials and
the lining plate is different from a friction coefficient between
the plurality of the second friction materials and the lining
plate each other, and wherein for the friction material having
the friction surface with the larger friction coefficient
between the friction material and the lining plate, the slip
amount defined by the first stopper or the second stopper is set
larger. Consequently, by differentiating the friction coeffi-
cients from each other on the friction surfaces of the plurality
of the first friction materials and the plurality of the second
friction materials and the lining plate, the torque limiter
device can be implemented that enables acquisition of mul-
tistage hysteresis torque.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a general configuration diagram for
explaining a hybrid type vehicle drive device to which the
present invention is applied.

[0018] FIG. 2 is a cross-sectional view for explaining a
configuration of the damper device depicted in FIG. 1 in
detail.

[0019] FIG. 3 is apartially enlarged cross-sectional view of
the torque limiter mechanism of FIG. 2.

[0020] FIG. 4 is an arrow view of the pressure plate and the
first friction material viewed from arrow A in FIG. 3.

[0021] FIG. 5 is a diagram of relationship between a torque
transmitted to the damper device of FIG. 2 and a torsional
angle.
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[0022] FIG. 6 is a cross-sectional view for explaining a
structure of a torque limiter mechanism in a damper device
that is another example of the present invention.

[0023] FIG.7 is a diagram of relationship between a torque
transmitted to the damper device of FIG. 6 and a torsional
angle.

[0024] FIG. 8 is a cross-sectional view of a torque limiter

mechanism of a damper device that is yet another example of
the present invention.

[0025] FIG. 9is an A-arrow view of the pressure plate and
the first friction material in the torque limiter mechanism of
FIG. 8 viewed from arrow A of FIG. 8.

[0026] FIG. 10 is a B-arrow view of the support plate and
the second friction material in the torque limiter mechanism
of FIG. 8 viewed from arrow B of FIG. 8.

[0027] FIG. 11 is a diagram of relationship between a
torque transmitted to the damper device of FIG. 8 and a
torsional angle.

[0028] FIG. 12 is a diagram of other form of stoppers.
[0029] FIG. 13 is a diagram of further other form of stop-
pers.

[0030] FIG. 14 is a diagram of further other form of stop-
pers.

[0031] FIG. 15 is a diagram of relationship between a

torque and a torsional angle when the stopper of FIG. 14 is
used.

MODE FOR CARRYING OUT THE INVENTION

[0032] An example of the present invention will now be
described in detail with reference to the drawings. In the
following example, the figures are simplified or deformed as
needed and portions are not necessarily precisely depicted in
terms of dimension ratio, shape, etc.

First Example

[0033] FIG. 1 is a general configuration diagram for
explaining a hybrid type vehicle drive device 10 to which the
present invention is applied. In FIG. 1, the vehicle drive
device 10 transmits a torque of a first drive source 12, i.e., a
main drive source, to a wheel-side output shaft 14 acting as an
output member in a vehicle such that the torque is transmitted
from the wheel-side output shaft 14 via a differential gear
device 16 to a pair of left and right drive wheels 18. The
vehicle drive device 10 is disposed with a second electric
motor MG2 capable of selectively providing power running
control for outputting drive power for running and regenera-
tive control for recovering energy as a second drive source
and the second electric motor MG2 is coupled via an auto-
matic transmission 22 to the wheel-side output shaft. There-
fore, an output torque transmitted from the second electric
motor MG2 to the wheel-side output shaft is increased and
decreased depending on a gear ratio ys (=rotation speed
Nmg2 of the second electric motor MG2/rotation speed Nout
of the wheel-side output shaft) set by the automatic transmis-
sion 22.

[0034] The automatic transmission 22 interposed in a
power transmission path between the second electric motor
MG?2 and the drive wheels 18 is configured such that a plu-
rality of stages having the gear ratio ys greater than ““1”” can be
established; at the time of power running when a torque is
output from the second electric motor MG2, the torque can be
increased and transmitted to the wheel-side output shaft; and,
therefore, the second electric motor MG2 is configured with
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a lower capacity or in a smaller size. As a result, for example,
if the rotation speed Nout of the wheel-side output shaft is
increased in association with a higher vehicle speed, the gear
ratio ys is made smaller to reduce the rotation speed (herein-
after referred to as a second electric motor rotation speed)
Nmg?2 of the second electric motor MG2 so as to maintain the
operation efficiency of the second electric motor MG2 in a
favorable state, or if the rotation speed Nout of the wheel-side
output shaft is reduced, the gear ratio ys is made larger to
increase the second electric motor rotation speed Nmg?2.
[0035] The first drive source 12 is mainly made up of an
engine 24 acting as a main power source, a first electric motor
MG1, and a planetary gear device 26 acting as a power dis-
tribution mechanism for combining or distributing torque
between the engine 24 and the first electric motor MG1. The
engine 24 is a known internal combustion engine combusting
fuel to output power, such as a gasoline engine and a diesel
engine, and is configured to have an operational state, such as
a throttle valve opening degree and an intake air amount, a
fuel supply amount, and an ignition timing, electrically con-
trolled by an engine-control electronic control device
(E-ECU) not depicted mainly made up of a microcomputer.
The electronic control device is supplied with detection sig-
nals from an accelerator operation amount sensor AS detect-
ing an operation amount of an accelerator pedal, a brake
sensor BS for detecting the presence of operation of a brake
pedal, etc.

[0036] The first electric motor MG1 is, for example, a syn-
chronous electric motor, configured to selectively fulfill a
function as an electric motor generating a drive torque and a
function as an electric generator, and is connected via an
inverter 30 to an electric storage device 32 such as a battery
and a capacitor. The inverter 30 is controlled by a motor-
generator-control electronic control device (MG-ECU) not
depicted mainly made up of a microcomputer, thereby adjust-
ing or setting the output torque or a regenerative torque of the
first electric motor MG1.

[0037] The planetary gear device 26 is a single pinion type
planetary gear mechanism including a sun gear S0, a ring gear
RO disposed concentrically to the sun gear S0, and a carrier
CAO supporting a pinion gear PO meshing with the sun gear
S0 and the ring gear R0 in a rotatable and revolvable manner
as three rotating elements to generate a known differential
action. The planetary gear device 26 is disposed concentri-
cally to the engine 24 and the automatic transmission 22.
Since the planetary gear device 26 and the automatic trans-
mission 22 are symmetrically configured relative to a center
line, the lower halves thereof are not depicted in FIG. 1.
[0038] In this example, a crankshaft 36 of the engine 24 is
coupled via a damper device 38 and a power transmission
shaft 39 to the carrier CAQ of the planetary gear device 26. On
the other hand, the sun gear S0 is coupled to the first electric
motor MG1, and the ring gear R0 is coupled to the wheel-side
output shaft. The carrier CA0, the sun gear S0, and the ring
gear R0 act as an input element, a reaction force element, and
an output element, respectively.

[0039] If a reaction torque from the first electric motor
MG1 is input to the sun gear S0 for an output torque of the
engine 24 inputto the carrier CA0 in the planetary gear device
26, a direct torque occurs in the ring gear R0 that is the output
element and, therefore, the first electric motor MG1 acts as an
electric generator. When the rotation speed of the ring gear
RO, i.e., the rotation speed (output shaft rotation speed) Nout
of'the wheel-side output shaft 14 is constant, a rotation speed
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(engine rotation speed) Ne of the engine 24 can continuously
be changed by changing a rotation speed Nmgl of the first
electric motor MG1 higher and lower.

[0040] The automatic transmission 22 of this example is
made up of a set of Ravigneaux type planetary gear mecha-
nisms. In other words, the automatic transmission 22 is dis-
posed with a first sun gear S1 and a second sun gear S2; a
larger diameter portion of a stepped pinion P1 meshes with
the first sun gear S1; a smaller diameter portion of the stepped
pinion P1 meshes with a pinion P2; and the pinion P2 meshes
with a ring gear R1 (R2) disposed concentrically to the sun
gears S1 and S2. The pinions P1 and P2 are held by a common
carrier CA1 (CA2) in a rotatable and revolvable manner. The
second sun gear S2 meshes with the pinion P2.

[0041] The second electric motor MG2 is controlled via an
inverter 40 by the motor-generator-control electronic control
device (MG-ECU) to act as an electric motor or an electric
generator and an assist output torque or a regenerative torque
is adjusted or set. The second sun gear S2 is coupled to the
second electric motor MG2 and the carrier CA1 is coupled to
the wheel-side output shaft. The first sun gear S1 and the ring
gear R1 make up a mechanism corresponding to a double
pinion type planetary gear device along with the pinions P1
and P2, and the second sun gear S2 and the ring gear R1 make
up a mechanism corresponding to a single pinion type plan-
etary gear device along with the pinion P2.

[0042] The automatic transmission 22 is disposed with a
first brake B1 disposed between the first sun gear S1 and a
housing 42 that is a non-rotating member for selectively fix-
ing the first sun gear S1, and a second brake B2 disposed
between the ring gear R1 and the housing 42 for selectively
fixing the ring gear R1. The brakes B1, B2 are so-called
friction engagement devices using a frictional force to gen-
erate a braking force and are implemented by employing
multi-plate type engagement devices or band-type engage-
ment devices. The brakes B1, B2 are configured such that
torque capacities thereof are respectively continuously
changed depending on engagement pressures generated by a
hydraulic actuator for the brake B1 and a hydraulic actuator
for the brake B2 such as hydraulic cylinders.

[0043] The automatic transmission 22 configured as
described above is configured such that the second sun gear
S2 acts as an input element, that the carrier CA1 acts as an
output element, that a high-speed stage H is established with
a gear ratio ysh greater than “1” when the first brake B1 is
engaged, and that a low-speed stage L is established with a
gear ratio ys1 greater than the gear ratio ysh of the high-speed
stage H when the second brake B2 is engaged instead of the
first brake B1. In other words, the automatic transmission 22
is a two-speed transmission in which a shift between the gear
stages H and L is performed based on a running state such as
a vehicle speed V and a required drive power (or an accelera-
tor operation amount). More specifically, shift stage ranges
are determined in advance as a map (shift diagram) and con-
trol is provided such that one of the shift stages is set depend-
ing on a detected operational state.

[0044] FIG. 2 is a cross-sectional view for explaining a
configuration of the damper device 38 depicted in FIG. 1 in
detail. The lower half of the damper device 38 from an axial
center C is not depicted in FIG. 2. The damper device 38 is
disposed around the axial center C between the engine 24 and
the planetary gear device 26 in a power transmittable manner.
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The power transmission shaft 39 depicted in FIG. 1 is spline-
fitted to an inner circumferential portion of the damper device
38.

[0045] The damper device 38 includes a pair of left and
right disc plates 56 rotatable around the axial center C, a hub
member 58 relatively non-rotatably coupled to the power
transmission shaft 39 by spline fitting and disposed relatively
rotatably to the disc plates 56 around the same axial center,
coil springs 62 (torsion springs) made of spring steel inter-
posed between the disc plates 56 and the hub member 58 to
operatively (elastically) couple the disc plates 56 and the hub
member 58 while elastically deforming depending on a rela-
tive rotation amount between the members, a hysteresis
mechanism 64 generating a friction force between the disc
plates 56 and the hub member 58, and the torque limiter
mechanism 68 disposed on the outer circumferential side of
the disc plates 56. The torque limiter mechanism 68 corre-
sponds to a vehicle torque limiter device of the present inven-
tion.

[0046] The disc plates 56 are made up of a pair of disc-
shaped first and second plates 70 and 72 on the right and left
and are relatively non-rotatably fixed by a rivet 66 with the
coil springs 62 axially sandwiched by the plates 70 and 72.
The rivet 66 also acts as a fastening member of a lining plate
76 of the torque limiter mechanism 68 described later. The
first plate 70 has a plurality of first opening holes 70a formed
in a circumferential direction for housing the coil springs 62.
The second plate 72 has a plurality of second opening holes
72a formed in the circumferential direction at positions cor-
responding to the first opening holes 704 for housing the coil
springs 62. A plurality of the coil springs 62 is housed in
spaces formed by the first opening holes 70a and the second
opening holes 72a. As a result, when the disc plates 56 rotate
around the axial center C, the coil springs 62 are revolved
around the axial center C in the same way.

[0047] The hub member 58 is formed from a cylindrical
portion 58a including inner circumferential teeth spline-fitted
to the power transmission shaft 39 in an inner circumferential
portion and circular-plate-shaped flange portions 585 radially
extending outward from an outer circumferential surface of
the cylindrical portion 58a. The coil springs 62 are housed in
spaces formed between the flange portions 5854 in the rotation
direction. As a result, when the hub member 58 rotates around
the axial center C, one ends of the coil springs 62 abut on the
hub member 58 and, therefore, the coil springs 62 are
revolved around the axial center C in the same way. With such
aconfiguration, the coil springs 62 operatively couple the disc
plates 56 and the hub member 58 while elastically deforming
depending on a relative rotation amount between the mem-
bers. For example, when the disc plates 56 rotate, one ends of
the coil springs 62 are pressed and the other ends of the coil
springs 62 press the flange portions 585 of the hub member
58, thereby rotating the hub member 58. In this case, since the
coil springs 62 transmit the rotation while being elastically
deformed, a shock due to torque variation is absorbed by the
elastic deformation of the coil springs 62.

[0048] The hysteresis mechanism 64 is disposed on the
inner circumferential side of the coil springs 62 and between
the disc plates 56 and the flange portions 585 of the hub
member 58 in an axial direction. The hysteresis mechanism
64 is made up of a plurality of friction materials, a disc spring,
etc., and generates a friction force between the disc plates 56
and the hub member 58. Optimum hysteresis torque is set by
adjusting this friction force. The hysteresis mechanism 64 of
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this example includes a friction engagement element made of
a friction material with a low friction coefficient and a friction
engagement element made of a friction material with a high
friction coefficient to generate two-stage hysteresis torques.
[0049] The torque limiter mechanism 68 (the torque limiter
device of the present invention) is disposed on the outer
circumferential side of the disc plates 56 and has a function of
preventing torque transmission exceeding a preset limit
torque Tlim. The torque limiter mechanism 68 includes the
annular-plate-shaped lining plate 76 fastened by the rivet 66
along with the disc plates 56 to integrally rotate around the
axial center C with the disc plates 56, a support plate 78
consisting of a disc-shaped first support plate 78a and a cir-
cular-plate-shaped second support plate 786 located on the
outer circumferential side, a circular-plate-shaped pressure
plate 80 disposed adjacently to the lining plate 76 to be
housed in the support plate 78, a cone-shaped disc spring 82
interposed in a preloaded state in a gap between the pressure
plate 80 and the first support plate 784 in the axial direction,
a first friction material 88 (friction material) interposed
between the pressure plate 80 and the lining plate 76, and a
second friction material 89 interposed between an inner cir-
cumferential portion of the second support plate 786 and the
lining plate 76. The pressure plate 80 corresponds to a cover
plate of the present invention.

[0050] FIG. 3 is a partially enlarged cross-sectional view of
the torque limiter mechanism 68 of FIG. 2. Description will
hereinafter be made with reference to FIG. 3. The support
plate 78 is made up of a pair of the disc-shaped first support
plate 78a and the circular-plate-shaped second support plate
78b on the left and right having outer circumferential portions
disposed with bolt holes 84 and 86, respectively, for bolt-
fastening not depicted fixing a flywheel 50 of FIG. 1 and the
support plates 78a and 7854.

[0051] The first support plate 78« has an inner circumfer-
ential portion bent in the axial direction to form a space
between the first support plate 78a and the second support
plate 785b. This space houses the disc spring 82, the pressure
plate 80, the first friction material 88, the lining plate 76, and
the second friction material 89 in this order from the first
support plate 78a toward the second support plate 785 in the
axial direction.

[0052] The lining plate 76 is an annular-plate-shaped mem-
ber fixed by the rivet 66 along with the first plate 70 and the
second plate 72. The pressure plate 80 is also formed into an
annular plate shape. The pressure plate 80 and the lining plate
76 are configured to be relatively rotatable around the same
axial center C. The first friction material 88 is interposed
between the pressure plate 80 and the lining plate 76. The first
friction material 88 is formed into an annular plate shape, for
example. Alternatively, the first friction materials 88 may be
formed into an arc shape and arranged at regular angular
intervals side-by-side in the circumferential direction.
[0053] In the first friction material 88, a friction surface on
the side adjacent to the pressure plate 80 is configured to be
slidable on the pressure plate 80. A friction surface of the first
friction material 88 adjacent to the lining plate 76 is config-
ured to be slidable on the lining plate 76. Therefore, the first
friction material 88 is fixed by neither the adjacent pressure
plate 80 nor the lining plate 76.

[0054] A friction coefficient pnl of the friction surfaces
(sliding surfaces) between the pressure plate 80 and the first
friction material 88 is made smaller than a friction coefficient
n2 of the friction surfaces (sliding surfaces) between the
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lining plate 76 and the first friction material 88. Therefore, a
friction force F1 generated on the friction surfaces between
the pressure plate 80 and the first friction material 88 is
smaller than a friction force F2 generated on the friction
surfaces between the lining plate 76 and the first friction
material 88.

[0055] A stopper 90 is disposed between the pressure plate
80 and the first friction material 88 to define an upper limit
value of a slip amount (relative rotation amount) between the
pressure plate 80 and the first friction material 88. The stopper
90 is made up of a column-shaped projection 92 axially
projecting from the friction surface of the pressure plate 80
adjacent to the first friction material 88, and a circular stopper
hole 94 formed in the first friction material 88. The projection
92 is housed in the stopper hole 94 and has a backlash (gap) in
the circumferential direction (rotation direction) for defining
a predetermined slip amount (relative rotation) between the
pressure plate 80 and the first friction material 88.

[0056] FIG. 4 is an arrow view of the pressure plate 80 and
the first friction material 88 viewed from arrow A in FIG. 3.
As depicted in FIG. 3, the stopper hole 94 is formed into a
perfectly circular hole larger than the diameter of the projec-
tion 92. As a result, the backlash is formed between the
projection 92 and the stopper hole 94 and a slip in the rotation
direction is allowed between the pressure plate 80 and the first
friction material 88 by the backlash. Therefore, when a slip
amount between the pressure plate 80 and the first friction
material 88 reaches a defined value, the projection 92 abuts on
the wall surface of the stopper hole 94, making the pressure
plate 80 and the first friction material 88 relatively non-rotat-
able.

[0057] The second friction material 89 is interposed
between the inner circumferential portion of the second sup-
port plate 785 and the lining plate 76. The second friction
material is formed into, for example, an annular plate shape,
as is the case with the first friction material 88. Alternatively,
the second friction materials 89 may be formed into an arc
shape and arranged at regular angular intervals side-by-side
in the circumferential direction.

[0058] In the second friction material 89, a friction surface
on the side adjacent to the second support plate 785 is con-
figured to be slidable on the second support plate 785 and a
friction surface adjacent to the lining plate 76 is configured to
be slidable on the lining plate 76. Therefore, the second
friction material 89 is fixed by neither the adjacent second
support plate 785 nor the lining plate 76. The friction coeffi-
cient  is set to the friction coefficient u2 on both the friction
surfaces (sliding surfaces) between the second support plate
78b and the second friction material 89 and the friction sur-
faces (sliding surfaces) between the lining plate 76 and the
second friction material 89.

[0059] The disc spring 82 is interposed in the preloaded
state between the first support plate 78a and the pressure plate
80. The disc spring 82 is formed into a cone shape with an
inner circumferential end portion thereof abutting on the pres-
sure plate 80 and an outer circumferential end portion abut-
ting on the first support plate 78a and is deformed and inter-
posed to have a deflection amount generating the preload
(disc spring load W). Therefore, the disc spring 82 axially
presses the pressure plate 80 toward the lining plate 76 by the
disc spring load W. As a result, a friction force F is generated
between the pressure plate 80 and the first friction material
88, between the lining plate 76 and the first friction material
88, between the second support plate 785 and the second
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friction material 89, and the lining plate 76 and the second
friction material 89. The disc spring 82 corresponds to a
pressing member of the present invention.

[0060] An operation of the damper device 38 configured as
described above will be described. FIG. 5 depicts relationship
between a torque T input to the damper device 38 and a
torsional angle 6 of'the damper device 38. The horizontal axis
indicates the torsional angle 6 and the vertical axis indicates
the torque T. When the torque T is input to the damper device
38 and the torsional angle 0 increases to a torsional angle 01,
a slip first occurs on the friction surfaces between the pressure
plate 80 and the first friction material 88 having the lower
friction coefficient 1, and a hysteresis torque T1 is generated
at this point. The hysteresis torque T1 in this case is repre-
sented by the following Equation (1). In Equation (1), rl
denotes an operation radius (rotation radius) of the first fric-
tion material 80 and W denotes the disc spring load of the disc
spring 82.

T1=rlxplx W (€8]

[0061] When the torsional angle 0 reaches 62, the slip
amount allowed by the stopper 90 reaches the defined value.
In this case, the projection 92 abuts on the stopper hole 94 in
the stopper 90, making the pressure plate 80 and the first
friction material 88 relatively non-rotatable. Therefore, the
slip is regulated between the pressure plate 80 and the first
friction material 88. A slip then occurs on the friction surfaces
between the lining plate 76 and the first friction material 88.
A torque T2 generated in this case is represented by the
following Equation (2). Since the friction coefficient p2 is
larger than the friction coefficient p11, the torque T2 becomes
larger than the torque T1 (T2>T1). The torque T2 is a limit
torque Tlm of the torque limiter mechanism 68.

T2=r1xp2x W 2)

[0062] As aresult, the single stage hysteresis torque T1 is
realized in the torque limiter mechanism 68. The torque lim-
iter mechanism 68 is disposed closer to the outer circumfer-
ence than the disc plates 56, the operation radius (rotation
radius) rl of the first friction material 88 is made larger.
Therefore, since a wide range of hysteresis torque from small
hysteresis torque to large hysteresis torque can be acquired by
adjusting the friction coefficient i1 and the disc spring load W
of'the disc spring 82, a degree of freedom of design is signifi-
cantly improved. Since the torque limiter mechanism 68 also
acts as the hysteresis mechanism, i.e., the torque limiter
mechanism 68 is also used as the hysteresis mechanism, the
torque limiter mechanism 68 is realized that can generate the
hysteresis torque with a simple structure.

[0063] Since conventional hysteresis mechanisms are dis-
posed on the inner circumferential portion of the damper
device, a large hysteresis torque is difficult to acquire. To
acquire a large hysteresis torque in the conventional hyster-
esis mechanisms, it is required to use high friction coefficient
material and increase a pushing load of the disc spring; how-
ever, since high friction coefficient material has poor abrasion
resistance, if the pushing load of the disc spring is increased,
peripheral components receive a larger reaction force and,
therefore, the strength of these components must be raised.
Thus, a large hysteresis torque is difficult to acquire.

[0064] On the other hand, since the torque limiter mecha-
nism 68 is disposed with the hysteresis torque mechanism in
this example, the operation radius (rotation radius) of the
friction material increases and even a large hysteresis torque
can easily be realized. For example, it is conventionally dif-

Apr. 3,2014

ficult to attenuate a resonance or engine start torque, which is
input equal to or greater than the engine maximum torque,
with hysteresis torque. In this regard, since a hysteresis torque
exceeding the engine maximum torque can be generated in
this example, the attenuation with hysteresis torque can be
achieved at the time of resonance or engine start.

[0065] As described above, according to this example,
since the friction force F1 generated on the friction surfaces
between the pressure plate 80 and the first friction material 88
is smaller than a friction force F2 generated on the friction
surfaces between the lining plate 76 and the first friction
material 88, when the torque T is input to the damper device
38, a slip first occurs between the pressure plate 80 and the
first friction material 88, and the lining plate 76 and the first
friction material 88 integrally rotate. In this case, the hyster-
esis torque T1 is generated based on the friction force
between the pressure plate 80 and the first friction material
80. In other words, the pressure plate 80 and the first friction
material 88 making up the torque limiter mechanism 68 act as
the hysteresis mechanism. When the slip amount between the
pressure plate 80 and the first friction material 88 reaches the
defined value, the stopper 90 is actuated and the slip between
the pressure plate 80 and the first friction material 88 is
inhibited. As aresult, the torque limiter mechanism 68 acts as
a normal torque limiter based on the friction force generated
on the friction surfaces between the lining plate 76 and the
first friction material 88. Since the torque limiter mechanism
68 is also used as the hysteresis mechanism in this way, the
torque limiter mechanism 68 is realized that can generate the
hysteresis torque with a simple structure. Since the torque
limiter mechanism 68 is disposed closer to the outer circum-
ference than the disc plates 56, the operation radius (rotation
radius) of the torque limiter mechanism 68 is increased and
even a large hysteresis torque can be realized. By using low
friction material etc., a small hysteresis torque can also easily
be acquired. This configuration can easily be achieved with-
out adding the number of components.

[0066] According to this example, since this configuration
can simply be achieved by differentiating the friction coeffi-
cients of the both surfaces of the friction material, forming the
stopper hole 94 in the friction material, and forming the
projection 92 on the pressure plate 80 in a conventional con-
figuration, a wide range of hysteresis torque can be generated
without making a significant design change.

[0067] Since the two-stage hysteresis mechanism 64 is
included in this example, three-stage hysteresis torques can
be realized by adding the hysteresis of the torque limiter
mechanism 64.

[0068] Other examples of the present invention will be
described. In the following description, the portions common
with the example are denoted by the same reference numerals
and will not be described.

Second Example

[0069] FIG. 6 is a cross-sectional view for explaining a
structure of a torque limiter mechanism 102 included in a
damper device 100 that is another example of the present
invention, corresponding to FIG. 3 in the example. A support
plate 104 is made up of a pair of a disc-shaped first support
plate 104q and a circular-plate-shaped second support plate
10454 on the left and right. The first support plate 104 has an
inner circumferential portion bent in the axial direction to
form a space between the first support plate 104a and the
second support plate 1045. This space houses a disc spring
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108, a pressure plate 106, a first friction material 110, the
lining plate 76, and a second friction material 112 from the
first support plate 1044 toward the second support plate 1045.
The torque limiter mechanism 102 corresponds to the vehicle
torque limiter device of the present invention; the first friction
material 110 corresponds to a first friction material of the
present invention; the second friction material 112 corre-
sponds to a second friction material of the present invention;
the pressure plate 106 corresponds to a first cover plate of the
present invention; the second support plate 1045 corresponds
to a second cover plate of the present invention; and the disc
spring 108 corresponds to the pressing member of the present
invention.

[0070] The pressure plate 106 and the second support plate
10454 are rotatably disposed around the axial center C and the
lining plate 76 is relatively rotatable to the pressure plate 106
and the second support plate 1045 around the axial center C.
[0071] The first friction material 110 is interposed between
the pressure plate 106 and the lining plate 76. In the first
friction material 110, a friction surface on the side adjacent to
the pressure plate 106 is configured to be slidable on the
pressure plate 106 and a friction surface adjacent to the lining
plate 76 is configured to be slidable on the lining plate 76.
Therefore, the first friction material 110 is fixed by neither the
pressure plate 106 nor the lining plate 76.

[0072] A friction coefficient nl of the friction surfaces
(sliding surfaces) between the pressure plate 106 and the first
friction material 110 is made smaller than a friction coeffi-
cient u2 of the friction surfaces (sliding surfaces) between the
lining plate 76 and the first friction material 110. Therefore, a
friction force F1 generated between the pressure plate 106
and the first friction material 110 is smaller than a friction
material F2 generated between the lining plate 76 and the first
friction material 110.

[0073] A first stopper 116 (first stopper) is disposed
between the pressure plate 106 and the first friction material
110 to define a maximum amount of a slip amount (relative
rotation amount) between the pressure plate 106 and the first
friction material 110. The first stopper 116 is made up of a
column-shaped projection 118 axially projecting from the
friction surface of the pressure plate 106 adjacent to the first
friction material 110, and a perfectly circular stopper hole 120
formed in the first friction material 110. The projection 118 is
housed in the stopper hole 120 to form a backlash [.1 (gap) in
the circumferential direction (rotation direction) for defining
the slip amount (relative rotation) between the pressure plate
106 and the first friction material 110.

[0074] The second friction material 112 is formed between
the inner circumferential portion of the second support plate
1045 and the lining plate 76. In the second friction material
112, a friction surface on the side adjacent to the second
support plate 1045 is configured to be slidable on the second
support plate 1045 and a friction surface adjacent to the lining
plate 76 is configured to be slidable on the lining plate 76.
Therefore, the second friction material 112 is fixed by neither
the second support plate 1045 nor the lining plate 76.

[0075] The friction surfaces (sliding surfaces) between the
second support plate 1045 and the second friction material
112 are set to the friction coefficient pl. In other words, the
friction coefficient is made equal to the friction coefficient pu1
of'the friction surfaces (sliding surfaces) between the pressure
plate 106 and the first friction material 110. A friction coef-
ficient u3 of the friction surfaces (sliding surfaces) between
the lining plate 76 and the second friction material 112 is
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made larger than the friction coefficient u2 of the friction
surfaces (sliding surfaces) between the lining plate 76 and the
first friction material 110.

[0076] As a result, the smallest friction coefficient is the
friction coefficient pl of the friction surfaces (sliding sur-
faces) between the pressure plate 106 and the first friction
material 110 and the friction coefficient ul of the friction
surfaces (sliding surfaces) between the second support plate
1045 and the second friction material 112, and the friction
coefficient u2 of the friction surfaces (sliding surfaces)
between the lining plate 76 and the first friction material 110
is larger than the friction coefficient pl while the friction
coefficient u3 of the friction surfaces (sliding surfaces)
between the lining plate 76 and the second friction material
112 is the largest (u3>u2>ul). Therefore, the friction force F1
generated between the pressure plate 106 and the first friction
material 110 and the friction force F1 generated between the
second support plate 1045 and the second friction material
112 are equal to each other and smaller than the friction force
F2 generated between the lining plate 76 and the first friction
material 110. The friction force F2 generated between the
lining plate 76 and the first friction material 110 is smaller
than a friction force F3 generated between the lining plate 76
and the second friction material 112 (F3>F2>F1).

[0077] A second stopper 122 (second stopper) is disposed
between the second support plate 1045 and the second fric-
tion material 112 to define a slip amount (relative rotation
amount) between the second support plate 1045 and the sec-
ond friction material 112. The second stopper 122 is made up
of a column-shaped projection 124 axially projecting from
the friction surface of the second support plate 1045 adjacent
to the second friction material 112, and a perfectly circular
stopper hole 126 formed in the second friction material 112.
The projection 124 is housed in the stopper hole 126 to form
abacklash .2 (gap) in the circumferential direction for defin-
ing the slip amount (relative rotation) between the second
support plate 1045 and the second friction material 112. The
backlash 1.2 of the second stopper 122 is configured to be
larger than the backlash L1 set in the first stopper 116. For
example, as depicted in FIG. 6, the projections 118 and 124
are formed into a columnar shape while the stopper holes 120
and 126 are formed into a circular shape, and the diameter of
the projection 124 is formed smaller than that of the projec-
tion 118 while the stopper hole 126 is formed larger than the
stopper hole 120. With such a configuration, the slip amount
defined by the first stopper 116 is made smaller than the slip
amount defined by the second stopper 122.

[0078] An operation of the damper device 100 configured
as described above will be described. FIG. 7 depicts relation-
ship between a torque T transmitted to the damper device 100
and a torsional angle 6. When the torque T is input to the
damper device 100 and the torsional angle 6 increases to a
torsional angle 61, a slip first occurs on the friction surfaces
between the pressure plate 106 and the first friction material
110 and the friction surfaces between the second support plate
1045 and the second friction material 112. This is because the
lowest friction coefficient is the friction coefficient pl
between the pressure plate 106 and the first friction material
110 and between the second support plate 1045 and the sec-
ond friction material 112. In this case, a hysteresis torque T1
represented by the following Equation (3) is generated. In
Equation (3), rl denotes an operation radius (rotation radius)
of'the first friction material 110 and W denotes the disc spring
load of the disc spring 108.
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T1=rlxplx W 3)

[0079] When the torsional angle 6 reaches the torsional
angle 02, the projection 118 abuts on the stopper hole 120 in
the first stopper 116, making the pressure plate 106 and the
first friction material 110 relatively non-rotatable. A slip then
occurs on the friction surfaces between the lining plate 76 and
the first friction material 110. The slip continues on the fric-
tion surfaces between the second support plate 1045 and the
second friction material 112. In this case, a hysteresis torque
T2 represented by the following Equation (4) is generated. In
this equation, p2 is the friction coefficient on the friction
surfaces between the lining plate 76 and the first friction
material 110. The friction coefficient p2 is larger than the
friction coefficient nl1 and, therefore, the hysteresis torque T2
is larger than the hysteresis torque T1.

T2=r1xp2x W 4

[0080] When the torsional angle 6 further increases and
reaches the torsional angle 83, the projection 124 abuts on the
stopper hole 126 in the second stopper 122, making the sec-
ond support plate 1045 and the second friction material 112
relatively non-rotatable. Therefore, the slip between the sec-
ond support plate 1045 and the second friction material 112 is
regulated. A slip lastly occurs between the lining plate 76 and
the second friction material 112. A torque T3 in this case is
represented by the following Equation (5). In this equation,
u3 denotes the friction coefficient on the friction surfaces
between the lining plate 76 and the second friction material
112. Since the friction coefficient pu3 is the largest based on
Equation (5), the torque T3 becomes the largest. The torque
T3 is the limiter torque Tlm of the torque limiter mechanism
102.

T3=rIxp3x W (5)

[0081] As described above, the two-stage hysteresis
torques T1, T2 are realized in the torque limiter mechanism
102. Since the torque limiter mechanism 102 is also used as
the hysteresis mechanism, the torque limiter mechanism 102
is realized that can generate the hysteresis torque with a
simple structure. Since the torque limiter mechanism 102 is
disposed on the outer circumferential side of the disc plates
56, the first friction material 110 and the second friction
material 112 have a larger radius (effective radius) r1. There-
fore, since a wide range of hysteresis torque from small
hysteresis torque to large hysteresis torque can be acquired by
adjusting the friction coefficients 111 to u3 and the disc spring
load of the disc spring 108, a degree of freedom of design is
significantly improved. Four-stage hysteresis torques can be
realized along with the hysteresis mechanism 64 generating
conventional two-stage hysteresis torques.

[0082] As described above, according to this example,
when the torque T is input to the damper device 100, a slip first
occurs on the friction surfaces between the pressure plate 106
and the first friction material 110 and the friction surfaces
between the second support plate 1045 and the second fric-
tion material 112, and a first hysteresis torque T1 is generated
atthis point. When the first stopper 116 is locked, a slip occurs
between the lining plate 76 and the first friction material 110
and a second hysteresis torque T2 is generated at this point.
When the second stopper 122 is locked, the torque limiter
mechanism 102 acts as a normal torque limiter based on the
friction force generated between the lining plate 76 and the
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second friction material 112. In this way, the torque limiter
mechanism 102 can be realized that enables acquisition of
two-stage hysteresis torques.

Third Example

[0083] FIG. 8 is a cross-sectional view of a torque limiter
mechanism 152 (torque limiter device) of a damper device
150 that is yet another example of the present invention. The
torque limiter mechanism 152 of this example is disposed as
a plurality of mechanisms (at four locations in this example)
at regular angular intervals in the circumferential direction
rather than being entirely continuously disposed in the cir-
cumferential direction as in the examples. As depicted in FIG.
8, the torque limiter mechanism 152 includes the lining plate
76, a pressure plate 156, a first friction material 158 inter-
posed between the lining plate 76 and the pressure plate 156,
a support plate 160, a second friction material 162 interposed
between the lining plate 76 and the support plate 160, and a
clamping member 164 clamping the pressure plate 156 and
the support plate 160 from the both ends in the axial direction.
The torque limiter mechanism 152 corresponds to the vehicle
torque limiter device of the present invention; the pressure
plate 156 corresponds to the first cover plate of the present
invention; the support plate 160 corresponds to the second
cover plate of the present invention; the clamping member
164 corresponds to the pressing member of the present inven-
tion; the first friction material 158 corresponds to the first
friction material of the present invention; and the second
friction material 162 corresponds to the second friction mate-
rial of the present invention.

[0084] The support plate 160 is formed into an annular
plate shape and formed with a bolt hole 166 for bolt-fastening
not depicted and a through-hole 168 for allowing the clamp-
ing member 164 to penetrate in the axial direction. The sup-
port plate 160 and the pressure plate 156 are configured to be
rotatable around the axial center C and the lining plate 76 is
relatively rotatable to the support plate 160 and the pressure
plate 156 around the axial center C.

[0085] The friction surfaces between the first friction mate-
rial 158 and the pressure plate 156 are configured to be slid-
able on (relatively rotatable to) each other and the friction
surfaces between the first friction material 158 and the lining
plate 76 are configured to be slidable on (relatively rotatable
to) each other. The friction surfaces between the second fric-
tion material 162 and the support plate 160 are configured to
be slidable on (relatively rotatable to) each other and the
friction surfaces between the second friction material 162 and
the lining plate 76 are configured to be slidable on (relatively
rotatable to) each other.

[0086] The clamping member 164 (pressing member) is
made of spring steel and includes a first abutting portion 170
having an inner circumferential end portion abutting on the
pressure plate 156, a second abutting portion 172 abutting on
the support plate 160, and a coupling portion 174 coupling
outer circumferential end portions of the first abutting portion
170 and the second abutting portion 172 in the axial direction.
The clamping member 167 axially clamps (presses) the pres-
sure plate 156 and the support plate 160 with a preset preload
(disc spring load W).

[0087] A first stopper 176 (first stopper) is disposed
between the pressure plate 156 and the first friction material
158 to define (limit) a slip amount (relative rotation amount)
between the pressure plate 156 and the first friction material
158. The first stopper 176 is made up of a column-shaped
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projection 178 axially projecting from the friction surface of
the pressure plate 156 adjacent to the first friction material
158, and a stopper hole 180 formed in the first friction mate-
rial 158. The projection 178 is housed in the stopper hole 180
to form a backlash L1 in the rotation direction for allowing a
predetermined slip amount (relative rotation) between the
pressure plate 156 and the first friction material 158.

[0088] A second stopper 182 (second stopper) is disposed
between the support plate 160 and the second friction mate-
rial 162 to define a slip amount (relative rotation amount)
between the support plate 160 and the second friction mate-
rial 162. The second stopper 182 is made up of a projection
184 axially projecting from the friction surface of the support
plate 160 adjacent to the second friction material 162, and a
stopper hole 186 formed in the second friction material 162.
The projection 178 and the projection 184 are assumed to
have the same shape (external diameter). The projection 184
is housed in the stopper hole 186 to form a backlash (gap) L.2
for defining the slip amount (relative rotation amount)
between the support plate 160 and the second friction mate-
rial 162. The backlash .2 is formed larger than the backlash
L1 of the first stopper 176.

[0089] FIG. 9is an A-arrow view of the pressure plate 156
and the first friction material 158 in the torque limiter mecha-
nism 152 of FIG. 8 viewed from arrow A of FIG. 8. FIG. 9 is
a simplified view and is not drawn in accurate scale etc.
[0090] As depicted in FIG. 9, the circular-plate-shaped
pressure plate 156 has the four first friction materials 158
arranged separately at regular angular intervals in the circum-
ferential direction. In FIG. 9, the first friction material 158 on
the top is denoted by a reference numeral as a first friction
material 1584, and the first friction materials 158 are denoted
by respective reference numerals as a first friction material
1585 to a first friction material 1584 clockwise from the first
friction material 158a. As depicted in FIG. 9, the first friction
materials 158a to 1584 are disposed with respective first
stoppers 176a to 1764 defining a slip amount between the
pressure plate 156 and the first friction materials 158. The
stopper holes 180 are denoted by reference numerals (1804 to
180d) in the same way as the first friction materials 158. In
this example, each of the disc spring loads W generated by the
clamping members 164 is not changed.

[0091] Although the first stoppers 176 (176a to 176d) have
the projections 178 of a common shape, the stopper holes 180
(180a to 1804) have circumferential widths different from
each other. Specifically, as depicted in FIG. 9, a groove width
Ha-1 of the stopper hole 180a is the smallest among the
stopper holes 180; a groove width Hb-1 of the stopper hole
1804 is formed larger than the groove width Ha-1 of the
stopper hole 180a; a groove width He-1 of the stopper hole
180c¢ is formed larger than the groove width Hb-1 of the
stopper hole 1805; and a groove width Hd-1 of the stopper
hole 1804 is formed larger than the groove width He-1 of the
stopper hole 180c.

[0092] FIG. 10 is a B-arrow view of the support plate 160
and the second friction material 162 in the torque limiter
mechanism 152 of FIG. 8 viewed from arrow B of FIG. 8.
FIG. 10 is a simplified view and is not drawn in accurate scale
etc., and the outer circumferential portion of the support plate
160 is not depicted.

[0093] As depicted in FIG. 10, the circular-plate-shaped
support plate 160 has the four second friction materials 162
arranged separately at regular angular intervals in the circum-
ferential direction. In FIG. 10, the second friction material
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162 on the top is denoted by a reference numeral as a second
friction material 1624, and the second friction materials 162
are denoted by respective reference numerals as a second
friction material 1625 to a second friction material 1624
clockwise from the second friction material 162a. As
depicted in FIG. 10, the second friction materials 162a to
162d are disposed with respective second stoppers 1824 to
182d defining a slip amount between the support plate 160
and the second friction materials 162. The stopper holes 186
making up the second stoppers 182 are denoted by reference
numerals (186a to 1864) in the same way as the second
friction materials 162.

[0094] The projections 184 of the second stoppers 1824 to
182d have a shape common with the projections 178 of the
first stoppers 176. On the other hand, the stopper holes 1864
to 186d have circumferential widths different from each
other. Specifically, as depicted in FIG. 10, a groove width
Ha-2 of the stopper hole 1864« is the smallest among the
stopper holes 186; a groove width Hb-2 of the stopper hole
1864 is formed larger than the groove width Ha-2 of the
stopper hole 186a; a groove width Hc-2 of the stopper hole
186¢ is formed larger than the groove width Hb-2 of the
stopper hole 1865; and a groove width Hd-2 of the stopper
hole 1864 is formed larger than the groove width He-2 of the
stopper hole 186c.

[0095] Comparing the groove widths (Ha-1 to Hd-1, Ha-2
to Hd-2) including the groove widths (Ha-1 to Hd-1) of the
stopper holes 180 of the first stoppers 176, the groove widths
are set to relationship represented by the following Equation
(6). Since the projections 178 of the first stoppers 176 and the
projections 184 of the second stoppers 182 have the same
shape, Equation (6) corresponds to a size of the backlash L,
i.e., a level of the slip amount (relative rotation amount)
defined (allowed) by the stoppers 176 and 182.

Hd-2>Hd-1>Hc-2>He-1>Hb-2>Hb-1>Ha-2>Ha-1 (6)

[0096] The friction coefficient p of the friction surfaces
between the pressure plate 156 and the first friction material
158a is set to pl; the friction coefficient of the friction sur-
faces between the lining plate 76 and the first friction material
158a is set to p2; the friction coefficient p of the friction
surfaces between the support plate 160 and the second friction
material 162a is set to p11; and the friction coefficient pL of the
friction surfaces between the lining plate 76 and the second
friction surface 162a is set to pu3. The friction coefficient p of
the friction surfaces between the pressure plate 156 and the
first friction material 15854 is set to pu1; the friction coefficient
n of the friction surfaces between the lining plate 76 and the
first friction material 15854 is set to p4; the friction coefficient
u of the friction surfaces between the support plate 160 and
the second friction material 1625 is set to ul; and the friction
coefficient p of the friction surfaces between the lining plate
76 and the second friction surface 1625 is set to uS. The
friction coefficient p of the friction surfaces between the
pressure plate 156 and the first friction material 158c¢ is set to
nl1; the friction coefficient p of the friction surfaces between
the lining plate 76 and the first friction material 158¢ is set to
16; the friction coefficient p of the friction surfaces between
the support plate 160 and the second friction material 162c¢ is
set to pu1; and the friction coefficient u of the friction surfaces
between the lining plate 76 and the second friction surface
162¢ is set to u7. The friction coefficient p of the friction
surfaces between the pressure plate 156 and the first friction
material 1584 is set to pl; the friction coefficient p of the
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friction surfaces between the lining plate 76 and the first
friction material 1584 is set to u8; the friction coefficient pL of
the friction surfaces between the support plate 160 and the
second friction material 1624 is set to pl; and the friction
coefficient p of the friction surfaces between the lining plate
76 and the second friction surface 162d is set to 9.

[0097] The friction coefficients pt1 to 9 are set to relation-
ship represented by the following Equation (7). In other
words, equal and smallest values are set as a friction force F1
generated between the pressure plate 156 and the first friction
material 158a, the friction force F1 generated between the
support plate 160 and the second friction material 1624, the
friction force F1 generated between the pressure plate 156
and the first friction material 1585, the friction force F1
generated between the support plate 160 and the second fric-
tion material 1625, the friction force F1 generated between
the pressure plate 156 and the first friction material 158¢, the
friction force F1 generated between the support plate 160 and
the second friction material 162c, the friction force F1 gen-
erated between the pressure plate 156 and the first friction
material 1584, and the friction force F1 generated between
the support plate 160 and the second friction material 1624. A
friction force F2 generated between the lining plate 76 and the
first friction material 158a is larger than the friction force F1.
A friction force F3 generated between the lining plate 76 and
the second friction surface 162a is larger than the friction
force F2. A friction force F4 generated between the lining
plate 76 and the first friction material 15856 is larger than the
friction force F3. A friction force F5 generated between the
lining plate 76 and the second friction surface 1625 is larger
than the friction force F4. A friction force F6 generated
between the lining plate 76 and the first friction material 158¢
is larger than the friction force F5. A friction force F7 gener-
ated between the lining plate 76 and the second friction sur-
face 162c¢ is larger than the friction force F6. A friction force
F8 generated between the lining plate 76 and the first friction
material 1584 is larger than the friction force F7. A friction
force F9 generated between the lining plate 76 and the second
friction surface 1624 is larger than the friction force F8. The
relationship is represented by the following Equation (8).

HO>PB>UT>U6>S>pA>n3>p2>p] @]
F9>F8>FT>F6>F5>F4>F3>F2>F1 (8)
[0098] Based on Equations (7) and (6), for the friction

materials having the friction surfaces with the larger friction
coefficients | set between the friction materials and the lining
plate 76, the slip amounts defined by the first stoppers 176 and
the second stoppers 182 are set larger.

[0099] An operation of the torque limiter mechanism 152
configured as described above will be described. FIG. 11
depicts relationship between a torque transmitted to the
damper device 150 of this example and a torsional angle 6.
When the torque T is input to the damper device 150, the
torsional angle 0 increases in proportion. When the torsional
angle 0 reaches 01, a slip occurs on the friction surfaces
having the friction coefficient n of pl (the friction surfaces
between the pressure plate 156 and the first friction materials
158a to 1584 and the friction surfaces between the support
plate 160 and the second friction materials 162a to 1624). In
this case, a hysteresis torque T1 (=r1xulxW) is generated.
[0100] When the torsional angle 8 reaches 02, the projec-
tion 178 abuts on the stopper hole 180 in the first stopper
176a, regulating a slip between the pressure plate 156 and the
first friction material 158a. A slip then occurs between the
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lining plate 76 and the first friction material 1584 having the
friction coefficient p of p2. The slip continues on the friction
surfaces having the friction coefficient L of u1 other than the
friction surfaces regulated by the first stopper 176a. In this
case, a hysteresis torque T2 (=r1xu2xW) is generated until
the torsional angle 6 reaches 03.

[0101] When the torsional angle 0 reaches 03, the projec-
tion 184 abuts on the stopper hole 1864 in the second stopper
182a, regulating a slip between the support plate 160 and the
second friction material 162a. A slip then occurs on the fric-
tion surfaces between the lining plate 76 and the second
friction surface 1624 having the friction coefficient p of p3.
The slip continues on the friction surfaces having the friction
coefficient poful other than the friction surfaces regulated by
the first stopper 176a and the second stopper 182a and the
friction surfaces having the friction coefficient p of u2. In this
case, a hysteresis torque T3 (=r1xu3xW) is generated until
the torsional angle 6 reaches 64.

[0102] When the torsional angle 0 reaches 04, the projec-
tion 178 abuts on the stopper hole 1805 in the first stopper
1764, regulating a slip between the pressure plate 156 and the
first friction material 1585. A slip then occurs between the
lining plate 76 and the first friction material 1585 having the
friction coefficient p of p4. The slip continues on the friction
surfaces having the friction coefficient L of u1 other than the
friction surfaces regulated by the first stoppers 176a, 1765,
and the second stopper 182a and the friction surfaces having
the friction coefficients p of u2 and p3. In this case, a hyster-
esis torque T4 (=r1xudxW) is generated until the torsional
angle 0 reaches 05.

[0103] When the torsional angle 0 reaches 05, the projec-
tion 184 abuts on the stopper hole 1865 in the second stopper
1824, regulating a slip between the support plate 160 and the
second friction material 1625. A slip then occurs between the
lining plate 76 and the second friction material 16256 having
the friction coefficient p of p5. The slip continues on the
friction surfaces having the friction coefficient 1 of pl other
than the friction surfaces regulated by the first stoppers 176a,
1765 and the second stoppers 182a, 1825 and the friction
surfaces having the friction coefficients p of p2 to p4. In this
case, a hysteresis torque TS5 (=r1xu5xW) is generated until
the torsional angle 6 reaches 06.

[0104] When the torsional angle 0 reaches 06, the projec-
tion 178 abuts on the stopper hole 180c¢ in the first stopper
176¢, regulating a slip between the pressure plate 156 and the
first friction material 158¢. A slip then occurs between the
lining plate 76 and the first friction material 158¢ having the
friction coefficient p of 6. The slip continues on the friction
surfaces having the friction coefficient L of u1 other than the
friction surfaces regulated by the first stoppers 176a to 176¢
and the second stoppers 182a, 1825 and the friction surfaces
having the friction coefficients p of pu2 to u5. In this case, a
hysteresis torque T6 (=r1xu6xW) is generated until the tor-
sional angle 6 reaches 07.

[0105] When the torsional angle 0 reaches 07, the projec-
tion 184 abuts on the stopper hole 186¢ in the second stopper
182¢, regulating a slip between the support plate 160 and the
second friction material 162¢. A slip then occurs between the
lining plate 76 and the second friction material 162¢ having
the friction coefficient p of p7. The slip continues on the
friction surfaces having the friction coefficient 1 of pl other
than the friction surfaces regulated by the first stoppers 176a
to 176¢ and the second stoppers 1824 to 182¢ and the friction
surfaces having the friction coefficients p of p2 to u6. In this
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case, a hysteresis torque T7 (=r1xu7xW) is generated until
the torsional angle 6 reaches 68.

[0106] When the torsional angle 0 reaches 08, the projec-
tion 178 abuts on the stopper hole 1804 in the first stopper
176d, regulating a slip between the pressure plate 156 and the
first friction material 158d. A slip then occurs between the
lining plate 76 and the first friction material 1584 having the
friction coefficient p of u8. The slip continues on the friction
surfaces having the friction coefficient 1 of u1 other than the
friction surfaces regulated by the first stoppers 1764 to 1764
and the second stoppers 182a to 182¢ and the friction surfaces
having the friction coefficients i of pu2 to pu7. In this case, a
hysteresis torque T8 (=r1xu8xW) is generated until the tor-
sional angle 6 reaches 69.

[0107] When the torsional angle 8 reaches 69, the projec-
tion 184 abuts on the stopper hole 1864 in the second stopper
182d, regulating a slip between the support plate 160 and the
second friction material 1624d. A slip then occurs between the
lining plate 76 and the second friction material 162d having
the friction coefficient p of p9. The slip continues on the
friction surfaces having the friction coefficients p of u2 to u8.
In this case, a torque T9 (=r1xu9xW) is generated and the
torque T9 is the limit torque Tlm of this example.

[0108] As described above, by circumferentially arranging
pluralities of the first friction materials 158 and the second
friction materials 162 (158a to 1584, 162a to 162d), the
hysteresis torques T1 to T8 can be acquired in multiple stages.
[0109] As described above, according to this example, by
differentiating the friction coefficients ul to pu9 from each
other on the friction surfaces of a plurality of the first friction
materials 1584 to 1584 and a plurality of the second friction
materials 162a to 1624 and the lining plate 76, the torque
limiter mechanism 152 can be implemented that enables
acquisition of multistage hysteresis torque with a simple
structure.

Fourth Example

[0110] FIGS. 12 to 14 depict other forms of the projections
and the stopper holes making up the stopper 90, first stoppers
116, 176, and second stoppers 122, 182 of the examples
described above. A stopper 200 of FIG. 12 is made up of a
column-shaped projection 204 formed on a pressure plate 202
and a bottomed-cylinder-shaped stopper hole 208 formed ina
friction material 206, for example. A reinforcing member 210
consisting of bottomed-cylinder-shaped metal is embedded
in a wall surface of the stopper hole 208 in a fitting manner. As
a result, the projection 204 abuts on the reinforcing member
210 rather than directly abutting on a friction material resin
making up the friction material 206. Therefore, deterioration
in durability and damage are prevented from occurring due to
direct abutting on the projection 204 to the friction material
resin. The shape of the reinforcing member 210 may be
changed as needed depending on the shape of the stopper hole
208.

[0111] A stopper 220 of FIG. 13 is made up of a column-
shaped projection 224 formed on a pressure plate 222 and a
cylindrical stopper hole 228 formed in a friction material 226.
The friction material 226 of this example has a structure
formed by attaching a first friction material 232 and a second
friction material 234 to an arc-shaped metal plate 230. A
circumferential end portion of the metal plate 230 projects
into the stopper hole 228. When the stopper 220 is formed in
this way, the projection 224 abuts on the circumferential end
portion of the metal plate 230 without abutting the friction
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material resin. Therefore, deterioration in durability and dam-
age are prevented from occurring due to direct abutting on the
projection 224 to the friction material resin.

[0112] A stopper 240 of FIG. 14 is made up of a column-
shaped projection 246 formed on a pressure plate 242 and a
cylindrical stopper hole 250 formed in a friction material 248.
A cylindrical rubber member 252 is fitted to an outer circum-
ferential surface of the projection 246. When the stopper 240
is configured in this way, the projection 246 does not directly
contact the friction material resin of the friction material 248
and a shock at the time of contact is alleviated. As depicted in
FIG. 15, when the projection 246 contacts the rubber member
252 at the torsional angle 62, torsional characteristics are
changed by the rubber member 252 and a change from the
hysteresis torque T1 to the limiter torque T2 is gradually
made along with an increase in the torsional angle 6. There-
fore, a sharp change is prevented when the hysteresis torque
T1 is switched to the limiter torque T2. The shape of the
rubber member 252 may be changed as needed depending on
the shape of the projection 246.

[0113] Although the cylindrical rubber member 252 is fit-
ted to the projection 246 in FIG. 14, a spring member may be
interposed between the projection 246 and the friction mate-
rial 248. If the spring members are disposed on the both ends
in the circumferential direction, a function of automatically
centering the hysteresis mechanism is added.

[0114] Although the examples ofthe present invention have
been described in detail with reference to the drawings, the
present invention is applied in other forms.

[0115] For example, although all the projections have a
columnar shape in the examples, this is not a limitation and
the projection may have a square shape etc. The stopper hole
may freely be changed depending on a shape of the projec-
tion. In other words, the shapes of the projection and the
stopper hole may freely be changed as long as the stopper is
configured to define a circumferential slip.

[0116] Although the torque limiter mechanism 152 realizes
eight-stage hysteresis torques, a change can freely be made by
changing the numbers of friction materials etc., arranged in
the circumferential direction.

[0117] Although the hysteresis mechanism 64 is disposed
on the damper device in the examples, the hysteresis torque
can be generated in the torque limiter mechanism 68 and,
therefore, the hysteresis mechanism can be omitted.

[0118] Although a plurality of the first friction materials
158 and a plurality of the second friction materials 162 are
used in the torque limiter mechanism 152 in the examples, the
torque limiter mechanism 152 may be configured such that
only the first friction materials 158 are disposed with the first
stoppers 176 or that only the second friction materials 162 are
disposed with the second stoppers 182.

[0119] In the examples, the first friction materials and the
second friction materials may be interposed at positions with
left and right reversed.

[0120] Theabove description is merely an embodiment and
the present invention may be implemented in variously modi-
fied and improved forms based on the knowledge of those
skilled in the art.

NOMENCLATURE OF ELEMENTS

[0121] 68, 102, 152: torque limiter mechanism (vehicle
torque limiter device)
[0122] 76: lining plate
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[0123] 785, 1045: second support plate (second cover
plate)
[0124] 80, 106, 156: pressure plate (cover plate, first

cover plate)

[0125] 82, 108: disc spring (pressing member)

[0126] 88: first friction material (friction material)

[0127] 90, 200, 220, 240: stopper

[0128] 110, 158: first friction material (first friction
material)

[0129] 112, 162: second friction material (second fric-

tion material)

[0130] 116, 176: first stopper (first stopper)
[0131] 122, 182: second stopper (second stopper)
[0132] 160: support plate (second cover plate)
[0133] 164: clamping member (pressing member)

1. A vehicle torque limiter device comprising:

a cover plate rotatable around an axial center; a lining plate
relatively rotatable to the cover plate around the same
axial center;

a friction material interposed between the cover plate and
the lining plate; and

apressing member for generating a pressing force between
the cover plate and the lining plate,

the cover plate and the friction material being configured to
be slidable on each other,

the lining plate and the friction material being configured
to be slidable on each other,

a friction force generated on friction surfaces between the
cover plate and the friction material being smaller than a
friction force generated on friction surfaces between the
lining plate and the friction material,

a stopper being disposed between the cover plate and the
friction material, the stopper defining a slip amount
between the cover plate and the friction material.

2. The vehicle torque limiter device of claim 1, wherein

the cover plate includes a pair of a first cover plate and a
second cover plate, wherein

afirst friction material is interposed as the friction material
between the first cover plate and the lining plate,
wherein

a second friction material is also interposed as the friction
material between the second cover plate and the lining
plate, wherein

a first stopper is disposed as the stopper between the first
cover plate and the first friction material, wherein

a second stopper is disposed as the stopper between the
second cover plate and the second friction material,
wherein

a slip amount defined by the first stopper is smaller than a
slip amount defined by the second stopper, wherein

a friction force generated on friction surfaces between the
first cover plate and the first friction material and a
friction force generated on friction surfaces between the
second cover plate and the second friction material are
smaller than a friction force generated on friction sur-
faces between the lining plate and the first friction mate-
rial, and wherein

a friction force generated on friction surfaces between the
lining plate and the first friction material is smaller than
a friction force generated on friction surfaces between
the lining plate and the second friction material.
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3. A vehicle torque limiter device comprising:

a cover plate rotatable around an axial center; a lining plate
relatively rotatable to the cover plate around the same
axial center;

a friction material interposed between the cover plate and
the lining plate; and

a pressing member for generating a pressing force between
the cover plate and the lining plate,

the cover plate and the friction material being configured to
be slidable on each other,

the lining plate and the friction material being configured
to be slidable on each other,

friction surfaces between the cover plate and the friction
material slipping earlier than friction surfaces between
the lining plate and the friction material when a torque is
input to the torque limiter portion,

a stopper being disposed between the cover plate and the
friction material, the stopper defining a slip amount
between the cover plate and the friction material.

4. The vehicle torque limiter device of claim 3, wherein

the cover plate includes a pair of a first cover plate and a
second cover plate, wherein

a first friction material is interposed as the friction material
between the first cover plate and the lining plate,
wherein

a second friction material is also interposed as the friction
material between the second cover plate and the lining
plate, wherein

a first stopper is disposed as the stopper between the first
cover plate and the first friction material, wherein

a second stopper is disposed as the stopper between the
second cover plate and the second friction material,
wherein

a slip amount defined by the first stopper is smaller than a
slip amount defined by the second stopper, and wherein

when a torque is input to the torque limiter portion, a slip
first occurs on friction surfaces between the first cover
plate and the first friction material and friction surfaces
between the second cover plate and the second friction
material, then occurs on friction surfaces between the
lining plate and the first friction material, and lastly
occurs on friction surfaces between the lining plate and
the second friction material.

5. The vehicle torque limiter device of claim 2, comprising

a plurality of the first friction materials arranged separately
in a circumferential direction,

a plurality of the first stoppers defining a slip amount
between a plurality of the first friction materials and the
first cover plate,

a plurality of the second friction materials arranged sepa-
rately in a circumferential direction, and

a plurality of the second stoppers defining a slip amount
between a plurality of the second friction materials and
the second cover plate, wherein

a friction coefficient between the plurality of the first fric-
tion materials and the lining plate is different from a
friction coefficient between the plurality of the second
friction materials and the lining plate each other, and
wherein

for the friction material having the friction surface with the
larger friction coefficient between the friction material
and the lining plate, the slip amount defined by the first
stopper or the second stopper is set larger.
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6. The vehicle torque limiter device of claim 4, comprising

aplurality of the first friction materials arranged separately
in a circumferential direction,

a plurality of the first stoppers defining a slip amount
between a plurality of the first friction materials and the
first cover plate,

a plurality of the second friction materials arranged sepa-
rately in a circumferential direction, and

a plurality of the second stoppers defining a slip amount
between a plurality of the second friction materials and
the second cover plate, wherein

a friction coefficient between the plurality of the first fric-
tion materials and the lining plate is different from a
friction coefficient between the plurality of the second
friction materials and the lining plate each other, and
wherein

for the friction material having the friction surface with the
larger friction coefficient between the friction material
and the lining plate, the slip amount defined by the first
stopper or the second stopper is set larger.
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