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DAMPER DEVICE

TECHNICAL FIELD

[0001] The invention according to the present disclosure
relates to a damper device that has an input element to which
torque from an engine is transferred and an output element.

BACKGROUND ART

[0002] Hitherto, there has been known, as a damper device
of this type, a double-path damper used in association with
a torque converter (see Patent Document 1, for example). In
the damper device, a vibration path from an engine and a
lock-up clutch to an output hub is divided into two parallel
vibration paths B and C, and the two vibration paths B and
C each have a pair of springs and a separate intermediate
flange disposed between the pair of springs. In addition, a
turbine of the torque converter is coupled to the intermediate
flange of the vibration path B in order to make the natural
frequencies of the two vibration paths different from each
other, and the natural frequency of the intermediate flange of
the vibration path B is lower than the natural frequency of
the intermediate flange of the vibration path C. In such a
damper device, in the case where the lock-up clutch is
engaged, vibration from the engine is input to the two
vibration paths B and C of the damper device. When engine
vibration at a certain frequency reaches the vibration path B
which includes the intermediate flange coupled to the tur-
bine, the phase of vibration between the intermediate flange
of the vibration path B and the output hub is shifted by 180
degrees with respect to the phase of input vibration. In this
event, since the natural frequency of the intermediate flange
of the vibration path C is higher than the natural frequency
of the intermediate flange of the vibration path B, vibration
which is input to the vibration path C is transferred to the
output hub without causing a shift (deviation) of the phase.
In this way, vibration of the output hub can be damped by
shifting the phase of vibration transferred from the vibration
path B to the output hub and the phase of vibration trans-
ferred from the vibration path C to the output hub by 180
degrees.

RELATED-ART DOCUMENTS

Patent Documents

[0003] [Patent Document 1] Published Japanese Transla-
tion of PCT Application No. 2012-506006 (JP 2012-506006
A)

SUMMARY OF THE INVENTION

[0004] In order to improve the vibration damping perfor-
mance of the double-path damper described in Patent Docu-
ment 1 mentioned above, it is necessary to appropriately set
the natural frequencies of the vibration paths B and C by
adjusting the spring constants of elastic bodies on both sides
of the intermediate flanges and the weights of the interme-
diate flanges. If an attempt is made to make the natural
frequencies of the vibration paths B and C appropriate by
adjusting the spring constants of the elastic bodies, however,
the rigidity of the entire double-path damper may be fluc-
tuated significantly. If an attempt is made to make the two
natural frequencies appropriate by adjusting the weights of
the intermediate flanges and the turbine which is connected
thereto, meanwhile, the weights of the flanges and the
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turbine, and hence the weight of the entire torque converter,
may be increased. Thus, in the double-path damper
described above, it is not easy to appropriately set the natural
frequencies of the vibration paths B and C such that the
vibration damping performance is improved, and vibration
may not be damped well even by the damper device
described in Patent Document 1 depending on the frequency
of vibration to be damped.

[0005] In view of the foregoing, it is a main object of the
invention according to the present disclosure to provide a
damper device that has higher vibration damping perfor-
mance.

[0006] The present disclosure provides a damper device
that has an input element to which torque from an engine is
transferred and an output element, including: a first inter-
mediate element; a second intermediate element; a first
elastic body that transfers torque between the input element
and the first intermediate element; a second elastic body that
transfers torque between the first intermediate element and
the output element; a third elastic body that transfers torque
between the input element and the second intermediate
element; a fourth elastic body that transfers torque between
the second intermediate element and the output element; and
a fifth elastic body that transfers torque between the first
intermediate element and the second intermediate element,
in which: a natural frequency of the second intermediate
element at a time when torque is transferred from the input
element to the output element via all of the first to fifth
elastic bodies is higher than a natural frequency of the first
intermediate element at a time when torque is transferred
from the input element to the output element via all of the
first to fifth elastic bodies; and at least one of the third and
fourth elastic bodies is disposed on a radially outer side of
the first and second elastic bodies.

[0007] In the damper device, two natural frequencies can
be set for the entire device when deflection of all of the first
to fifth elastic bodies is allowed. The studies and the
analyses conducted by the inventors revealed that the natural
frequency of the damper device which included the first to
fifth elastic bodies became lower as the rigidity of the fifth
elastic body was lowered, and that variations in the equiva-
lent rigidity of the damper device with respect to variations
in the rigidity of the fifth elastic body were significantly
small compared to variations in the equivalent rigidity of the
damper device with respect to variations in the rigidities of
the first to fourth elastic bodies. Thus, with the damper
device according to the present disclosure, by adjusting the
rigidity of the fifth elastic body, it is possible to set the two
natural frequencies of the entire damper device appropri-
ately while keeping the equivalent rigidity of the device
appropriate and suppressing an increase in the weights
(moments of inertia) of the first and second intermediate
elements. Furthermore, the equivalent rigidity of the damper
device can be further reduced by disposing at least one of the
third and fourth elastic bodies corresponding to the second
intermediate element, which has a higher natural frequency,
on the radially outer side of the first and second elastic
bodies corresponding to the first intermediate element,
which has a lower natural frequency. As a result, the
vibration damping performance of the damper device can be
improved well.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1 is a schematic diagram illustrating a starting
device that includes a damper device according to the
present disclosure.

[0009] FIG. 2 is a sectional view illustrating the damper
device according to the present disclosure.

[0010] FIG. 3 is a diagram illustrating the average attach-
ment radii of first to fourth elastic bodies in the damper
device according to the present disclosure.

[0011] FIG. 4 is a diagram illustrating torque transfer
paths in the damper device according to the present disclo-
sure.

[0012] FIG. 5 illustrates an example of the relationship
between the rotational speed of an engine and theoretical
torque fluctuations of output elements of damper devices.
[0013] FIG. 6 illustrates an example of the relationship
between the rigidity of the first elastic body in the damper
device according to the present disclosure and the natural
frequency on the low-rotation side, the frequency of the
antiresonance point, and the equivalent rigidity of the
damper device.

[0014] FIG. 7 illustrates an example of the relationship
between the rigidity of the second elastic body in the damper
device according to the present disclosure and the natural
frequency on the low-rotation side, the frequency of the
antiresonance point, and the equivalent rigidity of the
damper device.

[0015] FIG. 8 illustrates an example of the relationship
between the rigidity of the third elastic body in the damper
device according to the present disclosure and the natural
frequency on the low-rotation side, the frequency of the
antiresonance point, and the equivalent rigidity of the
damper device.

[0016] FIG. 9 illustrates an example of the relationship
between the rigidity of the fourth elastic body in the damper
device according to the present disclosure and the natural
frequency on the low-rotation side, the frequency of the
antiresonance point, and the equivalent rigidity of the
damper device.

[0017] FIG. 10 illustrates an example of the relationship
between the rigidity of a fifth elastic body in the damper
device according to the present disclosure and the natural
frequency on the low-rotation side, the frequency of the
antiresonance point, and the equivalent rigidity of the
damper device.

[0018] FIG. 11 illustrates an example of the relationship
between the moment of inertia of a first intermediate ele-
ment in the damper device according to the present disclo-
sure and the natural frequency on the low-rotation side, the
frequency of the antiresonance point, and the equivalent
rigidity of the damper device.

[0019] FIG. 12 is a sectional view illustrating another
damper device according to the present disclosure.

[0020] FIG. 13 is a sectional view illustrating still another
damper device according to the present disclosure.

[0021] FIG. 14 is a sectional view illustrating another
damper device according to the present disclosure.

[0022] FIG. 15 is a sectional view illustrating still another
damper device according to the present disclosure.

[0023] FIG. 16 is a sectional view illustrating another
damper device according to the present disclosure.
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MODES FOR CARRYING OUT THE
INVENTION

[0024] Now, an embodiment of the invention according to
the present disclosure will be described with reference to the
drawings.

[0025] FIG. 1 is a schematic diagram illustrating a starting
device 1 that includes a damper device 10 according to the
present disclosure. FIG. 2 is a sectional view illustrating the
damper device 10. The starting device 1 illustrated in FIG.
1 is mounted on a vehicle that includes an engine (in the
present embodiment, an internal combustion engine) EG
that serves as a motor. In addition to the damper device 10,
the starting device 1 includes: a front cover 3 coupled to a
crankshaft of the engine EG; a pump impeller (input-side
fluid transmission element) 4 fixed to the front cover 3; a
turbine runner (output-side fluid transmission element) 5
that is coaxially rotatable with the pump impeller 4; a
damper hub 7 that serves as a power output member coupled
to the damper device 10 and fixed to an input shaft IS of a
transmission (power transfer device) TM that is an auto-
matic transmission (AT), a continuously variable transmis-
sion (CVT), a dual clutch transmission (DCT), a hybrid
transmission, or a speed reducer; a lock-up clutch 8; and so
forth.

[0026] In the following description, unless specifically
stated, the term “axial direction” basically indicates the
direction of extension of a center axis CA (axis; see FIG. 2)
of the starting device 1 and the damper device 10. In
addition, unless specifically stated, the term “radial direc-
tion” basically indicates the radial direction of a rotary
element such as the starting device 1 or the damper device
10, that is, the direction of extension of a line that extends
in directions (radial directions) that are orthogonal to the
center axis CA from the center axis CA of the starting device
1 or the damper device 10. Furthermore, unless specifically
stated, the term “circumferential direction” basically indi-
cates the circumferential direction of a rotary element such
as the starting device 1 or the damper device 10, that is, the
direction along the rotational direction of such a rotary
element.

[0027] The pump impeller 4 has a pump shell (not illus-
trated) tightly fixed to the front cover 3, and a plurality of
pump blades (not illustrated) disposed on the inner surface
of the pump shell. The turbine runner 5 has a turbine shell
50 (see FIG. 2), and a plurality of turbine blades (not
illustrated) disposed on the inner surface of the turbine shell
50. The inner peripheral portion of the turbine shell 50 is
fixed to a turbine hub (not illustrated) via a plurality of
rivets. The turbine hub is rotatably supported by the damper
hub 7.

[0028] The pump impeller 4 and the turbine runner 5 face
each other. A stator 6 is disposed between and coaxially with
the pump impeller 4 and the turbine runner 5. The stator 6
adjusts a flow of working oil (working fluid) from the
turbine runner 5 to the pump impeller 4. The stator 6 has a
plurality of stator blades (not illustrated). The rotational
direction of the stator 6 is set to only one direction by a
one-way clutch 61. The pump impeller 4, the turbine runner
5, and the stator 6 form a torus (annular flow passage) that
allows circulation of working oil, and function as a torque
converter (fluid transmission apparatus) with a torque ampli-
fication function. It should be noted, however, that the stator
6 and the one-way clutch 61 may be omitted from the
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starting device 1, and that the pump impeller 4 and the
turbine runner 5 may function as a fluid coupling.

[0029] The lock-up clutch 8 can establish and release
lock-up in which the front cover 3 and the damper hub 7 are
coupled to each other via the damper device 10. In the
present embodiment, the lock-up clutch 8 is constituted as a
hydraulic single-plate clutch, and has a lock-up piston
(power input member) 80 disposed inside the front cover 3
and in the vicinity of the inner wall surface of the front cover
3 on the engine EG side and fitted so as to be movable in the
axial direction with respect to the damper hub 7. A friction
material (not illustrated) is affixed to a surface of the lock-up
piston 80 on the outer peripheral side and on the front cover
3 side. A lock-up chamber (not illustrated) is defined
between the lock-up piston 80 and the front cover 3. The
lock-up chamber is connected to a hydraulic control device
(not illustrated) via a working oil supply passage and an oil
passage formed in the input shaft IS.

[0030] Working oil from the hydraulic control device,
which is supplied radially outward from the axis side of the
pump impeller 4 and the turbine runner 5 (the vicinity of the
one-way clutch 61) to the pump impeller 4 and the turbine
runner 5 (torus) via the oil passage which is formed in the
input shaft IS, can flow into the lock-up chamber of the
lock-up clutch 8. Thus, if the pressure in a fluid transmission
chamber 9 defined by the front cover 3 and the pump shell
of the pump impeller 4 and the pressure in the lock-up
chamber are kept equal to each other, the lock-up piston 80
is not moved toward the front cover 3, and the lock-up piston
80 is not frictionally engaged with the front cover 3. If the
hydraulic pressure in the fluid transmission chamber 9 is
made higher than the hydraulic pressure in a lock-up cham-
ber 89 by the hydraulic control device (not illustrated), in
contrast, the lock-up piston 80 is moved toward the front
cover 3 by a pressure difference to be frictionally engaged
with the front cover 3. Consequently, the front cover 3
(engine EG) is coupled to the damper hub 7 via the lock-up
piston 80 and the damper device 10. A hydraulic multi-plate
clutch that includes at least one friction engagement plate (a
plurality of friction materials) may be adopted as the lock-up
clutch 8. In this case, a clutch drum or a clutch hub of the
hydraulic multi-plate clutch functions as the power input
member.

[0031] The damper device 10 damps vibration between the
engine EG and the transmission TM. As illustrated in FIG.
1, the damper device 10 includes, as rotary elements (rotary
members, i.e. rotary mass bodies) that rotate coaxially
relative to each other, a drive member (input element) 11, a
first intermediate member (first intermediate element) 12, a
second intermediate member (second intermediate element)
14, and a driven member (output element) 16. The damper
device 10 further includes, as torque transfer elements
(torque transfer elastic bodies): a plurality of (e.g. three in
the present embodiment) first inner springs (first elastic
bodies) SP11 disposed between the drive member 11 and the
first intermediate member 12 to transfer rotational torque
(torque in the rotational direction); a plurality of (e.g. three
in the present embodiment) second inner springs (second
elastic bodies) SP12 disposed between the first intermediate
member 12 and the driven member 16 to transfer rotational
torque (torque in the rotational direction); a plurality of (e.g.
two in the present embodiment) first outer springs (third
elastic bodies) SP21 disposed between the drive member 11
and the second intermediate member 14 to transfer rotational
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torque; a plurality of (e.g. two in the present embodiment)
second outer springs (fourth elastic bodies) SP22 disposed
between the second intermediate member 14 and the driven
member 16 to transfer rotational torque; and a plurality of
(e.g. two in the present embodiment) intermediate springs
(fifth elastic bodies) SPm disposed between the first inter-
mediate member 12 and the second intermediate member 14
to transfer rotational torque.

[0032] In the present embodiment, linear coil springs
made of a metal material spirally wound so as to have an axis
that extends straight when no load is applied are adopted as
the first and second inner springs SP11 and SP12, the first
and second outer springs SP21 and SP22, and the interme-
diate springs SPm. Consequently, a hysteresis due to a
friction force generated between the springs which transfer
torque and the rotary elements, that is, the difference
between torque output when torque input to the drive
member 11 is increasing and torque output when torque
input to the drive member 11 is decreasing, can be reduced
by expanding and contracting the springs SP11 to SPm along
the axes more appropriately than the case where arc coil
springs are used. The hysteresis may be quantified by the
difference between torque output from the driven member
16 when the torsional angle of the damper device 10 is
brought to a predetermined angle with torque input to the
drive member 11 increasing and torque output from the
driven member 16 when the torsional angle of the damper
device 10 is brought to the predetermined angle described
above with torque input to the drive member 11 decreasing.
At least one of the springs SP11 to SPm may be an arc coil
spring. The term “axis of a spring” means the center of
winding of a metal material wound spirally in a linear coil
spring or an arc coil spring.

[0033] In the present embodiment, in addition, the first
outer springs SP21, the second outer springs SP22, and the
intermediate springs SPm are arranged side by side in the
order of SP21, SP22, SPm, SP21, SP22, and SPm, for
example, along the circumferential direction of the damper
device 10 (second intermediate member 14), and disposed in
the outer peripheral region in the fluid transmission chamber
9 in proximity to the outer periphery of the starting device
1. In this way, by disposing the intermediate springs SPm
side by side with the first and second outer springs SP21 and
SP22 on the outer peripheral side along the circumferential
direction, it is possible to secure the torsional angle (stroke)
between the first and second outer springs SP21 and SP22
and the intermediate springs SPm well. In contrast, the first
and second inner springs SP11 and SP22 are disposed on the
radially inner side of the first and second outer springs SP21
and SP22 and the intermediate springs SPm such that one
first inner spring SP11 and one second inner spring SP22 are
paired (act in series with each other), and such that the first
and second inner springs SP11 and SP22 are arranged
alternately along the circumferential direction of the damper
device 10 (first intermediate member 12), and surrounded by
the springs SP21, SP22, and SPm.

[0034] Consequently, in the damper device 10, an average
attachment radius ro of the first and second outer springs
SP21 and SP22 is larger than an average attachment radius
ri of the first and second inner springs SP11 and SP12. As
illustrated in FIG. 3, the average attachment radius ro of the
first and second outer springs SP21 and SP22 is the average
value (=(tgp,;+rsp0,)/2) of an attachment radius rgp,,; of the
first outer springs SP21, which is the distance from the



US 2018/0080524 Al

center axis CA of the damper device 10 to the axis of the first
outer springs (third elastic bodies) SP21, and an attachment
radius rgp,, of the second outer springs SP22, which is the
distance from the center axis CA to the axis of the second
outer springs (fourth elastic bodies) SP22. As illustrated in
FIG. 3, the average attachment radius ri of the first and
second inner springs SP11 and SP12 is the average value
(=(tsp1; rsp12)/2) of an attachment radius rgp;, of the first
inner springs SP11, which is the distance from the center
axis CA to the axis of the first inner springs (first elastic
bodies) SP11, and an attachment radius rg,, , of the second
inner springs SP12, which is the distance from the center
axis CA to the axis of the second inner springs (second
elastic bodies) SP12. The attachment radius rep;;, rspias
I'spays OF Ispy, Mmay be the distance between the center axis
CA and a point (e.g. the center or an end portion in the axial
direction) determined in advance on the axis of the springs
SP11, SP12, SP21, or SP22.

[0035] Inthe present embodiment, in addition, the first and
second outer springs SP21 and SP22 (and the intermediate
springs SPm) are arranged on the same circumference so
that the attachment radius rgz,, and the attachment radius
I'sps, are equal to each other, and the axis of the first outer
springs SP21 and the axis of the second outer springs SP22
are included in one plane that is orthogonal to the center axis
CA. In the present embodiment, further, the first and second
inner springs SP11 and SP12 are arranged on the same
circumference so that the attachment radius r,,, and the
attachment radius rgp, , are equal to each other, and the axis
of the first inner springs SP11 and the axis of the second
inner springs SP12 are included in one plane that is orthogo-
nal to the center axis CA. In the damper device 10, addi-
tionally, the first and second inner springs SP11 and SP12
are disposed on the radially inner side of the first and second
outer springs SP21 and SP22 so as to overlap the first and
second outer springs SP21 and SP22 in the axial direction as
seen in the radial direction. Consequently, it is possible to
make the damper device 10 compact in the radial direction,
and to shorten the axial length of the damper device 10.

[0036] It should be noted, however, that as illustrated in
FIG. 3, the attachment radius rgz,, from the center axis CA
to the axis of the first outer springs SP21 and the attachment
radius rgp,, from the center axis CA to the axis of the second
outer springs SP22 may be different from each other. In
addition, the attachment radius rgp, , from the center axis CA
to the axis of the first inner springs SP11 and the attachment
radius rgp, , from the center axis CA to the axis of the second
inner springs SP12 may be different from each other. That is,
the attachment radius rgp,,, I'sps, Of at least one of the first
and second outer springs SP21 and SP22 may be larger than
the attachment radius rgz;, r'spi, Of at least one of the first
and second inner springs SP11 and SP12. Furthermore, the
axis of the first outer springs SP21 and the axis of the second
outer springs SP22 may not be included in one plane that is
orthogonal to the center axis CA. In addition, the axis of the
first inner springs SP11 and the axis of the second inner
springs SP12 may not be included in one plane that is
orthogonal to the center axis CA. In addition, the axes of the
springs SP11, SP12, SP21, and SP22 may be included in one
plane that is orthogonal to the center axis CA, and at least
one of the axes of the springs SP11, SP12, SP21, and SP22
may not be included in the one plane.

[0037] In the present embodiment, the rigidity, that is, the
spring constant, of the first inner springs SP11 is defined as
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“k,,”, the rigidity, that is, the spring constant, of the second
inner springs SP12 is defined as “k,,”, the rigidity, that is,
the spring constant, of the first outer springs SP21 is defined
as “k,,”, and the rigidity, that is, the spring constant, of the
second outer springs SP22 is defined as “k,,”. The spring
constants k,,, k;,, k,;, and k,, are selected such that the
relations k,, =k, and k; ,/k,, =k, ,/k,, are met. More particu-
larly, the spring constants k,;, k;,, k,;, and k,, meet the
relations k,,/k,;<k,,/k,, and k;<k,,<k,,<k,,. That is, the
smaller one (k) of the spring constants k;; and k,, of the
first and second inner springs SP11 and SP12 is smaller than
the smaller one (k,,) of the spring constants k,, and k,, of
the first and second outer springs SP21 and SP22. When the
rigidity, that is, the spring constant, of the intermediate
springs SPm is defined as “k,,”, further, the spring constants
k;;» k. k,, k,, and k, meet the relation
kl 1 <km <k1 2<k22<k2 1

[0038] As illustrated in FIG. 2, the drive member 11 of the
damper device 10 includes: an annular coupling member 110
fixed to the lock-up piston 80 of the lock-up clutch 8; an
annular first plate member (first input member) 111 rotatably
supported (aligned) by the damper hub 7, for example, and
coupled so as to rotate together with the coupling member
110; and an annular second plate member (second input
member) 112 disposed in more proximity to the turbine
runner 5 than the first plate member 111 and coupled (fixed)
to the first plate member 111 via a plurality of rivets
(couplers). Consequently, the drive member 11, that is, the
first and second plate members 111 and 112, rotates together
with the lock-up piston 80, and the front cover 3 (engine EG)
and the drive member 11 of the damper device 10 are
coupled to each other through engagement of the lock-up
clutch 8. In the case where the lock-up clutch 8 is a hydraulic
multi-plate clutch, the coupling member 110 may be con-
stituted as a clutch drum of the lock-up clutch 8.

[0039] The first plate member 111 is constituted as an
annular plate-like member, and disposed in more proximity
to the lock-up piston 80 than the second plate member 112.
The first plate member 111 has a plurality of (e.g. three in the
present embodiment) inner spring housing windows 111wi,
a plurality of (e.g. four in the present embodiment) outer
spring housing windows 111wo, a plurality of (e.g. three in
the present embodiment) spring support portions 1111, a
plurality of (e.g. three in the present embodiment) spring
support portions 1112, a plurality of (e.g. four in the present
embodiment) spring support portions 1113, a plurality of
(e.g. four in the present embodiment) spring support por-
tions 1114, a plurality of (e.g. three in the present embodi-
ment) inner spring abutment portions 111¢i, and a plurality
of (e.g. four in the present embodiment) outer spring abut-
ment portions 111co.

[0040] The plurality of inner spring housing windows
111wi extend arcuately, and are disposed at intervals (equal
intervals) in the circumferential direction in the inner periph-
eral portion of the first plate member 111. The plurality of
spring support portions 1111 extend along the inner periph-
eral edges of the respective inner spring housing windows
111wi, and are arranged at intervals (equal intervals) in the
circumferential direction. The plurality of spring support
portions 1112 extend along the outer peripheral edges of the
respective inner spring housing windows 111wi, and are
arranged at intervals (equal intervals) in the circumferential
direction to face the respective spring support portions 1111
in the radial direction of the first plate member 111. In
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addition, the inner spring abutment portions 111¢i are pro-
vided such that each inner spring abutment portion 111ci is
interposed between the inner spring housing windows 111wi
(spring support portions 1111 and 1112) which are adjacent
to each other along the circumferential direction.

[0041] The plurality of outer spring housing windows
111wo extend arcuately, and are disposed at intervals in the
circumferential direction in the outer peripheral portion of
the first plate member 111 so as to be positioned on the
radially outer side with respect to the inner spring housing
windows 111wi. The plurality of spring support portions
1113 extend along the inner peripheral edges of the respec-
tive outer spring housing windows 111wo, and are arranged
at intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1114 extend along
the outer peripheral edges of the respective outer spring
housing windows 111wo, and are arranged at intervals
(equal intervals) in the circumferential direction to face the
respective spring support portions 1113 in the radial direc-
tion of the first plate member 111. In addition, the outer
spring abutment portions 111co are provided such that each
outer spring abutment portion 111co is interposed between
the outer spring housing windows 111wo (spring support
portions 1113 and 1114) which are adjacent to each other
along the circumferential direction.

[0042] The second plate member 112 is constituted as an
annular plate-like member, and disposed in more proximity
to the turbine runner 5 than the first plate member 111. The
second plate member 112 has a plurality of (e.g. three in the
present embodiment) inner spring housing windows 112wi,
a plurality of (e.g. four in the present embodiment) outer
spring housing windows 112wo, a plurality of (e.g. three in
the present embodiment) spring support portions 1121, a
plurality of (e.g. three in the present embodiment) spring
support portions 1122, a plurality of (e.g. four in the present
embodiment) spring support portions 1123, a plurality of
(e.g. four in the present embodiment) spring support por-
tions 1124, a plurality of (e.g. three in the present embodi-
ment) inner spring abutment portions 112¢i, and a plurality
of (e.g. four in the present embodiment) outer spring abut-
ment portions 112co.

[0043] The plurality of inner spring housing windows
112wi extend arcuately, and are disposed at intervals (equal
intervals) in the circumferential direction in the inner periph-
eral portion of the second plate member 112. The plurality
of spring support portions 1121 extend along the inner
peripheral edges of the respective inner spring housing
windows 112wi, and are arranged at intervals (equal inter-
vals) in the circumferential direction. The plurality of spring
support portions 1122 extend along the outer peripheral
edges of the respective inner spring housing windows 112wi,
and are arranged at intervals (equal intervals) in the circum-
ferential direction to face the respective spring support
portions 1121 in the radial direction of the second plate
member 112. In addition, the inner spring abutment portions
112¢i are provided such that each inner spring abutment
portion 112¢i is interposed between the inner spring housing
windows 112wi (spring support portions 1121 and 1122)
which are adjacent to each other along the circumferential
direction.

[0044] The plurality of outer spring housing windows
112wo extend arcuately, and are disposed at intervals in the
circumferential direction in the outer peripheral portion of
the second plate member 112 so as to be positioned on the
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radially outer side with respect to the inner spring housing
windows 112wi. The plurality of spring support portions
1123 extend along the inner peripheral edges of the respec-
tive outer spring housing windows 112wo, and are arranged
at intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1124 extend along
the outer peripheral edges of the respective outer spring
housing windows 112wo, and are arranged at intervals
(equal intervals) in the circumferential direction to face the
respective spring support portions 1123 in the radial direc-
tion of the second plate member 112. In addition, the outer
spring abutment portions 112co are provided such that each
outer spring abutment portion 112co is interposed between
the outer spring housing windows 112wo (spring support
portions 1123 and 1124) which are adjacent to each other
along the circumferential direction.

[0045] As illustrated in FIG. 2, the first intermediate
member 12 includes: a plate-like annular member 121
disposed between the first and second plate members 111
and 112 of the drive member 11 in the axial direction and
rotatably supported (aligned) by the damper hub 7, for
example; and a coupling member 122 fixed to the turbine
runner 5. The annular member 121 which constitutes the first
intermediate member 12 has: a plurality of (e.g. three in the
present embodiment) spring housing windows; a plurality of
(e.g. three in the present embodiment) spring abutment
portions 121¢ disposed at intervals in the circumferential
direction; a support portion 12s in a short tube shape that
extends in the axial direction on the radially outer side with
respect to the spring abutment portions 121¢; and a plurality
of (e.g. four in the present embodiment) second spring
abutment portions 1214 that extend radially outward from
the distal end of the support portion 125 away from the
spring abutment portions 121¢ in the axial direction. The
plurality of spring abutment portions 121¢ are provided such
that each spring abutment portion 121c¢ is interposed
between the spring housing windows which are adjacent to
each other along the circumferential direction. The second
spring abutment portions 121d are formed symmetrically
with respect to the axis of the annular member 121 such that
two (a pair of) second spring abutment portions 1214 are
proximate to each other. The two second spring abutment
portions 121d which are paired with each other are arranged
in the circumferential direction at an interval that matches
the natural length of the intermediate spring SPm, for
example.

[0046] The coupling member 122 which constitutes the
first intermediate member 12 has: an annular fixed portion
(annular portion) fixed by welding, for example, to the
turbine shell 50 of the turbine runner 5; and a plurality of
(e.g. three at intervals of 120° in the present embodiment)
spring abutment portions 122¢ that extend in the axial
direction from the outer peripheral portion of the fixed
portion at intervals in the circumferential direction. As
illustrated in FIG. 2, the spring abutment portions 122¢ of
the coupling member 122 are inserted into the respective
inner spring housing windows 112wi of the second plate
member 112 from the turbine runner 5 side, and fitted with
associated recessed portions formed in end surfaces (sur-
faces for abutment with springs) of the spring abutment
portions 121¢ of the annular member 121. Consequently, the
annular member 121 and the coupling member 122 which is
fixed to the turbine runner 5 are coupled so as to rotate
together with each other.
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[0047] The second intermediate member 14 is an annular
plate-like member, and has a moment of inertia that is
smaller than that of the annular member 121 of the first
intermediate member 12. As illustrated in FIG. 2, the second
intermediate member 14 has: a plurality of (e.g. two at
intervals of 180° in the present embodiment) spring abut-
ment portions 14c¢ that extend radially inward from an
annular outer peripheral portion at intervals in the circum-
ferential direction; and a plurality of (e.g. four in the present
embodiment) second spring abutment portions 144 that
extend radially inward from portions of the annular outer
peripheral portion located between the spring abutment
portions 14¢ which are adjacent to each other in the circum-
ferential direction. The plurality of second spring abutment
portions 14d are formed symmetrically with respect to the
axis of the second intermediate member 14 such that two (a
pair of) second spring abutment portions 144 are proximate
to each other. The two second spring abutment portions 144
which are paired with each other are arranged in the cir-
cumferential direction at an interval that matches the natural
length of the intermediate spring SPm, for example. The
second intermediate member 14 is disposed between the first
and second plate members 111 and 112 of the drive member
11 in the axial direction. The inner peripheral surfaces of the
spring abutment portions 14¢ and the second spring abut-
ment portions 144 are rotatably supported (aligned) by the
outer peripheral surface of the support portion 12s of the
annular member 121 (first intermediate member 12)
described above.

[0048] The driven member 16 is constituted as an annular
plate-like member. As illustrated in FIG. 2, the driven
member 16 is disposed between the first plate member 111
and the second plate member 112 of the drive member 11 in
the axial direction, and fixed to the damper hub 7 via a
plurality of rivets. Consequently, the driven member 16 is
rotated together with the damper hub 7. The driven member
16 has: a plurality of (e.g. three in the present embodiment)
spring housing windows that extend arcuately along the
inner peripheral edge of the driven member 16 and that are
disposed at intervals (equal intervals) in the circumferential
direction; a plurality of (e.g. three in the present embodi-
ment) inner spring abutment portions (inner abutment por-
tions) 16¢i disposed at intervals (equal intervals) in the
circumferential direction; and a plurality of (e.g. four in the
present embodiment) outer spring abutment portions (outer
abutment portions) 16co. The plurality of inner spring
abutment portions 16c¢i are provided such that each inner
spring abutment portion 16¢i is interposed between the
spring housing windows which are adjacent to each other
along the circumferential direction. The plurality of outer
spring abutment portions 16co are arranged at intervals in
the circumferential direction on the radially outer side with
respect to the plurality of inner spring abutment portions
16c¢i, and extend in the radial direction.

[0049] The first and second inner springs SP11 and SP12
are supported by the associated spring support portions 1111,
1112, 1121, and 1122 of the drive member 11, that is, the first
and second plate members 111 and 112, such that one first
inner spring SP11 and one second inner spring SP12 are
paired (act in series with each other) and such that the first
and second inner springs SP11 and SP12 are arranged
alternately in the circumferential direction (circumferential
direction of the annular member 121). That is, as illustrated
in FIG. 2, the plurality of spring support portions 1111 of the
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first plate member 111 support (guide) the side portions of
the associated first and second inner springs SP11 and SP12
(one each) on the lock-up piston 80 side from the inner
peripheral side. In addition, the plurality of spring support
portions 1112 support (guide) the side portions of the
associated first and second inner springs SP11 and SP12 on
the lock-up piston 80 side from the outer peripheral side.
Furthermore, as illustrated in FIG. 2, the plurality of spring
support portions 1121 of the second plate member 112
support (guide) the side portions of the associated first and
second inner springs SP11 and SP12 (one each) on the
turbine runner 5 side from the inner peripheral side. In
addition, the plurality of spring support portions 1122 sup-
port (guide) the side portions of the associated first and
second inner springs SP11 and SP12 on the turbine runner 5
side from the outer peripheral side.

[0050] Furthermore, with the damper device 10 in the
attached state, the inner spring abutment portions 111¢i of
the first plate member 111 are each provided between the
first and second inner springs SP11 and SP12, which are
disposed in the inner spring housing windows 111wi which
are different from each other and which are not paired (do
not act in series with each other), to abut against the end
portions (end portions in the deflection direction; the same
applies hereinafter) of such first and second inner springs
SP11 and SP12 in the circumferential direction. Similarly,
with the damper device 10 in the attached state, the inner
spring abutment portions 112¢i of the second plate member
112 are each also provided between the first and second
inner springs SP11 and SP12, which are disposed in the
inner spring housing windows 112wi which are different
from each other (not paired), to abut against the end portions
of such first and second inner springs SP11 and SP12 in the
circumferential direction. In addition, the spring abutment
portions 121¢ of the annular member 121 which constitutes
the first intermediate member 12 and the spring abutment
portions 122¢ of the coupling member 122 are each provided
between the first and second inner springs SP11 and SP12,
which are paired with each other (act in series with each
other), to abut against the end portions of such first and
second inner springs SP11 and SP12 in the circumferential
direction.

[0051] That is, with the damper device 10 in the attached
state, the first end portion of each first inner spring SP11
abuts against the associated inner spring abutment portions
111¢i and 112¢i of the drive member 11, and the second end
portion of each first inner spring SP11 abuts against the
associated spring abutment portions 121¢ and 122¢ of the
first intermediate member 12. Furthermore, with the damper
device 10 in the attached state, the first end portion of each
second inner spring SP12 abuts against the associated spring
abutment portions 121¢ and 122¢ of the first intermediate
member 12, and the second end portion of each second inner
spring SP12 abuts against the associated inner spring abut-
ment portions 111¢i and 112¢i of the drive member 11.

[0052] Meanwhile, the first and second outer springs SP21
and SP22 are supported by the associated spring support
portions 1113, 1114, 1123, and 1124 of the drive member 11,
that is, the first and second plate members 111 and 112, such
that one first outer spring SP21 and one second outer spring
SP22 are paired (act in series with each other) and such that
the first and second outer springs SP21 and SP22 are
arranged alternately in the circumferential direction (cir-
cumferential direction of the second intermediate member
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14). That is, as illustrated in FIG. 2, the plurality of spring
support portions 1113 of the first plate member 111 support
(guide) the side portions of the associated first and second
outer springs SP21 and SP22 (one each) on the lock-up
piston 80 side from the inner peripheral side. In addition, the
plurality of spring support portions 1114 support (guide) the
side portions of the associated first and second outer springs
SP21 and SP22 on the lock-up piston 80 side from the outer
peripheral side. Furthermore, as illustrated in FIG. 2, the
plurality of spring support portions 1123 of the second plate
member 112 support (guide) the side portions of the asso-
ciated first and second outer springs SP21 and SP22 (one
each) on the turbine runner 5 side from the inner peripheral
side. In addition, the plurality of spring support portions
1124 support (guide) the side portions of the associated first
and second outer springs SP21 and SP22 on the turbine
runner 5 side from the outer peripheral side.

[0053] Furthermore, with the damper device 10 in the
attached state, the outer spring abutment portions 111co of
the first plate member 111 are each provided between the
first and second outer springs SP21 and SP22, which are
disposed in the inner spring housing windows 111wi which
are different from each other and which are not paired (do
not act in series with each other), to abut against the end
portions of such first and second outer springs SP21 and
SP22 in the circumferential direction. Similarly, with the
damper device 10 in the attached state, the outer spring
abutment portions 112co of the second plate member 112 are
also provided between the first and second outer springs
SP21 and SP22, which are disposed in the inner spring
housing windows 112wi which are different from each other
(not paired), to abut against the end portions of such first and
second outer springs SP21 and SP22 in the circumferential
direction. In addition, the spring abutment portions 14c¢ of
the second intermediate member 14 are each provided
between the first and second outer springs SP21 and SP22,
which are paired with each other (act in series with each
other), to abut against the end portions of such first and
second outer springs SP21 and SP22 in the circumferential
direction.

[0054] That is, with the damper device 10 in the attached
state, the first end portion of each first outer spring SP21
abuts against the associated outer spring abutment portions
111co and 112¢o of the drive member 11, and the second end
portion of each first outer spring SP21 abuts against the
associated spring abutment portion 14¢ of the second inter-
mediate member 14. Furthermore, with the damper device
10 in the attached state, the first end portion of each second
outer spring SP22 abuts against the associated spring abut-
ment portion 14¢ of the second intermediate member 14, and
the second end portion of each second outer spring SP22
abuts against the associated outer spring abutment portions
111co and 112co of the drive member 11.

[0055] In addition, with the damper device 10 in the
attached state, as with the inner spring abutment portions
111¢i and 112¢i of the drive member 11, the inner spring
abutment portions 16¢i of the driven member 16 are each
provided between the first and second inner springs SP11
and SP12, which are not paired (do not act in series with
each other), to abut against the end portions of such first and
second inner springs SP11 and SP12 in the circumferential
direction. Furthermore, as with the outer spring abutment
portions 111co and 112co of the drive member 11, the outer
spring abutment portions 16co of the driven member 16 are
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each provided between the first and second outer springs
SP21 and SP22, which are not paired (do not act in series
with each other), to abut against the end portions of such first
and second outer springs SP21 and SP22 in the circumfer-
ential direction.

[0056] That is, with the damper device 10 in the attached
state, the first end portion of the first inner spring SP11 and
the second end portion of the second inner spring SP12
which is paired with the first inner spring SP11 abut against
the associated inner spring abutment portions 16c¢i of the
driven member 16, and the first end portion of the first outer
spring SP21 and the second end portion of the second outer
spring SP22 which is paired with the first outer spring SP21
abut against the associated outer spring abutment portions
16co of the driven member 16. As a result, with the damper
device 10 in the attached state, the driven member 16 is
coupled to the drive member 11 via the plurality of first inner
springs SP11, the first intermediate member 12 (the annular
member 121 and the coupling member 122), and the plu-
rality of second inner springs SP12, and coupled to the drive
member 11 via the plurality of first outer springs SP21, the
second intermediate member 14, and the plurality of second
outer springs SP22.

[0057] The intermediate springs SPm are supported by the
associated spring support portions 1113, 1114, 1123, 1124 of
the drive member 11, that is, the first and second plate
members 111 and 112, such that the intermediate springs
SPm are arranged side by side with the first outer springs
SP21 and the second outer springs SP22 along the circum-
ferential direction. With the damper device 10 in the
attached state, each intermediate spring SPm is supported
from both sides in the circumferential direction by the pair
of second spring abutment portions 1214 of the first inter-
mediate member 12 (annular member 121), and supported
from both sides in the circumferential direction by the pair
of second spring abutment portions 144 of the second
intermediate member 14. Consequently, the first intermedi-
ate member 12 and the second intermediate member 14 are
coupled to each other via the plurality of intermediate
springs SPm. As illustrated in FIG. 1, spring seats Ss may be
disposed between the end portions of the intermediate
springs SPm and the second spring abutment portions 121d
and 14d.

[0058] Further, as illustrated in FIG. 1, the damper device
10 includes: a first stopper 21 that restricts relative rotation
between the first intermediate member 12 and the driven
member 16 and deflection of the second inner springs SP12;
a second stopper 22 that restricts relative rotation between
the second intermediate member 14 and the driven member
16 and deflection of the second outer springs SP22; and a
third stopper 23 that restricts relative rotation between the
drive member 11 and the driven member 16. The first and
second stoppers 21 and 22 are configured to restrict relative
rotation between the associated rotary elements and deflec-
tion of the springs generally at the same time as input torque
transferred from the engine EG to the drive member 11 has
reached torque (a first threshold) T1 that is determined in
advance and that is less than torque T2 (a second threshold)
corresponding to a maximum torsional angle 6max of the
damper device 10. In addition, the third stopper 23 is
configured to restrict relative rotation between the drive
member 11 and the driven member 16 when torque input to
the drive member 11 has reached the torque T2 correspond-
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ing to the maximum torsional angle Omax. Consequently, the
damper device 10 has damping characteristics in two stages.
[0059] In the damper device 10, as discussed above, the
average attachment radius ro of the first and second outer
springs SP21 and SP22, the rigidity of which is higher (the
spring constant of which is larger) than that of the first and
second inner springs SP11 and SP12, is determined to be
larger than the average attachment radius ri of the first and
second inner springs SP11 and SP12. That is, the axis of the
first and second outer springs SP11 and SP12 which have a
spring constant (rigidity) that is larger than that of the first
and second inner springs SP21 and SP22 is positioned on the
outer side, in the radial direction of the damper device 10,
with respect to the axis of the first and second inner springs
SP21 and SP22. In the damper device 10, further, the first
and second outer springs SP11 and SP12 are disposed such
that the entire first and second outer springs SP11 and SP12
are positioned on the radially outer side with respect to the
first and second inner springs SP21 and SP22. Consequently,
it is possible to increase the torsional angle (stroke) of the
first and second outer springs SP21 and SP22, and thus it is
possible to lower the rigidity of the first and second outer
springs SP21 and SP22 while allowing transfer of large
torque to the drive member 11.

[0060] In the damper device 10, in addition, the annular
member 121 of the first intermediate member 12, the second
intermediate member 14, and the driven member 16 are
disposed between the first and second plate members 111
and 112 of the drive member 11 in the axial direction. With
the damper device 10 which has such a configuration, a
friction force generated between the first and second plate
members 111 and 112 and the springs SP11, SP12, SP21, and
SP22 because of a centrifugal force, in particular, can be
reduced by elaborating on the shape of the spring abutment
portions 121¢ and 14¢ of the first and second intermediate
members 12 and 14 and the inner and outer spring abutment
portions 16¢i and 16co of the driven member 16. As a result,
it is possible to lower the hysteresis of the entire damper
device 10 well.

[0061] Furthermore, in the damper device 10, as illustrated
in FIG. 2, the inner and outer spring abutment portions
111ci, 112¢i, 111co, and 112co of the drive member 11, the
spring abutment portions 121¢ and 14¢ of the first and
second intermediate members 12 and 14, and the inner and
outer spring abutment portions 16¢i and 16co of the driven
member 16 extend in the radial direction of the damper
device 10. Thus, the spring abutment portions 111¢i, 112¢i,
111co, 112¢co, 121c, 14c¢, 16¢i, and 16co can press the
associated springs SP11, SP12, SP21, and SP22 so as to be
expanded and contracted appropriately along the axes. In the
damper device 10, additionally, the second spring abutment
portions 1214 and 144 of the first and second intermediate
members 12 and 14 also extend in the radial direction of the
damper device 10. Thus, it is possible for the second spring
abutment portions 1214 and 144 to press the intermediate
springs SPm so as to be expanded and contracted appropri-
ately along the axis. As a result, the vibration damping
performance of the damper device 10 can be improved.

[0062] In addition, in the damper device 10, as illustrated
in FIG. 2, the spring abutment portions 121¢ of the first
intermediate member 12 (annular member 121) and the
inner spring abutment portions 16¢i of the driven member 16
overlap each other in the axial direction as seen in the radial
direction, and the second spring abutment portions 121d of
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the first intermediate member 12 (annular member 121) and
the outer spring abutment portions 16co of the driven
member 16 overlap each other in the axial direction as seen
in the radial direction. Additionally, the second intermediate
member 14 is disposed side by side in the axial direction
with the second spring abutment portions 1214 of the first
intermediate member 12 and the outer spring abutment
portions 16co of the driven member 16. Consequently, it is
possible to shorten the axial length of the damper device 10.

[0063] The damper device 10 further includes the coupling
member 122 which has the spring abutment portions 122¢
which are fixed to the turbine runner 5 and which are each
provided between the first and second inner springs SP11
and SP12, which are adjacent to each other, to abut against
the end portions of such first and second inner springs SP11
and SP12 in the circumferential direction. Consequently, it
is possible to couple the first intermediate member 12 to both
the first and second inner springs SP11 and SP12, which are
disposed on the radially inner side, and to couple the first
intermediate member 12 to the turbine runner 5 while
suppressing an increase in the axial length of the damper
device 10. By coupling the turbine runner 5 (and the turbine
hub) to the first intermediate member 12, the substantial
moment of inertia of the first intermediate member 12 (the
total of the moments of inertia of the annular member 121,
the coupling member 122, the turbine runner 5, and so forth)
can be further increased. In addition, by causing both the
spring abutment portions 121¢ of the annular member 121
and the spring abutment portions 122¢ of the coupling
member 122 to abut against the end portions of the first and
second outer springs SP21 and SP22, it is possible to
smoothly expand and contract the first and second outer
springs SP21 and SP22.

[0064] Next, operation of the damper device 10 will be
described. In the starting device 1, when lock-up by the
lock-up clutch 8 is released, for example, rotational torque
(power) transferred from the engine EG to the front cover 3
is transferred to the input shaft IS of the transmission TM via
a path that includes the pump impeller 4, the turbine runner
5, the first intermediate member 12, the second inner springs
SP12, the driven member 16, and the damper hub 7 and a
path that includes the pump impeller 4, the turbine runner 5,
the first intermediate member 12, the intermediate springs
SPm, the second intermediate member 14, the second outer
springs SP22, the driven member 16, and the damper hub 7.
When lock-up is established by the lock-up clutch 8 of the
starting device 1, in contrast, rotational torque (input torque)
transferred from the engine EG to the drive member 11 via
the front cover 3 and the lock-up clutch 8 (lock-up piston 80)
is transferred to the driven member 16 and the damper hub
7 via all the springs SP11 to SPm until torque input to the
drive member 11 reaches the torque T1 described above, that
is, while deflection of all of the first and second inner springs
SP11 and SP12, the first and second outer springs SP21 and
SP22, and the intermediate springs SPm is allowed.

[0065] That is, during a period before input torque reaches
the torque T1 during establishment of lock-up, the first inner
springs (first elastic bodies) SP11 transfer rotational torque
from the drive member 11 to the first intermediate member
12, and the second inner springs (second elastic bodies)
SP12 transfer rotational torque from the first intermediate
member 12 to the driven member 16. In addition, the first
outer springs (third elastic bodies) SP21 transfer rotational
torque from the drive member 11 to the second intermediate



US 2018/0080524 Al

member 14, and the second outer springs (fourth elastic
bodies) SP22 transfer rotational torque from the second
intermediate member 14 to the driven member 16. Thus, as
illustrated in FIG. 4, the damper device 10 has, as torque
transfer paths between the drive member 11 and the driven
member 16, a first torque transfer path P1 that includes the
first inner springs SP11, the first intermediate member 12,
and the second inner springs SP12 and a second torque
transfer path P2 that includes the first outer springs SP21, the
second intermediate member 14, and the second outer
springs SP22.

[0066] In the damper device 10, in addition, as discussed
above, the spring constants k,,, k;,, k,;, and k,, of the first
and second inner springs SP11 and SP12 and the first and
second outer springs SP21 and SP22 meet the relation
k,<k,,<k,,<k,,. Therefore, when torque is transferred to
the drive member 11 during a period before input torque
reaches the torque T1 during establishment of lock-up, as
illustrated in FIG. 4, the second intermediate member 14 is
(slightly) twisted with respect to the first intermediate mem-
ber 12 toward the advancing direction side (toward the
downstream side) in the rotational direction (the rotational
direction at the time when the vehicle travels forward).
Consequently, the intermediate springs SPm are each
pressed by one of the pair of second spring abutment
portions 144 of the second intermediate member 14 on the
side opposite to the advancing direction side in the rotational
direction described above, toward one of the pair of second
spring abutment portions 1214 of the first intermediate
member 12 on the advancing direction side in the rotational
direction. That is, before input torque reaches the torque T1
during execution of lock-up, the intermediate springs SPm
transfer a part of torque (a part of average torque) transferred
from the drive member 11 to the second intermediate
member 14 via the first outer springs SP21, to the first
intermediate member 12. Thus, the damper device 10 has a
third torque transfer path P3 that includes the first outer
springs SP21, the second intermediate member 14, the
intermediate springs SPm, the first intermediate member 12,
and the second inner springs SP12.

[0067] As a result, during a period before torque input to
the drive member 11 reaches the torque T1 described above
during establishment of lock-up, torque is transferred from
the drive member 11 to the driven member 16 via the first,
second, and third torque transfer paths P1, P2, and P3. More
particularly, while deflection of all of the springs SP11 to
SPm is allowed, rotational torque from the first inner springs
SP11 and rotational torque from the first outer springs SP21,
the second intermediate member 14, and the intermediate
springs SPm are transferred to the second inner springs
SP12. In addition, rotational torque from the first outer
springs SP21 is transferred to the second outer springs SP22.
While deflection of all of the springs SP11 to SPm is
allowed, fluctuations in torque transferred to the drive mem-
ber 11 are damped (absorbed) by the springs SP11 to SPm.
Consequently, it is possible to improve the vibration damp-
ing performance of the damper device 10 well when input
torque transferred to the drive member 11 is relatively small
and the rotational speed of the drive member 11 is low.

[0068] In addition, when the first and second stoppers 21
and 22 are caused to operate with torque input to the drive
member 11 reaching the torque T1 described above, relative
rotation between the first intermediate member 12 and the
driven member 16 and deflection of the second inner springs
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SP12 are restricted by the first stoppers 21, and relative
rotation between the second intermediate member 14 and the
driven member 16 and deflection of the second outer springs
SP22 are restricted by the second stoppers 22. Consequently,
deflection of the intermediate springs SPm is also restricted
with relative rotation of the first and second intermediate
members 12 and 14 with respect to the driven member 16
restricted. Thus, the first inner springs SP11 and the first
outer springs SP21 act in parallel with each other to damp
(absorb) fluctuations in torque transferred to the drive mem-
ber 11 since torque input to the drive member 11 reaches the
torque T1 described above until the input torque reaches the
torque T2 described above to cause the third stoppers 23 to
operate.

[0069] Subsequently, the procedure for designing the
damper device 10 will be described.

[0070] Inthe damper device 10, as discussed above, while
deflection of all of the first and second inner springs SP11
and SP12, the first and second outer springs SP21 and SP22,
and the intermediate springs SPm is allowed, torque (aver-
age torque) is transferred between the drive member 11 and
the driven member 16 via all of the springs SP11 to SPm.
The inventors diligently studied and analyzed the damper
device 10 which had complicated torque transfer paths
which were neither series nor parallel. As a result, the
inventors found that such a damper device 10 had two
natural frequencies for the entire device while deflection of
all of the springs SP11 to SPm was allowed. In addition,
according to the studies and the analyses conducted by the
inventors, also in the damper device 10, when resonance (in
the present embodiment, resonance of the first intermediate
member 12 at the time when the first and second interme-
diate members 12 and 14 are vibrated in phase with each
other) at the lower one of the two natural frequencies (a
natural frequency on the low-rotation side (low-frequency
side) is generated in accordance with the frequency of
vibration transferred to the drive member 11, the phase of
vibration transferred from the second inner springs SP12 to
the driven member 16 and the phase of vibration transferred
from the second outer springs SP22 to the driven member 16
are shifted from each other. Therefore, as the rotational
speed of the drive member 11 becomes higher after reso-
nance at the lower one of the two natural frequencies is
generated, one of vibration transferred from the second inner
springs SP12 to the driven member 16 and vibration trans-
ferred from the second outer springs SP22 to the driven
member 16 cancels out at least a part of the other.

[0071] With such findings, the inventors formulated an
equation of motion indicated by the following formula (1)
for a vibration system that included the damper device 10 in
which torque was transferred from the engine (internal
combustion engine) EG to the drive member 11 through
establishment of lock-up. In the formula (1), “J,” is the
moment of inertia of the drive member 11, “J,,” is the
moment of inertia of the first intermediate member 12, “J,,”
is the moment of inertia of the second intermediate member
14, and “J;” is the moment of inertia of the driven member
16. In addition, “0,” is the torsional angle of the drive
member 11, “0,,” is the torsional angle of the first interme-
diate member 12, “0,,” is the torsional angle of the second
intermediate member 14, and “0,” is the torsional angle of
the driven member 16. Furthermore, “k,” is the synthetic
spring constant of the plurality of first inner springs SP11
which are provided between the drive member 11 and the
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first intermediate member 12 to act in parallel with each
other, “k,” is the synthetic spring constant of the plurality of
second inner springs SP12 which are provided between the
first intermediate member 12 and the driven member 16 to
act in parallel with each other, “k,” is the synthetic spring
constant of the plurality of first outer springs SP21 which are
provided between the drive member 11 and the second
intermediate member 14 to act in parallel with each other,
“k,” is the synthetic spring constant of the plurality of
second outer springs SP22 which are provided between the
second intermediate member 14 and the driven member 16
to act in parallel with each other, “ks” is the synthetic spring
constant (rigidity) of the plurality of intermediate springs
SPm which are provided between the first intermediate
member 12 and the second intermediate member 14 to act in

[Expression 2]

T = Tysin wr

parallel with each other, “k;” is the rigidity, that is, the
spring constant, of the transmission TM, a drive shaft, etc.
which are disposed between the driven member 16 and the
wheels of the vehicle, and “T” is input torque transferred
from the engine EG to the drive member 11.

[Expression 1]

b M

J 0 0 0
0 Jy 0 0|8y
+
00 Jn 0| gy,
00 0 gy
ki +hs  —k ks 0 b T
ki ki thy+ks —ks —ky By 0
—ks —ks ks + kg +ks —ky B | |0
0 —ky ke korkarke )| 0
3
[0072] Furthermore, the inventors assumed that the input

torque T was vibrated periodically as indicated by the
following formula (2), and assumed that the torsional angle
0, of the drive member 11, the torsional angle 0,, of the first
intermediate member 12, the torsional angle 6,, of the
second intermediate member 14, and the torsional angle 0,
of the driven member 16 responded (were vibrated) peri-
odically as indicated by the following formula (3). In the
formulae (2) and (3), “co” is the angular frequency of
periodic fluctuations (vibration) of the input torque T. In the

01 O
021 Oy |,
= sin wr

02 &%)
03 ©;
—w2J1 +k1 +k3 —k1

—k1 —w2J21 +k1 +k2 +k5

ks —ks

0 —ky
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formula (3), “©,” is the amplitude (vibration amplitude, i.e.
maximum torsional angle) of vibration of the drive member
11 caused along with transfer of torque from the engine EG,
“0,,” is the amplitude (vibration amplitude) of vibration of
the first intermediate member 12 caused as torque from the
engine EG is transferred to the drive member 11, “0,,” is
the amplitude (vibration amplitude) of vibration of the
second intermediate member 14 caused as torque from the
engine EG is transferred to the drive member 11, and “®;”
is the amplitude (vibration amplitude) of vibration of the
driven member 16 caused as torque from the engine EG is
transferred to the drive member 11. Under such assumptions,
an identity of the following formula (4) can be obtained by
substituting the formulae (2) and (3) into the formula (1) and
dividing both sides by “sin wt”.

2)

(3)

ks 0 o\ (T )
—ks —ka Oy 0
0Py ks +hy ks —k, Ox| |0
—ky — s kg g kg N O3 0

[0073] The inventors then focused on the fact that, if the
vibration amplitude ®; of the driven member 16 in the
formula (4) became zero, no vibration was transferred in
theory to the transmission TM, the drive shaft, etc. in a stage
subsequent to the driven member 16 with vibration from the
engine EG damped by the damper device 10. Thus, from
such a viewpoint, the inventors obtained a conditional
expression indicated by the following formula (5) by solving
the identity of the formula (4) for the vibration amplitude 6,
and setting ©, to zero. In the case where the relationship of
the formula (5) is met, vibrations from the engine EG
transferred from the drive member 11 to the driven member
16 via the first, second, and third torque transfer paths P1,
P2, and P3 cancel out each other, and the vibration ampli-
tude O, of the driven member 16 becomes zero in theory.

[Expression 3]

o ks (ki +k3)- (ko +ka) + kikoks + kikoka + kikska + kokaky (5)
W =
Jatkska + Jnnkiky

[0074] From such analysis results, it is understood that,
with the damper device 10 configured as discussed above, an
antiresonance point A at which the vibration amplitude ©3
(torque fluctuations) of the driven member 16 becomes zero
in theory as indicated in FIG. 5 may be set with the phase
of vibration transferred from the second inner springs SP12
to the driven member 16 and the phase of vibration trans-
ferred from the second outer springs SP22 to the driven
member 16 are shifted by 180 degrees (inverted) from each
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other through generation of resonance at the lower one of the
two natural frequencies so that the vibrations cancel out each
other. In addition, by defining the frequency of the antireso-
nance point A as “fa” and substituting “w=2xfa” into the
formula (5) given above, the frequency fa of the antireso-
nance point A is represented by the following formula (6).
FIG. 5 indicates an example of the relationship between the
rotational speed of the engine EG and the vibration ampli-
tude (torque fluctuations) in theory (under the assumption
that no hysteresis is provided) of the driven members of the
damper device according to the present disclosure and a
damper device from which the intermediate springs SPm
have been omitted (the damper device described in Patent
Document 1; hereinafter referred to as a “damper device
according to a comparative example”).

[Expression 4]

fa= (6

L ks (ki +k3) Uy + k) + kikoks + kykoky + kiksky + kaksky
rs - J21k3k4 + J22k1k2

[0075] If it is assumed that the torsional angle 0, of the
drive member 11 and the torsional angle 6, of the driven
member 16 are zero and both displacements of the drive
member 11 and the driven member 16 are zero, meanwhile,
the formula (1) can be transformed into the following
formula (7). Furthermore, if it is assumed that the first and
second intermediate members 12 and 14 are vibrated in
harmony with each other as indicated by the following
formula (8), an identity of the following formula (9) can be
obtained by substituting the formula (8) into the formula (7)
and dividing both sides by “sin wt”.

[Expression 5]

(J21 0 ] By (kl vhytks  —ks ] o
+
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[0076] In the case where the first and second intermediate
members 12 and 14 are vibrated in harmony with each other,
both the amplitudes ©,, and ©,, are not zero. Thus, the
determinant of the square matrix on the left side of the
formula (9) is zero, and a conditional expression of the
following formula (10) must be met. Such a formula (10) is
a quadratic equation for the square value w® of two natural
angular frequencies of the damper device 10. Thus, the two
natural angular frequencies w, and w, of the damper device
10 are represented by the following formulae (11) and (12),
and o, <w, is met. As a result, if the frequency of resonance
(resonance point R1) that causes the resonance point A, that
is, the natural frequency of the first intermediate member 12,
is defined as “f,,”, and if the frequency of resonance
(resonance point R2) generated on the high-rotation side
with respect to the antiresonance point A, that is, the natural
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frequency of the second intermediate member 14, is defined
as “f,,”, the natural frequency f,, on the low-rotation side
(low-frequency side) is represented by the following for-
mula (13), and the natural frequency f,, (f,,>f,;) on the
high-rotation side (high-frequency side) is represented by
the following formula (14).

[Expression 6]

(w2 dyy + ki +hy + ks)(—wPdy + k3 + kg +ks) —k2 =0 (10)
btk +ks ks ke ths (1n
1 Jay I
w] = =
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Jn J21 Jordx
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wy= | =
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I 2 Ja1dn
ki +ky +hks ks +kat+ks 13
1 25 * 20
f21 =5z P )
o \/(k3+k4+k5 k1+k2+k5] 2
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+
; L 203 20y
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[0077] Inaddition, an equivalent rigidity k,,, of the damper
device 10 at the time when deflection of all of the first and
second inner springs SP11 and SP12, the first and second
outer springs SP21 and SP22, and the intermediate springs
SPm is allowed can be obtained as follows. That is, if it is
assumed that constant input torque T=T, (static external
force) is transferred to the drive member 11, and if it is
assumed that the balanced relationship indicated by the
following formula (15) is met, an identity of the following
formula (16) can be obtained by substituting T=T, and the
formula (15) into the formula (1).

[Expression 7]

6, (N (15)
21| | O
02| | On
03 ©;
itk —k ks 0 o, Ts (16)
—ky ki +ky+ks —ks —ky O, 0
ks ks ksthg ks —ky | |0
0 —ky —ky ko +ka+kg )\ O3 0

[0078] Furthermore, a relation T,=k,_ (©,-0;) is met
among the torque Ty, the equivalent rigidity k,, of the
damper device 10, the vibration amplitude (torsional angle)
©, of the drive member 11, and the vibration amplitude
(torsional angle) ®; of the driven member 16. Furthermore,
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when the identity of the formula (16) is solved for the
vibration amplitudes (torsional angles) ®, and 0,, “0,-0,”
is represented by the following formula (17). Thus, the
equivalent rigidity k,, of the damper device 10 is repre-
sented by the following formula (18) using T,=k,,(©,-65)
and the formula (17).

[Expression 8]

O O = {hs - (ky + ky + k3 + kg) + (ky + ko) (k3 + kg)}To amn
LT3 = halhy + Ha) (ks + k) + (ky ook + Kykaka + Ky sk + akska)
- stk + kYo 4 k) ¥ (akoks +hikak +kikoks +Kaksk)  (18)
- k5-(k1 +ky + k3 +k4)+(k1 +k2)(k3 +k4)
[0079] The results of analysis conducted by the inventors

on the natural frequency f,, on the low-rotation side, the
frequency fa of the antiresonance point A, and the equivalent
rigidity k,, of the damper device 10 obtained as discussed
above are indicated in FIGS. 6 to 11. FIGS. 6 to 11 indicate
the mode of variations in the natural frequency f,,, the
frequency fa of the antiresonance point A, and the equivalent
rigidity k,_, at the time when only one of the synthetic spring
constants k, k,, k;, k,, and kg and the moments of inertia J,,,
and J,, of the first and second intermediate members 12 and
14 is varied while keeping the others of the parameters at
constant values (fixed values).

[0080] Inthe case where only the synthetic spring constant
(rigidity) k,; of the first inner springs (first elastic bodies)
SP11 is varied while keeping the synthetic spring constants
k., k5, k,, and k5 and the moments of inertia J,, and J,, in
the damper device 10 at constant values, as indicated in FI1G.
6, the natural frequency f,; and the frequency fa of the
antiresonance point A become higher as the synthetic spring
constant k; is larger, and become gradually lower as the
synthetic spring constant k; becomes smaller. In contrast, as
indicated in FIG. 6, the equivalent rigidity k., is increased
steeply when the synthetic spring constant k; is increased
slightly from a value adapted in advance, and decreased
steeply when the synthetic spring constant k, is decreased
slightly from the adapted value. That is, variations (variation
gradient) in the equivalent rigidity k,, are very large with
respect to variations in the synthetic spring constant k; of the
first inner springs SP11.

[0081] Meanwhile, also in the case where only the syn-
thetic spring constant (rigidity) k, of the second inner
springs (second elastic bodies) SP12 is varied while keeping
the synthetic spring constants k,, k;, k,, and ks and the
moments of inertia J,; and J,, in the damper device 10 at
constant values, as indicated in FIG. 7, the natural frequency
f,, and the frequency fa of the antiresonance point A become
higher as the synthetic spring constant k, is larger, and
become gradually lower as the synthetic spring constant k,
becomes smaller. Furthermore, as indicated in FIG. 7, the
equivalent rigidity k,, is increased steeply when the syn-
thetic spring constant k, is increased slightly from a value
adapted in advance, and decreased steeply when the syn-
thetic spring constant k, is decreased slightly from the
adapted value. That is, variations (variation gradient) in the
equivalent rigidity k,, are also very large with respect to
variations in the synthetic spring constant k, of the second
inner springs SP12.
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[0082] On the other hand, in the case where only the
synthetic spring constant (rigidity) k; of the first outer
springs (third elastic bodies) SP21 is varied while keeping
the synthetic spring constants k;, k,, k,, and ks and the
moments of inertia J,, and J,, in the damper device 10 at
constant values, as indicated in FIG. 8, the natural frequency
f,, becomes slightly higher (is kept generally constant) as
the synthetic spring constant k; becomes larger, and the
frequency fa of the antiresonance point A becomes higher as
the synthetic spring constant k; is smaller, and becomes
gradually lower as the synthetic spring constant k; becomes
larger. In addition, as indicated in FIG. 8, the equivalent
rigidity k,, is decreased steeply when the synthetic spring
constant k; is decreased slightly from a value adapted in
advance, and increased steeply when the synthetic spring
constant k, is increased slightly from the adapted value. That
is, variations (variation gradient) in the equivalent rigidity
k,, are also very large with respect to variations in the
synthetic spring constant k; of the first outer springs SP21.

[0083] Furthermore, also in the case where only the syn-
thetic spring constant (rigidity) k, of the second outer
springs (fourth elastic bodies) SP22 is varied while keeping
the synthetic spring constants k,, k,, k;, and ks and the
moments of inertia J,; and J,, in the damper device 10 at
constant values, as indicated in FIG. 9, the natural frequency
f,, becomes slightly higher (is kept generally constant) as
the synthetic spring constant k, becomes larger, and the
frequency fa of the antiresonance point A becomes higher as
the synthetic spring constant k, is smaller, and becomes
gradually lower as the synthetic spring constant k, becomes
larger. In addition, as indicated in FIG. 9, the equivalent
rigidity k., is decreased steeply when the synthetic spring
constant k, is decreased slightly from a value adapted in
advance, and increased steeply when the synthetic spring
constant k, is increased slightly from the adapted value. That
is, variations (variation gradient) in the equivalent rigidity
k,, are also very large with respect to variations in the
synthetic spring constant k, of the second outer springs
SP22.

[0084] Inthe case where only the synthetic spring constant
(rigidity) ks of the intermediate springs (fifth elastic bodies)
SPm is varied while keeping the synthetic spring constants
ki, k,, ks, and k, and the moments of inertia J,; and J,, in
the damper device 10 at constant values, as indicated in FI1G.
10, the natural frequency f,; and the frequency fa of the
antiresonance point A become higher as the synthetic spring
constant kg is larger, and become gradually lower as the
synthetic spring constant ks becomes smaller. In addition, as
indicated in FIG. 10, the difference (fa-f,;) between the
natural frequency f,, and the frequency fa of the antireso-
nance point A corresponding to a certain synthetic spring
constant ks becomes gradually larger as the synthetic spring
constant ks becomes larger. Furthermore, in the case where
only the synthetic spring constant ks of the intermediate
springs SPm is varied, as indicated in FIG. 10, the equivalent
rigidity k., becomes higher as the synthetic spring constant
ks is larger, and becomes gradually lower as the synthetic
spring constant ks becomes smaller. That is, variations
(variation gradient) in the equivalent rigidity k., with respect
to variations in the synthetic spring constant (rigidity) ks of
the intermediate springs SPm are significantly small com-
pared to variations (variation gradient) in the equivalent
rigidity k,,, with respect to variations in the synthetic spring
constants (rigidities) k;, k,, ks, and k,.
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[0085] Meanwhile, in the case where only the moment of
inertia J,; of the first intermediate member 12 is varied while
keeping the synthetic spring constants k,, k,, ks, k,, and ks
and the moment of inertia J,, of the second intermediate
member 14 in the damper device 10 at constant values, as
indicated in FIG. 11, the natural frequency f,, and the
frequency fa of the antiresonance point A become higher as
the moment of inertia J,, is smaller, and become gradually
lower as the moment of inertia J,, becomes larger. Further-
more, if only the moment of inertia J,, of the first interme-
diate member 12 is varied, as illustrated in FIG. 11, the
equivalent rigidity k., is kept generally constant. In the case
where only the moment of inertia J,, of the second inter-
mediate member 14 is varied while keeping the synthetic
spring constants k;, k,, k;, k,, and kg and the moment of
inertia J,, of the first intermediate member 12 in the damper
device 10 at constant values, although not indicated in the
drawings, results similar to those obtained in the case where
only the moment of inertia J,, of the first intermediate
member 12 is varied are obtained.

[0086] As seen from the analysis results discussed above,
by lowering the rigidity of the intermediate springs SPm
(reducing the spring constant k,, and the synthetic spring
constant K.), it is possible to further reduce the natural
frequency {f,, on the low-rotation side (see the formula (13))
and the frequency fa of the antiresonance point A (see the
formula (6)). By enhancing the rigidity of the intermediate
springs SPm (increasing the spring constant k,, and the
synthetic spring constant Ks), conversely, it is possible to
increase the difference between the natural frequency f,, on
the low-rotation side and the frequency fa of the antireso-
nance point A. Furthermore, the equivalent rigidity k., is not
lowered significantly even if the rigidity of the intermediate
springs SPm is lowered (even if the spring constant k,, and
the synthetic spring constant Ky are reduced). Thus, in the
damper device 10, by adjusting the rigidity (the spring
constant k,, and the synthetic spring constant K;) of the
intermediate springs SPm, it is possible to appropriately set
the natural frequency f,; on the low-rotation side and the
frequency fa of the antiresonance point A while keeping the
equivalent rigidity keq appropriate in accordance with the
maximum torque input to the drive member 11 and sup-
pressing an increase in the weights of the first and second
intermediate members 12 and 14, that is, the moments of
inertia J,, and J,,. By lowering the rigidities of the first and
second inner springs SP11 and SP12 (reducing the spring
constants k;; and k,, and the synthetic spring constants K,
and K,), in addition, it is possible to reduce the natural
frequency f,, on the low-rotation side and the frequency fa
of the antiresonance point A. By enhancing the rigidities of
the first and second outer springs SP21 and SP22 (increasing
the spring constants k,, and k,, and the synthetic spring
constants K; and K,), further, it is possible to reduce the
frequency fa of the antiresonance point A.

[0087] In the vehicle on which the engine (internal com-
bustion engine) EG is mounted as a source that generates
power for travel, the efficiency of power transfer between
the engine EG and the transmission TM can be improved,
and the fuel efficiency of the engine EG can be improved, by
lowering a lock-up rotational speed Nlup so that torque from
the engine EG is mechanically transferred to the transmis-
sion TM early. It should be noted, however, that in a
low-rotational speed range of about 500 rpm to 1500 rpm, in
which the lock-up rotational speed Nlup may be set, vibra-
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tion transferred from the engine EG to the drive member 11
via a lock-up clutch is increased, and that the vibration level
is increased conspicuously in vehicles on which an engine
with a reduced number of cylinders such as a three-cylinder
or four-cylinder engine, in particular, is mounted. Thus, in
order that large vibration is not transferred to the transmis-
sion TM etc. during or immediately after establishment of
lock-up, it is necessary to further lower the vibration level in
a rotational speed range around the lock-up rotational speed
Nlup of the entire damper device 10 (driven member 16)
which transfers torque (vibration) from the engine EG to the
transmission TM when lock-up is established.

[0088] In the light of this, the inventors configured the
damper device 10 such that the antiresonance point A
discussed above was formed when the rotational speed of
the engine EG was in the range of 500 rpm to 1500 rpm (the
assumed setting range of the lock-up rotational speed Nlup)
on the basis of the lock-up rotational speed Nlup which was
determined for the lock-up clutch 8. If the number of
cylinders of the engine (internal combustion engine) EG is
defined as “n”, a rotational speed Nea of the engine EG
corresponding to the frequency fa of the antiresonance point
A is represented as Nea=(120/n)-fa. Thus, in the damper
device 10, the synthetic spring constant k, of the plurality of
first inner springs SP11, the synthetic spring constant k, of
the plurality of second inner springs SP12, the synthetic
spring constant k; of the plurality of first outer springs SP21,
the synthetic spring constant k, of the plurality of second
outer springs SP22, the synthetic spring constant ks of the
plurality of intermediate springs SPm, the moment of inertia
J,, of the first intermediate member 12 (with the moment of
inertia of the turbine runner 5 etc., which is coupled so as to
rotate therewith, taken into consideration (added); the same
applies hereinafter), and the moment of inertia J,, of the
second intermediate member 14 are selected and set so as to
meet the following formula (19). That is, in the damper
device 10, the spring constants k,,, k;,, k5, k,,, and k,, of
the springs SP11 to SPm and the moments of inertia J,, and
J,, of the first and second intermediate members 12 and 14
are selected and set on the basis of the frequency fa of the
antiresonance point A (and the lock-up rotational speed
Nlup).

[Expression 9]

120 (19)
S500rpm <= — fa < 1500rpm
n

[0089] In this way, by setting the antiresonance point A
which may bring the vibration amplitude 0, of the driven
member 16 to zero in theory (which may further lower
vibration) within the low-rotational speed range from 500
rpm to 1500 rpm (the assumed setting range of the lock-up
rotational speed Nlup), as indicated in FIG. 5, resonance that
causes the antiresonance point A (resonance unavoidably
caused in order to form the antiresonance point A; in the
present embodiment, resonance of the first intermediate
member 12; see the resonance point R1 in FIG. 5) can be
further shifted to the low-rotation side (low-frequency side)
s0 as to be included in a non-lock-up region of the lock-up
clutch 8 (see the dash-double-dot line in FIG. 5). That is, in
the present embodiment, resonance of the first intermediate
member 12 (resonance at the lower one of the two natural
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frequencies) is virtual and not generated in a rotational speed
range in which the damper device 10 is used. In addition, as
indicated in FIG. 5, a rotational speed corresponding to the
lower one of the two natural frequencies of the damper
device 10 (the natural frequency of the first intermediate
member 12) is lower than the lock-up rotational speed Nlup
of'the lock-up clutch 8, and a rotational speed corresponding
to the higher one of the two natural frequencies of the
damper device 10 (the natural frequency of the second
intermediate member 14) is higher than the lock-up rota-
tional speed Nlup. Consequently, one of vibration trans-
ferred from the second inner springs SP12 to the driven
member 16 and vibration transferred from the second outer
springs SP22 to the driven member 16 can be used to cancel
out at least a part of the other since the time when lock-up
is established by the lock-up clutch 8.

[0090] To configure the damper device 10 so as to meet the
formula (19) given above, the spring constants k;, k; 5, k5,
k,,, and k,, and the moments of inertia J,;, and J,, are
preferably selected and set such that the frequency of
resonance that causes the antiresonance point A (see the
resonance point R1 in FIG. 5) is lower than the frequency fa
of the antiresonance point A and is as small a value as
possible. Therefore, in the damper device 10 according to
the present embodiment, the values of the spring constants
k. k5, ks, ), ksy, and k,, are determined so as to meet the
relation k, <k, <k, ,<k,,<k,, discussed above.

[0091] That is, in the damper device 10, the spring con-
stant k,, of the intermediate springs SPm and the spring
constants k;, and k,, of the first and second inner springs
SP11 and SP12 are determined to be small such that the
natural frequency f,; on the low-rotation side and the fre-
quency fa of the antiresonance point A are further reduced.
Furthermore, the spring constants k,, and k,, of the first and
second outer springs SP21 and SP22 are determined to be
large such that the natural frequency f,, on the low-rotation
side is further reduced. Consequently, it is possible to set the
start point of a rotational speed band (frequency band) in
which one of vibration transferred from the second inner
springs SP12 to the driven member 16 and vibration trans-
ferred from the second outer springs SP22 to the driven
member 16 is used to cancel out at least a part of the other
on the lower-rotation side (lower-frequency side) by further
reducing the natural frequency f,, on the low-rotation side
and the frequency fa of the antiresonance point A. By setting
the start point of such a rotational speed band on the
low-rotation side, further, the rotational speed (frequency) at
which the phase of vibration transferred from the second
inner springs SP12 to the driven member 16 and the phase
of vibration transferred from the second outer springs SP22
to the driven member 16 are shifted by 180 degrees from
each other can also be set to the low-rotation side. As a
result, it is possible to allow lock-up at a still lower rotational
speed, and to further improve the vibration damping perfor-
mance in the low-speed range.

[0092] In addition, in the damper device 10, as indicated
in FIG. 5, when the rotational speed of the engine EG is
enhanced after damping of vibration of the driven member
16 peaks around the antiresonance point A, resonance (in the
present embodiment, resonance of the second intermediate
member 14; see the resonance point R2 in FIG. 5) at the
higher one of the two natural frequencies is generated, and
vibration transferred from the second inner springs SP12 to
the driven member 16 and vibration transferred from the

Mar. 22, 2018

second outer springs SP22 to the driven member 16 are
brought into phase with each other. That is, in the damper
device 10 according to the present embodiment, one of
vibration transferred from the second inner springs SP12 to
the driven member 16 and vibration transferred from the
second outer springs SP22 to the driven member 16 cancels
out at least a part of the other during a period since resonance
(resonance of the first intermediate member 12) at the lower
one of the two natural frequencies described above is
generated until resonance (resonance of the second interme-
diate member 14) at the higher one of the two natural
frequencies is generated. Thus, the spring constants (syn-
thetic spring constants) k,, k,, k;, k,, and k; and the
moments of inertia J,, and J,, are preferably selected and set
such that the frequency of resonance generated on the
high-rotation side (high-frequency side) with respect to the
antiresonance point A is higher. Consequently, it is possible
to generate such resonance (resonance point R2) in the
high-rotational speed range in which vibration does not
easily become manifest, which further improves the vibra-
tion damping performance of the damper device 10 in the
low-rotational speed range.

[0093] Furthermore, in the damper device 10, in order to
improve the vibration damping performance around the
lock-up rotational speed Nlup, it is necessary to separate the
lock-up rotational speed Nlup and the rotational speed of the
engine EG corresponding to the resonance point R2 from
each other as much as possible. Thus, in configuring the
damper device 10 so as to meet the formula (19), the spring
constants k, k,, ks, k,, and k5 and the moments of inertia J,,
and J,, are preferably selected and set so as to meet
Nlup=(120/n)-fa (=Nea). Consequently, it is possible for the
lock-up clutch 8 to establish lock-up while suppressing
transfer of vibration to the input shaft IS of the transmission
TM well, and for the damper device 10 to damp vibration
from the engine EG extremely well immediately after the
establishment of lock-up.

[0094] As discussed above, by designing the damper
device 10 on the basis of the frequency fa of the antireso-
nance point A, it is possible to improve the vibration
damping performance of the damper device 10 extremely
well. The studies and the analyses conducted by the inven-
tors confirmed that, in the case where the lock-up rotational
speed Nlup was determined as a value around 1000 rpm, for
example, extremely good results in practice were obtained
by configuring the damper device 10 so as to meet 900
rpm=(120/n)-ta<1200 rpm, for example.

[0095] In addition, as seen from the formulae (13) and
(14), the two natural frequencies f,, and f,, of the damper
device 10 are affected by both the moments of inertia I, and
J,, of the first and second intermediate members 12 and 14.
That is, in the damper device 10, the first intermediate
member 12 and the second intermediate member 14 are
coupled to each other via the intermediate springs SPm.
Thus, vibration of the first intermediate member 12 and
vibration of the second intermediate member 14 are coupled
to each other (vibrations of the first and second intermediate
members 12 and 14 affect each other) with a force from the
intermediate springs SPm (see the white arrows in FIG. 4)
acting on both the first and second intermediate members 12
and 14. In this way, with vibration of the first intermediate
member 12 and vibration of the second intermediate mem-
ber 14 coupled to each other, the natural frequencies f,; and
f,, are affected by both the moments of inertia J,, and J,, of
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the first and second intermediate members 12 and 14. Thus,
in the damper device 10, it is possible to easily shift
resonance at the lower one of the two natural frequencies £,
and f,, to the low-rotation side, that is, the non-lock-up
region, while suppressing an increase in the weights of the
first and second intermediate members 12 and 14, that is, the
moments of inertia J,; and J,,, and to set the natural
frequencies f,, and f,, and the frequency fa of the antireso-
nance point A easily and appropriately such that the vibra-
tions cancel out each other at the driven member 16 better
when the rotational speed of the drive member 11 is lower.

[0096] Furthermore, in the damper device 10, the two
natural frequencies f,; and f,, are affected by both the
moments of inertia J,; and J,, of the first and second
intermediate members 12 and 14. Thus, by adjusting the
moments of inertia J,, and J,, of the first and second
intermediate members 12 and 14, as indicated in FIG. 5, the
natural frequency f,; (resonance point R1) on the low-
rotation side can be easily further shifted to the low-rotation
side of the non-lock-up region compared to the damper
device according to the comparative example described
above while determining the frequency fa of the antireso-
nance point A as a value about a frequency fa' of the
antiresonance point of the damper device according to the
comparative example. Consequently, with the damper
device 10, it is possible to further lower the vibration level
around the antiresonance point A compared to the damper
device according to the comparative example (see the bro-
ken line in FIG. 5). In this way, by lowering the vibration
level around the antiresonance point A by reducing the
natural frequency f,; on the low-rotation side, it is possible
to keep the lock-up rotational speed Nlup lower even in the
case where the order of vibration from the engine EG is
lowered along with execution of reduced cylinder operation
of the engine EG which has a cylinder stop function.

[0097] Inaddition, the analysis conducted by the inventors
has revealed that, by coupling vibrations of the first and
second intermediate members 12 and 14 to each other by
coupling the first and second intermediate members 12 and
14 to each other using the intermediate springs SPm, vibra-
tions transferred from the first, second, and third torque
transfer paths P1, P2, and P3 described above to the driven
member 16 tend to cancel out each other, which may reduce
the actual vibration amplitude of the driven member 16
around the antiresonance point A and decrease the difference
in the torque amplitude (torque fluctuations) between the
second inner springs SP12 and the second outer springs
SP22 (bring the torque amplitudes of the second inner
springs SP12 and the second outer springs SP22 closer to
each other). Thus, with the damper device 10, it is possible
to allow lock-up (coupling between the engine EG and the
drive member 11) at lower rotational speeds, and to improve
the vibration damping performance in the low-rotational
speed range in which vibration from the engine EG tends to
become large.

[0098] Here, assuming k=0 in the formula (13) given
above, a natural frequency f,,' of the first intermediate
member in the damper device according to the comparative
example from which the intermediate springs SPm have
been omitted is represented by the following formula (20).
Assuming k=0 in the formula (14) given above, a natural
frequency f,,' of the second intermediate member in the
damper device according to the comparative example is
represented by the following formula (21). In the damper
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device according to the comparative example, as seen from
the formulae (20) and (21), the natural frequency f,,' of the
first intermediate member is not affected by the moment of
inertia J,, of the second intermediate member, and the
natural frequency f,,' of the second intermediate member is
not affected by the moment of inertia J,, of the first inter-
mediate member. From this respect, it is understood that,
with the damper device 10, the degree of freedom in design
of the natural frequencies f,, and f,, of the first and second
intermediate members 12 and 14 may be improved com-
pared to the damper device according to the comparative
example.

[Expression 10]

L [kt 20)
= o T
L1 [k @h
fn= e ™

[0099] Inaddition, assuming k=0 in the formula (6) given
above, the frequency fa' of the antiresonance point in the
damper device according to the comparative example is
represented by the following formula (22). When the for-
mula (6) and the formula (22) are compared with each other,
in the case where the spring constants k,, k,, k,, and k, and
the moments of inertia J,, and J,, are the same, the vibration
amplitude fa' of the antiresonance point in the damper device
according to the comparative example is smaller than the
frequency fa of the antiresonance point A in the damper
device 10. It should be noted, however, that with the damper
device 10, the value can be easily set to a value about the
frequency fa' of the antiresonance point of the damper
device according to the comparative example (see the bro-
ken line in FIG. 5) by mainly selecting the moments of
inertia J,, and J,, of the first and second intermediate
members 12 and 14 as appropriate.

[Expression 11]

D1 [hokoks + kikaky + Kiksks + kaksks 22
fd = 2% Jarkska + Jnkiks

[0100] In the damper device 10 discussed above, the
average attachment radius ro of the first and second outer
springs SP21 and SP22 corresponding to the second inter-
mediate member 14, which has a natural frequency that is
higher than that of the first intermediate member 12, is
determined to be larger than the average attachment radius
ri of the first and second inner springs SP11 and SP12
corresponding to the first intermediate member 12. That is,
the first and second outer springs SP11 and SP12 which have
a spring constant (rigidity) that is larger than that of the first
and second inner springs SP21 and SP22 are disposed on the
outer side, in the radial direction of the damper device 10,
with respect to the first and second inner springs SP21 and
SP22. Consequently, it is possible to increase the torsional
angle (stroke) of the first and second outer springs SP21 and
SP22 with a high rigidity, and the rigidity of the first and
second outer springs SP21 and SP22 can be lowered while



US 2018/0080524 Al

allowing transfer of large torque to the drive member 11. As
a result, it is possible to reduce the equivalent rigidity keq of
the damper device 10, and to further shift resonance of the
entire vibration system including the damper device 10, that
is, resonance due to vibration of the entire damper device 10
and the drive shaft of the vehicle (resonance due to vibration
generated between the drive member and the drive shaft), to
the low-rotation side (low-frequency side). Thus, the vibra-
tion damping performance of the damper device 10 can be
improved extremely well by bringing the frequency of the
antiresonance point A described above closer to the fre-
quency of resonance of the entire vibration system.

[0101] Furthermore, in the damper device 10 according to
the present embodiment, the first intermediate member 12
(the annular member 121 alone, or the annular member 121
and the coupling member 122) is configured such that the
moment of inertia J,, is larger than the moment of inertia J,,
of the second intermediate member 14, and further coupled
s0 as to rotate together with the turbine runner 5. Conse-
quently, it is possible to further lower the vibration level
around the antiresonance point A by further reducing the
natural frequency f,, on the low-frequency side. In addition,
by coupling the first intermediate member 12 so as to rotate
together with the turbine runner 5, the substantial moment of
inertia J,, of the first intermediate member 12 (the total of
the moments of inertia of the first intermediate member 12,
the turbine runner 5, etc.) can be increased. Consequently, it
is possible to set the resonance point of the first intermediate
member 12 on the low-rotation side (low-frequency side) by
further reducing the natural frequency f,;, on the low-
frequency side.

[0102] In the damper device 10 described above, the
spring constant K, of the first outer springs SP21 is larger
than the spring constant K,, of the second outer springs
SP22 (k,,<k,,). However, the invention is not limited
thereto. That is, in order to make it easy to design the damper
device 10, the specifications such as the spring constant K,
the coil diameter, and the axial length of the first outer
springs SP21 may be the same as the specifications such as
the spring constant K,,, the coil diameter, and the axial
length of the second outer springs SP22 (k,,=k,,).

[0103] In the damper device 10, further, the spring con-
stant k,, of the intermediate springs SPm may be determined
to be smaller than the spring constants k,;, k,,, k,;, and k,,
of the first and second inner springs SP11 and SP12 and the
first and second outer springs SP21 and SP22. That is, as
discussed above, the natural frequency f,; on the low-
rotation side (low-frequency side) and the frequency fa of
the antiresonance point A are lower as the synthetic spring
constant ks of the intermediate springs SPm is smaller (see
FIG. 10). Thus, by making the spring constant (rigidity) k,,
of the intermediate springs SPm smaller than the spring
constants k, |, k;,, k5, and k,,, the natural frequency f,, and
the frequency fa can be made much lower. Adopting such a
configuration also makes it possible to set the start point of
a rotational speed band in which one of vibration transferred
from the second inner springs SP12 to the driven member 16
and vibration transferred from the second outer springs SP22
to the driven member 16 is used to cancel out at least a part
of the other on the lower-rotation side. By setting the start
point of such a rotational speed band on the low-rotation
side, additionally, the rotational speed (frequency) at which
the phase of vibration transferred from the second inner
springs SP12 to the driven member 16 and the phase of
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vibration transferred from the second outer springs SP22 to
the driven member 16 are shifted by 180 degrees from each
other can also be set to the low-rotation side (low-frequency
side). In this case, the spring constants k, , k,,. k,;, and k,,
of the first and second inner springs SP11 and SP12 and the
first and second outer springs SP21 and SP22 preferably
meet at least the relations k,;=k,, and k;,/k,;=k,,/k,,.
[0104] In the damper device 10, in addition, the spring
constant k,, of the intermediate springs SPm may be deter-
mined to be larger than the spring constants k, |, k;,, k,,, and
k,, of the first and second inner springs SP11 and SP12 and
the first and second outer springs SP21 and SP22. That is, as
discussed above, the difference (fa-f,,) between the natural
frequency f,, on the low-rotation side (low-frequency side)
and the frequency fa of the antiresonance point A is larger as
the synthetic spring constant k, of the intermediate springs
SPm is larger (see FIG. 10). Thus, by making the spring
constant (rigidity) k,, of the intermediate springs SPm larger
than the spring constants k,,, k;,, k,;, and k,, and thus
increasing the difference from the difference (fa-f,,)
between the natural frequency f,, and the frequency fa, it is
possible to widen the rotational speed band in which one of
vibration transferred from the second inner springs SP12 to
the driven member 16 and vibration transferred from the
second outer springs SP22 to the driven member 16 is used
to cancel out at least a part of the other, that is, a range in
which the vibration level of the driven member 16 may be
lowered well.

[0105] In this case, the spring constants k, |, k;,, k,,, and
k,, of the first and second inner springs SP11 and SP12 and
the first and second outer springs SP21 and SP22 are
preferably adjusted such that the natural frequency f,, and
the frequency fa of the antiresonance point A are reduced
and the difference (fa—f,,) therebetween is increased. From
the viewpoint of ease of setting the values of the spring
constants k,,, ky,, k,;, and k,, for further reducing the
natural frequency f,, and the frequency fa of the antireso-
nance point A, such a configuration is advantageously
applied to a damper device for which maximum torque input
to the drive member 11 is relatively small and the required
equivalent rigidity keq is relatively low. In this case as well,
the spring constants k|, k;,, k,;, and k,, of the first and
second inner springs SP11 and SP12 and the first and second
outer springs SP21 and SP22 preferably meet at least the
relations k| k,, and k,,/k,; k,,/k,,.

[0106] Furthermore, the damper device 10 may further
include at least one torque transfer path provided in parallel
with the first and second torque transfer paths P1 and P2, for
example, in addition to the first, second, and third torque
transfer paths P1, P2, and P3. Furthermore, at least one of
the first and second torque transfer paths P1 and P2, for
example, of the damper device 10 may be additionally
provided with at least one set of an intermediate member and
springs (elastic bodies).

[0107] In the starting device 1, in addition, in the case
where slip control is executed, in which the actual slip speed
(actual rotational speed difference) between the engine EG
and the input shaft (drive member 11) of the transmission
TM is caused to coincide with a target slip speed is executed,
the frequency fa of the antiresonance point A described
above may be caused to coincide with a frequency fs of
shudder generated when the slip control, or may be set to a
value that is close to the frequency fs of the shudder.
Consequently, it is possible to reduce shudder generated
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when the slip control is executed. If the moment of inertia
of the lock-up piston 80 and the drive member 11 which
rotate together with each other is defined as “J,,”, the
frequency fs of the shudder can be represented as fs=14mV
(k.,/1,.) using the moment of inertia J,, and the equivalent
rigidity k_, of the damper device 10.

[0108] In the damper device 10 described above, further,
the intermediate springs SPm are disposed side by side with
the first and second outer springs SP21 and SP22 along the
circumferential direction of the damper device 10. However,
the invention is not limited thereto. That is, in the damper
device 10, the intermediate springs SPm may be disposed
between the first and second outer springs SP21 and SP22
and the first and second inner springs SP11 and SP12 in the
radial direction of the damper device 10. Consequently, it is
possible to further increase the torsional angle (stroke) of the
first and second outer springs SP21 and SP22.

[0109] FIG. 12 is a sectional view illustrating another
damper device 10X according to the present disclosure.
Constituent elements of the damper device 10X that are
identical to the elements of the damper device 10 discussed
above are given the same numerals to omit redundant
descriptions.

[0110] As illustrated in FIG. 12, a drive member 11X of
the damper device 10X includes: an annular first plate
member (first input member) 111X fixed to the lock-up
piston of the lock-up clutch; an annular second plate mem-
ber (second input member) 112X rotatably supported
(aligned) by the damper hub, for example, and coupled so as
to rotate together with the first plate member 111X; and an
annular third plate member (third input member) 113X
disposed in more proximity to the turbine runner 5 than the
second plate member 112X and coupled (fixed) to the
second plate member 112X via a plurality of rivets. Conse-
quently, the drive member 11X, that is, the first, second, and
third plate members 111X, 112X, and 113X, rotates together
with the lock-up piston, and the front cover (engine) and the
drive member 11X of the damper device 10X are coupled to
each other through engagement of the lock-up clutch. In the
case where the lock-up clutch is a hydraulic multi-plate
clutch, the first plate member 111X may be constituted as a
clutch drum of the lock-up clutch.

[0111] As illustrated in FIG. 12, the first plate member
111X has: an annular fixed portion 111« fixed to the lock-up
piston; a tubular portion 1115 that extends in the axial
direction from the outer peripheral portion of the fixed
portion 11la; a plurality of (e.g. four) spring abutment
portions (outer abutment portions) 111¢ that extend radially
outward at intervals (equal intervals) in the circumferential
direction from the free end portion of the tubular portion
1115 and that extend in the axial direction away from the
fixed portion 111a; and a plurality of engagement projecting
portions 111e that extend in the axial direction from the free
end portion of the tubular portion 1115 at intervals in the
circumferential direction.

[0112] The second plate member 112X is constituted as an
annular plate-like member, and has: a plurality of (e.g. three)
spring housing windows 112w that extend arcuately and that
are disposed at intervals (equal intervals) in the circumfer-
ential direction; a plurality of (e.g. three) spring support
portions 1121 that extend along the inner peripheral edges of
the respective spring housing windows 112w and that are
arranged at intervals (equal intervals) in the circumferential
direction; a plurality of (e.g. three) spring support portions
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1122 that extend along the outer peripheral edges of the
respective spring housing windows 112w and that are
arranged at intervals (equal intervals) in the circumferential
direction to face the respective spring support portions 1121
in the radial direction of the second plate member 112X; and
a plurality of (e.g. three) spring abutment portions (inner
abutment portions) 112¢. The plurality of spring abutment
portions 112¢ are provided such that each spring abutment
portion 112¢ is interposed between the spring housing
windows 112w (spring support portions 1121 and 1122)
which are adjacent to each other along the circumferential
direction. Furthermore, a plurality of engagement recessed
portions are formed at the outer peripheral portion of the
second plate member 112X at intervals in the circumferen-
tial direction. The engagement recessed portions are fitted
with the respective engagement projecting portions 111e of
the first plate member 111X with backlash in the radial
direction. The first and second plate members 111X and
112X are relatively movable in the radial direction with the
engagement projecting portions 111e fitted with the engage-
ment recessed portions.

[0113] The third plate member 113X is also constituted as
an annular plate-like member. The third plate member 113X
has: a plurality of (e.g. three) spring housing windows 113w
that extend arcuately and that are disposed at intervals (equal
intervals) in the circumferential direction; a plurality of (e.g.
three) spring support portions 1131 that extend along the
inner peripheral edges of the respective spring housing
windows 113w and that are arranged at intervals (equal
intervals) in the circumferential direction; a plurality of (e.g.
three) spring support portions 1132 that extend along the
outer peripheral edges of the respective spring housing
windows and that are arranged at intervals (equal intervals)
in the circumferential direction to face the respective spring
support portions 1131 in the radial direction of the third plate
member 113X; and a plurality of (e.g. three) spring abutment
portions (third abutment portions) 113¢. The plurality of
spring abutment portions 113¢ are provided such that each
spring abutment portion 113¢ is interposed between the
spring support portions 1131 and 1132 (spring housing
windows) which are adjacent to each other along the cir-
cumferential direction.

[0114] A first intermediate member 12X of the damper
device 10X is an annular member fixed to the turbine hub via
a plurality of rivets, for example, and coupled so as to rotate
together with the turbine runner 5. As illustrated in FIG. 12,
the first intermediate member 12X has: a plurality of (e.g.
three) spring abutment portions 12¢ that extend in the axial
direction from the inner peripheral portion at intervals (equal
intervals) in the circumferential direction; and a plurality of
(e.g. four) second spring abutment portions 124 that extend
in the axial direction from the outer peripheral portion at
intervals in the circumferential direction. The second spring
abutment portions 124 are formed symmetrically with
respect to the axis of the first intermediate member 12X such
that two (a pair of) second spring abutment portions 124 are
proximate to each other. The two second spring abutment
portions 124 which are paired with each other are arranged
in the circumferential direction at an interval that matches
the natural length of the intermediate spring SPm, for
example.

[0115] A second intermediate member 14X of the damper
device 10X is formed in an annular shape so as to support
(guide) the outer peripheral portions of the first and second
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outer springs SP21 and SP22 and the intermediate springs
SPm, the side portions (right side portions in FIG. 12) of
such springs on the lock-up piston side (engine EG side),
and the outer peripheral side of the side portions of such
springs on the turbine runner 5 side (transmission TM side).
The second intermediate member 14X is rotatably supported
(aligned) by the tubular portion 1116 of the first plate
member 111X of the drive member 11X, and disposed in the
outer peripheral region in the fluid transmission chamber 9.
The second intermediate member 14X has a natural fre-
quency that is higher than that of the first intermediate
member 12X and a moment of inertia that is smaller than
that of the first intermediate member 12X.

[0116] In addition, the second intermediate member 14X
has: a plurality of (e.g. two at intervals of 180°) spring
abutment portions 14ca disposed at intervals in the circum-
ferential direction; and a plurality of (e.g. two at intervals of
180°) spring abutment portions 14¢b disposed at intervals in
the circumferential direction. As illustrated in FIG. 12, the
spring abutment portions 14ca extend in the axial direction
from a side portion of the second intermediate member 14X
on the lock-up piston side (right side in FIG. 12) toward the
turbine runner 5. The spring abutment portions 14¢b extend
obliquely inward from the peripheral edge portion of the
second intermediate member 14X on the turbine runner 5
side so as to face the respective spring abutment portions
14ca in the axial direction.

[0117] The second intermediate member 14X further has:
a plurality of (e.g. four) second spring abutment portions
14da that extend in the axial direction toward the turbine
runner 5 from portions of the side portion on the lock-up
piston side located between the spring abutment portions
14ca, which are adjacent to each other, in the circumferential
direction; and a plurality of (e.g. four) second spring abut-
ment portions 14db that extend obliquely inward from
portions of the peripheral edge portion on the turbine runner
5 side located between the spring abutment portions 14¢b,
which are adjacent to each other, in the circumferential
direction. The second spring abutment portions 14da are
formed symmetrically with respect to the axis of the second
intermediate member 14X such that two (a pair of) second
spring abutment portions 14da are proximate to each other.
The two second spring abutment portions 14da which are
paired with each other are arranged in the circumferential
direction at an interval that matches the natural length of the
intermediate spring SPm, for example. The second spring
abutment portions 14db are formed symmetrically with
respect to the axis of the second intermediate member 14X
such that two (a pair of) second spring abutment portions
14db are proximate to each other. The two second spring
abutment portions 14db which are paired with each other are
arranged in the circumferential direction at an interval that
matches the natural length of the intermediate spring SPm,
for example, so as to face the associated two second spring
abutment portions 14da in the axial direction.

[0118] A driven member 16X of the damper device 10X is
constituted as an annular plate-like member. As illustrated in
FIG. 12, the driven member 16X is disposed between the
second plate member 112X and the third plate member 113X
of the drive member 11X in the axial direction, and fixed to
the damper hub via rivets. The driven member 16 has: a
plurality of (e.g. three) spring housing windows that extend
arcuately and that are disposed at intervals (equal intervals)
in the circumferential direction; a plurality of (e.g. three)
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inner spring abutment portions (inner abutment portions)
16¢i formed at intervals (equal intervals) in the circumfer-
ential direction in proximity to the inner peripheral edge of
the driven member 16; and a plurality of (e.g. four) outer
spring abutment portions (outer abutment portions) 16co
that are arranged at intervals in the circumferential direction
on the radially outer side with respect to the plurality of
inner spring abutment portions 16¢i and that extend in the
axial direction from the turbine runner 5 side toward the
lock-up piston 80. The plurality of inner spring abutment
portions 16c¢i are provided such that each inner spring
abutment portion 16¢i is interposed between the spring
housing windows which are adjacent to each other along the
circumferential direction.

[0119] The first and second inner springs SP11 and SP12
are supported by the associated spring support portions
1121, 1122, 1131, and 1132 of the drive member 11X, that
is, the second and third plate members 112X and 113X, such
that one first inner spring SP11 and one second inner spring
SP12 are paired (act in series with each other) and such that
the first and second inner springs SP11 and SP12 are
arranged alternately in the circumferential direction (cir-
cumferential direction of the annular member 121). Further-
more, with the damper device 10X in the attached state, the
spring abutment portions 112¢ of the second plate member
112X are each provided between the first and second inner
springs SP11 and SP12, which are disposed in the spring
housing windows 112w which are different from each other
and which are not paired (do not act in series with each
other), to abut against the end portions of such first and
second inner springs SP11 and SP12 in the circumferential
direction. Similarly, with the damper device 10X in the
attached state, the spring abutment portions 113¢ of the third
plate member 113X are also provided between the first and
second inner springs SP11 and SP12, which are disposed in
the spring housing windows 113w which are different from
each other (not paired), to abut against the end portions of
such first and second inner springs SP11 and SP12 in the
circumferential direction.

[0120] In addition, the spring abutment portions 12¢ of the
first intermediate member 12X are inserted into the respec-
tive spring housing windows 113w of the third plate member
113X from the turbine runner 5 side, and are each provided
between the first and second inner springs SP11 and SP12,
which are paired (act in series with each other), to abut
against the end portions of such first and second inner
springs SP11 and SP12 in the circumferential direction.
Furthermore, with the damper device 10X in the attached
state, as with the spring abutment portions 112¢ and 113¢ of
the drive member 11X, the inner spring abutment portions
16¢i of the driven member 16X are each provided between
the first and second inner springs SP11 and SP12, which are
not paired (do not act in series with each other), to abut
against the end portions of such first and second inner
springs SP11 and SP12 in the circumferential direction.

[0121] Meanwhile, the first and second outer springs SP21
and SP22 are supported by the second intermediate member
14X such that one first outer spring SP21 and one second
outer spring SP22 are paired (act in series with each other),
and such that the first and second outer springs SP21 and
SP22 are arranged alternately along the circumferential
direction of the second intermediate member 14X. In addi-
tion, with the damper device 10X in the attached state, the
spring abutment portions 111¢ of the first plate member
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111X of the drive member 11X are each provided between
the first and second outer springs SP21 and SP22, which are
not paired (do not act in series with each other), to abut
against the end portions of such first and second outer
springs SP21 and SP22 in the circumferential direction.
Furthermore, each spring abutment portion 14ca and each
spring abutment portion 14c¢b of the second intermediate
member 14X are provided between the first and second outer
springs SP21 and SP22, which are paired with each other
(act in series with each other), to abut against the end
portions of such first and second outer springs SP21 and
SP22 in the circumferential direction. In addition, as with
the spring abutment portions 111¢ of the drive member 11X,
the outer spring abutment portions 16co of the driven
member 16X are each provided between the first and second
outer springs SP21 and SP22, which are not paired (do not
act in series with each other), to abut against the end portions
of such first and second outer springs SP21 and SP22 in the
circumferential direction.

[0122] The intermediate springs SPm are supported by the
second intermediate member 14X so as to be arranged side
by side with the first outer springs SP21 and the second outer
springs SP22 along the circumferential direction. With the
damper device 10X in the attached state, each intermediate
spring SPm is supported from both sides in the circumfer-
ential direction by the pair of second spring abutment
portions 12d of the first intermediate member 12X, and
supported from both sides in the circumferential direction by
the pair of second spring abutment portions 14da and the
pair of second spring abutment portions 14db of the second
intermediate member 14X. Consequently, the first interme-
diate member 12X and the second intermediate member 14X
are coupled to each other via the plurality of intermediate
springs SPm. Spring seats may be disposed between the end
portions of the intermediate springs SPm and the second
spring abutment portions 12d, 14da, and 14db.

[0123] In the damper device 10X configured as discussed
above, the average attachment radius ro of the first and
second outer springs SP21 and SP22 corresponding to the
second intermediate member 14X, which has a natural
frequency that is higher than that of the first intermediate
member 12X, is larger than the average attachment radius ri
of the first and second inner springs SP11 and SP12 corre-
sponding to the first intermediate member 12. That is, the
axes of the first and second outer springs SP21 and SP22 are
positioned on the outer side in the radial direction of the
damper device 10X with respect to the axes of the first and
second inner springs SP11 and SP12. In the damper device
10X as well, further, the first and second outer springs SP21
and SP22 are disposed such that the entire first and second
outer springs SP21 and SP22 are positioned on the radially
outer side with respect to the first and second inner springs
SP11 and SP12. Consequently, it is possible to increase the
torsional angle (stroke) of the first and second outer springs
SP21 and SP22 with a high rigidity, and the rigidity of the
first and second outer springs SP21 and SP22 can be lowered
while allowing transfer of large torque to the drive member
11X. As a result, it is possible to reduce the equivalent
rigidity keq of the damper device 10X, and to further shift
resonance of the entire vibration system including the
damper device 10X to the low-rotation side (low-frequency
side). Thus, the vibration damping performance of the
damper device 10X can also be improved extremely well by
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bringing the frequency of the antiresonance point A
described above closer to the frequency of resonance of the
entire vibration system.

[0124] In addition, by causing the second intermediate
member 14X to support the first and second outer springs
SP21 and SP22, it is possible to reduce the relative speed
between the first and second outer springs SP21 and SP22,
which are deflected in accordance with the torsional angle of
the second intermediate member 14X with respect to the
drive member 11X or the driven member 16X, and the
second intermediate member 14X. Thus, a friction force
generated between the second intermediate member 14X
and the first and second outer springs SP21 and SP22 can be
reduced. Thus, it is possible to lower the hysteresis of the
entire damper device 10X. The first intermediate member
12X of the damper device 10X further has the plurality of
spring abutment portions 12¢ which are fixed to the turbine
runner 5 and which are each provided between the first and
second inner springs SP11 and SP12, which are adjacent to
each other, to abut against the end portions of such first and
second inner springs SP11 and SP12 in the circumferential
direction. Consequently, it is possible to couple the first
intermediate member 12X to both the first and second inner
springs SP11 and SP12, which are disposed on the radially
inner side, and to couple the first intermediate member 12X
to the turbine runner 5 while suppressing an increase in the
axial length of the damper device 10X.

[0125] FIG. 13 is a sectional view illustrating still another
damper device 10Y according to the present disclosure.
Constituent elements of the damper device 10Y that are
identical to the elements of the damper devices 10 and 10X
discussed above are given the same numerals to omit
redundant descriptions.

[0126] A drive member 11Y of the damper device 10Y
illustrated in FIG. 13 includes: a first plate member 111Y
(first input member) that has a structure similar to that of the
first plate member 111X discussed above; and an annular
second plate member (second input member) 112Y coupled
s0 as to rotate together with the first plate member 111Y. The
first plate member 111Y has spring abutment portions (outer
abutment portions) 111¢ that abut against the end portions of
the first outer springs SP21 in the circumferential direction.
Meanwhile, the second plate member 112Y has a plurality of
(e.g. three) spring housing windows and a plurality of (e.g.
three) spring abutment portions 112¢. The plurality of spring
abutment portions 112¢ are provided such that each spring
abutment portion 112¢ is interposed between the spring
housing windows which are adjacent to each other along the
circumferential direction. The first and second plate mem-
bers 111Y and 112Y are coupled to each other via fitting
portions configured similarly to those of the first plate
member 111X and the second plate member 112X discussed
above.

[0127] A first intermediate member 12Y of the damper
device 10Y has an annular member 121Y and a coupling
member 122Y configured similarly to those of the first
intermediate member 12 of the damper device 10 described
above. A second intermediate member 14Y of the damper
device 10Y is configured similarly to the first intermediate
member 12X of the damper device 10X described above.
The second intermediate member 14Y is rotatably supported
(aligned) by the first plate member 111Y of the drive
member 11Y, and supports the plurality of first outer springs
SP21, second outer springs SP22, and intermediate springs
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SPm so as to be arranged side by side along the circumfer-
ential direction. The second intermediate member 14Y has a
natural frequency that is higher than that of the first inter-
mediate member 12Y and a moment of inertia that is smaller
than that of the first intermediate member 12Y.

[0128] A driven member 16Y of the damper device 10Y
includes: a first output plate (first output member) 161Y; and
an annular second output plate (second output member)
162Y disposed in more proximity to the turbine runner 5
than the first output plate 161Y and coupled (fixed) to the
first output plate 161Y via a plurality of rivets. The first
output plate 161Y is constituted as an annular plate-like
member, and has: a plurality of (e.g. three) spring housing
windows 161w disposed at intervals (equal intervals) in the
circumferential direction; a plurality of (e.g. three) spring
support portions 1614 that extend along the inner peripheral
edges of the respective spring housing windows 161w; a
plurality of (e.g. three) spring support portions 1615 that
extend along the outer peripheral edges of the respective
spring housing windows 161w; and a plurality of (e.g. three)
spring abutment portions 161c. The plurality of spring
abutment portions 161¢ are provided such that each spring
abutment portion 161c is interposed between the spring
housing windows 161w (spring support portions 161a and
1615) which are adjacent to each other along the circum-
ferential direction.

[0129] The second output plate 162Y of the driven mem-
ber 16Y is constituted as an annular plate-like member, and
has: a plurality of (e.g. three) spring housing windows 162w
disposed at intervals (equal intervals) in the circumferential
direction; a plurality of (e.g. three) spring support portions
162a that extend along the inner peripheral edges of the
respective spring housing windows 162w; a plurality of (e.g.
three) spring support portions 1624 that extend along the
outer peripheral edges of the respective spring housing
windows 162w; a plurality of (e.g. three) inner spring
abutment portions 162¢i; and a plurality of (e.g. four) outer
spring abutment portions 162co. The plurality of outer
spring abutment portions 162co are arranged at intervals in
the circumferential direction on the radially outer side with
respect to the plurality of inner spring abutment portions
162ci.

[0130] The first and second inner springs SP11 and SP12
are supported by the associated spring support portions
161a, 1615, 1624, and 1625 of the driven member 16Y, that
is, the first and second output plates 161Y and 162Y, such
that one first inner spring SP11 and one second inner spring
SP12 are paired (act in series with each other) and such that
the first and second inner springs SP11 and SP12 are
arranged alternately in the circumferential direction (cir-
cumferential direction of the annular member 121). In
addition, with the damper device 10Y in the attached state,
the spring abutment portions 112¢ of the second plate
member 112Y of the drive member 11Y are each provided
between the first and second inner springs SP11 and SP12,
which are not paired (do not act in series with each other),
to abut against the end portions of such first and second inner
springs SP11 and SP12 in the circumferential direction.
Furthermore, each spring abutment portion 121¢ and each
spring abutment portion 122¢ of the first intermediate mem-
ber 12Y are provided between the first and second inner
springs SP11 and SP12, which are paired with each other
(act in series with each other), to abut against the end
portions of such first and second inner springs SP11 and
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SP12 in the circumferential direction. In addition, with the
damper device 10 in the attached state, as with the spring
abutment portions 112¢ of the drive member 11Y, each
spring abutment portions 161¢ and each inner spring abut-
ment portions 162¢i of the driven member 16Y are provided
between the first and second inner springs SP11 and SP12,
which are not paired (do not act in series with each other),
to abut against the end portions of such first and second inner
springs SP11 and SP12 in the circumferential direction.

[0131] Meanwhile, the first and second outer springs SP21
and SP22 are supported by the second intermediate member
14Y such that one first outer spring SP21 and one second
outer spring SP22 are paired (act in series with each other),
and such that the first and second outer springs SP21 and
SP22 are arranged alternately along the circumferential
direction of the second intermediate member 14Y. In addi-
tion, with the damper device 10 in the attached state, the
spring abutment portions 111¢ of the first plate member
111Y of the drive member 11Y are each provided between
the first and second outer springs SP21 and SP22, which are
not paired (do not act in series with each other), to abut
against the end portions of such first and second outer
springs SP21 and SP22 in the circumferential direction.
Furthermore, each spring abutment portion 14ca and each
spring abutment portion 14cb of the second intermediate
member 14Y are provided between the first and second outer
springs SP21 and SP22, which are paired with each other
(act in series with each other), to abut against the end
portions of such first and second outer springs SP21 and
SP22 in the circumferential direction. In addition, as with
the spring abutment portions 111¢ of the drive member 11Y,
the outer spring abutment portions 162co of the driven
member 16Y are each provided between the first and second
outer springs SP21 and SP22, which are not paired (do not
act in series with each other), to abut against the end portions
of such first and second outer springs SP21 and SP22 in the
circumferential direction.

[0132] The intermediate springs SPm are supported by the
second intermediate member 14Y so as to be arranged side
by side with the first outer springs SP21 and the second outer
springs SP22 along the circumferential direction. With the
damper device 10 in the attached state, each intermediate
spring SPm is supported from both sides in the circumfer-
ential direction by the pair of second spring abutment
portions 121d of the first intermediate member 12Y, and
supported from both sides in the circumferential direction by
the pair of second spring abutment portions 14da and the
pair of second spring abutment portions 14db of the second
intermediate member 14Y. Consequently, the first interme-
diate member 12Y and the second intermediate member 14Y
are coupled to each other via the plurality of intermediate
springs SPm. Spring seats may be disposed between the end
portions of the intermediate springs SPm and the second
spring abutment portions 121d, 14da, and 14db.

[0133] In the damper device 10Y configured as discussed
above, the average attachment radius ro of the first and
second outer springs SP21 and SP22 corresponding to the
second intermediate member 14Y, which has a natural
frequency that is higher than that of the first intermediate
member 12V, is larger than the average attachment radius ri
of the first and second inner springs SP11 and SP12 corre-
sponding to the first intermediate member 12. That is, the
axes of the first and second outer springs SP21 and SP22 are
positioned on the outer side in the radial direction of the
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damper device 10Y with respect to the axes of the first and
second inner springs SP11 and SP12. In the damper device
10Y as well, further, the first and second outer springs SP21
and S22 are disposed such that the entire first and second
outer springs SP21 and S22 are positioned on the radially
outer side with respect to the first and second inner springs
SP11 and SP12. Consequently, it is possible to increase the
torsional angle (stroke) of the first and second outer springs
SP21 and SP22 with a high rigidity, and the rigidity of the
first and second outer springs SP21 and SP22 can be lowered
while allowing transfer of large torque to the drive member
11Y. As a result, it is possible to reduce the equivalent
rigidity keq of the damper device 10Y, and to further shift
resonance of the entire vibration system including the
damper device 10Y to the low-rotation side (low-frequency
side). Thus, the vibration damping performance of the
damper device 10Y can also be improved extremely well by
bringing the frequency of the antiresonance point A
described above closer to the frequency of resonance of the
entire vibration system.

[0134] In addition, by causing the second intermediate
member 14Y to support the first and second outer springs
SP21 and SP22, it is possible to reduce the relative speed
between the first and second outer springs SP21 and SP22,
which are deflected in accordance with the torsional angle of
the second intermediate member 14Y with respect to the
drive member 11Y or the driven member 16Y, and the
second intermediate member 14Y. Thus, a friction force
generated between the second intermediate member 14Y
and the first and second outer springs SP21 and SP22 can be
reduced. Thus, it is possible to lower the hysteresis of the
entire damper device 10Y. The first intermediate member
12Y of the damper device 10Y further includes the coupling
member 122Y which has the spring abutment portions 122¢
fixed to the turbine runner 5 and which are each provided
between the first and second inner springs SP11 and SP12,
which are adjacent to each other, to abut against the end
portions of such first and second inner springs SP11 and
SP12 in the circumferential direction. Consequently, it is
possible to couple the first intermediate member 12Y to both
the first and second inner springs SP11 and SP12, which are
disposed on the radially inner side, and to couple the first
intermediate member 12Y to the turbine runner 5 while
suppressing an increase in the axial length of the damper
device 10Y.

[0135] FIG. 14 is a sectional view illustrating another
damper device 107 according to the present disclosure.
Constituent elements of the damper device 10Y that are
identical to the elements of the damper devices 10 to 10Y
discussed above are given the same numerals to omit
redundant descriptions.

[0136] A drive member 117 of the damper device 10Z
illustrated in FIG. 14 is basically identical to the drive
member 11Y of the damper device 10Y illustrated in FIG.
13, and includes first and second plate members 1117 and
1127. Furthermore, a driven member 167 is basically iden-
tical to the driven member 16Y of the damper device 10Y,
and includes first and second output plates 1617 and 1627.
In addition, a coupling member 1227 of a first intermediate
member 127 is basically identical to the coupling member
122Y of the damper device 10Y. In contrast, an annular
member 1217 of the first intermediate member 127 differs
from the annular member 121Y of the damper device 10Y
in not having the second spring abutment portions 121d.
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Furthermore, a second intermediate member 147 of the
damper device 10Z is rotatably supported (aligned) by the
turbine runner 5, and supports the plurality of first outer
springs SP21 and second outer springs SP22 so as to be
arranged side by side along the circumferential direction.
The second intermediate member 14X also has a natural
frequency that is higher than that of the first intermediate
member 127 and a moment of inertia that is smaller than that
of the first intermediate member 127.

[0137] An annular support portion 50s is fixed to the
turbine shell 50 of the turbine runner 5 so as to be positioned
between the first and second inner springs SP11 and SP12
and the first and second outer springs SP21 and SP22 in the
radial direction of the damper device 10Z. A plurality of (e.g.
four) spring abutment portions 504 extend in the radial
direction from the support portion 50s at intervals in the
circumferential direction. The spring abutment portions 504
are formed symmetrically with respect to the axis of the
turbine runner 5 such that two (a pair of) spring abutment
portions 504 are proximate to each other. The two spring
abutment portions 504 which are paired with each other are
arranged in the circumferential direction at an interval that
matches the natural length of the intermediate spring SPm,
for example. In addition, the second intermediate member
147 is formed with a supported portion 14s supported by the
support portion 50s in the radial direction. Furthermore, a
plurality of (e.g. four) second spring abutment portions 144
extend in the radial direction from the second intermediate
member 147 at intervals in the circumferential direction.
The second spring abutment portions 14d are formed sym-
metrically with respect to the axis of the turbine runner 5
such that two (a pair of) second spring abutment portions
14d are proximate to each other. The two second spring
abutment portions 144 which are paired with each other are
arranged in the circumferential direction at an interval that
matches the natural length of the intermediate spring SPm,
for example.

[0138] The plurality of intermediate springs SPm are
supported in the radial direction by the support portion 50s
of the turbine runner 5. With the damper device 10Z in the
attached state, in addition, each intermediate spring SPm is
supported from both sides in the circumferential direction by
the pair of spring abutment portions 504 of the turbine
runner 5, and supported from both sides in the circumfer-
ential direction by the pair of second spring abutment
portions 144 of the second intermediate member 147. Con-
sequently, the first intermediate member 127 which rotates
together with the turbine runner 5 and the second interme-
diate member 147 are coupled to each other via the plurality
of intermediate springs SPm. The intermediate springs SPm
are disposed between the first and second outer springs SP21
and SP22 and the first and second inner springs SP11 and
SP12 in the radial direction of the damper device 10Z. In the
damper device 10Z, in addition, the intermediate springs
SPm partially overlap at least one of the first and second
outer springs SP21 and SP22 and at least one of the first and
second inner springs SP11 and SP12 in the axial direction as
seen in the radial direction of the damper device 10Z. Spring
seats may be disposed between the end portions of the
intermediate springs SPm and the spring abutment portions
504 and the second spring abutment portions 14d.

[0139] In the damper device 10Z configured as discussed
above, the average attachment radius ro of the first and
second outer springs SP21 and SP22 corresponding to the
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second intermediate member 147, which has a natural
frequency that is higher than that of the first intermediate
member 127, is larger than the average attachment radius ri
of the first and second inner springs SP11 and SP12 corre-
sponding to the first intermediate member 12. That is, the
axes of the first and second outer springs SP21 and SP22 are
positioned on the outer side in the radial direction of the
damper device 107 with respect to the axes of the first and
second inner springs SP11 and SP12. In the damper device
10Z as well, further, the first and second outer springs SP21
and SP22 are disposed such that the entire first and second
outer springs SP21 and SP22 are positioned on the radially
outer side with respect to the first and second inner springs
SP11 and SP12. Consequently, it is possible to increase the
torsional angle (stroke) of the first and second outer springs
SP21 and SP22 with a high rigidity, and the rigidity of the
first and second outer springs SP21 and SP22 can be lowered
while allowing transfer of large torque to the drive member
117. As a result, it is possible to reduce the equivalent
rigidity keq of the damper device 10Z, and to further shift
resonance of the entire vibration system including the
damper device 10Z to the low-rotation side (low-frequency
side). Thus, the vibration damping performance of the
damper device 10Z can also be improved extremely well by
bringing the frequency of the antiresonance point A
described above closer to the frequency of resonance of the
entire vibration system.

[0140] In addition, by causing the second intermediate
member 147 to support the first and second outer springs
SP21 and SP22, it is possible to reduce the relative speed
between the first and second outer springs SP21 and SP22,
which are deflected in accordance with the torsional angle of
the second intermediate member 147 with respect to the
drive member 11Z or the driven member 16Z, and the
second intermediate member 14Z. Thus, a friction force
generated between the second intermediate member 147 and
the first and second outer springs SP21 and SP22 can be
reduced. Thus, it is possible to lower the hysteresis of the
entire damper device 10Z. Furthermore, the first intermedi-
ate member 127 of the damper device 10Z also includes the
coupling member 1227 which has the spring abutment
portions 122¢ which are fixed to the turbine runner 5 and
which are each provided between the first and second inner
springs SP11 and SP12, which are adjacent to each other, to
abut against the end portions of such first and second inner
springs SP11 and SP12 in the circumferential direction.
Consequently, it is possible to couple the first intermediate
member 127 to both the first and second inner springs SP11
and SP12, which are disposed on the radially outer side, and
to couple the first intermediate member 127 to the turbine
runner 5 while suppressing an increase in the axial length of
the damper device 10Z. In addition, by disposing the inter-
mediate springs SPm between the first and second outer
springs SP21 and SP22 and the first and second inner springs
SP11 and SP12 in the radial direction of the damper device
10Z, it is possible to secure the torsional angle (stroke) of the
springs SP11 to SPm well.

[0141] In the damper device 10Z, the intermediate springs
SPm may be supported in the radial direction by the first
intermediate member 127 (e.g. the coupling member 122).
In this case, the first intermediate member 127 may be
provided with a plurality of second spring abutment portions
that support the intermediate springs SPm from both sides in
the circumferential direction.
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[0142] FIG. 15 is a sectional view illustrating still another
damper device 10V according to the present disclosure.
Constituent elements of the damper device 10V that are
identical to the elements of the damper devices 10 to 10Z
discussed above are given the same numerals to omit
redundant descriptions.

[0143] The damper device 10V illustrated in FIG. 15
includes: a plurality of first springs (first elastic bodies) SP1
disposed between a drive member 11V and a first interme-
diate member 12V to transfer rotational torque; a plurality of
second springs (second elastic bodies) SP2 disposed
between the first intermediate member 12V and a driven
member 16V to transfer rotational torque; a plurality of third
springs (third elastic bodies) SP3 disposed between the drive
member 11V and a second intermediate member 14V to
transfer rotational torque; a plurality of fourth springs
(fourth elastic bodies) SP4 disposed between the second
intermediate member 14V and the driven member 16V to
transfer rotational torque; and a plurality of intermediate
springs (fifth elastic bodies) SPm disposed between the first
intermediate member 12V and the second intermediate
member 14V to transfer rotational torque.

[0144] In addition, in the damper device 10V, the rigidity,
that is, the spring constant, of the first springs SP1 is defined
as “k,,”, the rigidity, that is, the spring constant, of the
second springs SP2 is defined as “k,,”, the rigidity, that is,
the spring constant, of the third springs SP3 is defined as
“k,,”, and the rigidity, that is, the spring constant, of the
fourth springs SP4 is defined as “k,,”. The spring constants
ki, k5, ky ), and k,, are selected such that the relations
k,,=k,, and k,,/k,,=k,,/k,, are met. The spring constants
ki, ks, k5, and k,, are selected so as to meet the relations
k,,=k,, and k,,/k,,=k,,/k,,. More particularly, the spring
constants k,,, k;,, k;;, and k,, meet the relations k,,/
k,,<k,,/k,, and k;,;<k;,<k,,<k,,. That is, the larger one
(k,,) of the spring constants k,; and k,, of the third and
fourth springs SP3 and SP4 is larger than the larger one (k, ,)
of the spring constants k,, and k,, of the first and second
springs SP1 and SP2. When the rigidity, that is, the spring
constant, of the intermediate springs SPm is defined as “k,,”,
further, the spring constants k, |, k,,, k;, k,,, and k,, meet
the relation k;, <k, <k, ,<k,,<k,;.

[0145] The drive member 11V of the damper device 10V
illustrated in FIG. 15 is coupled so as to rotate together with
a lock-up piston of a single-plate lock-up clutch or a clutch
drum of a multi-plate lock-up clutch, and has a plurality of
first spring abutment portions 111¢ and a plurality of second
spring abutment portions 112¢. The outer peripheral portion
of'the drive member 11V is engaged with the lock-up piston
or the clutch drum. In addition, the plurality of first spring
abutment portions 111¢ extend inward in the radial direction
of the damper device 10V from the outer peripheral portion
of the drive member 11V. In the damper device 10V, further,
the plurality of second spring abutment portions 112¢ extend
in the axial direction of the damper device 10V from the
outer peripheral portion of the drive member 11V toward the
turbine runner 5, and extend inward in the radial direction of
the damper device 10V. Consequently, the first and second
spring abutment portions 111¢ and 112¢ are spaced away
from each other in the axial direction of the damper device
10V.

[0146] The first intermediate member 12V of the damper
device 10V includes: a first plate member 12W disposed in
proximity to the second intermediate member 14V; a second
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plate member 122V disposed on the front cover (not illus-
trated) side with respect to the first plate member 121V in the
axial direction of the damper device 10V; and a third plate
member 123V disposed on the second intermediate member
14V side with respect to the first plate member 121V. The
first to third plate members 121V, 122V, and 123V are
formed in an annular shape, and coupled to each other via a
plurality of rivets. As illustrated in the drawing, the first plate
member 12W has a plurality of inner spring housing win-
dows 121wi, a plurality of outer spring housing windows
121wo, a plurality of spring support portions 1211, 1212,
and 1214, a plurality of inner spring abutment portions
121ci, and a plurality of outer spring abutment portions
121co.

[0147] The plurality of inner spring housing windows
121wi extend arcuately, and are disposed at intervals (equal
intervals) in the circumferential direction in the inner periph-
eral portion of the first plate member 121V. The plurality of
spring support portions 1211 extend along the inner periph-
eral edges of the respective inner spring housing windows
121wi, and are arranged at intervals (equal intervals) in the
circumferential direction. The plurality of spring support
portions 1212 extend along the outer peripheral edges of the
respective inner spring housing windows 121wi, and are
arranged at intervals (equal intervals) in the circumferential
direction to face the respective spring support portions 1211
in the radial direction of the first plate member 121V. In
addition, the inner spring abutment portions 121¢i are pro-
vided such that each inner spring abutment portion 121¢i is
interposed between the inner spring housing windows 121wi
(spring support portions 1211 and 1212) which are adjacent
to each other along the circumferential direction. The plu-
rality of outer spring housing windows 121wo extend arcu-
ately, and are disposed at intervals in the circumferential
direction in the outer peripheral portion of the first plate
member 121V so as to be positioned on the radially outer
side with respect to the inner spring housing windows
121wi. The plurality of spring support portions 1214 extend
along the outer peripheral edges of the respective outer
spring housing windows 121wo, and are arranged at inter-
vals (equal intervals) in the circumferential direction. In
addition, the outer spring abutment portions 121co are
provided such that each outer spring abutment portion 121co
is interposed between the outer spring housing windows
121wo (spring support portions 1214) which are adjacent to
each other along the circumferential direction.

[0148] The second plate member 122V has a plurality of
inner spring housing windows 122wi, a plurality of outer
spring housing windows 122wo, a plurality of spring support
portions 1221, 1222, 1223, and 1224, a plurality of inner
spring abutment portions 122¢i, and a plurality of outer
spring abutment portions 122co. The plurality of inner
spring housing windows 122wi extend arcuately, and are
disposed at intervals (equal intervals) in the circumferential
direction in the inner peripheral portion of the second plate
member 122V. The plurality of spring support portions 1221
extend along the inner peripheral edges of the respective
inner spring housing windows 122wi, and are arranged at
intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1222 extend along
the outer peripheral edges of the respective inner spring
housing windows 122wi, and are arranged at intervals (equal
intervals) in the circumferential direction to face the respec-
tive spring support portions 1221 in the radial direction of
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the second plate member 122V. In addition, the inner spring
abutment portions 122¢i are provided such that each inner
spring abutment portion 122¢i is interposed between the
inner spring housing windows 122wi (spring support por-
tions 1221 and 1222) which are adjacent to each other along
the circumferential direction.

[0149] The plurality of outer spring housing windows
122wo extend arcuately, and are disposed at intervals in the
circumferential direction in the outer peripheral portion of
the second plate member 122V so as to be positioned on the
radially outer side with respect to the inner spring housing
windows 122wi. The plurality of spring support portions
1223 extend along the inner peripheral edges of the respec-
tive outer spring housing windows 122wo, and are arranged
at intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1224 extend along
the outer peripheral edges of the respective outer spring
housing windows 122wo, and are arranged at intervals
(equal intervals) in the circumferential direction to face the
respective spring support portions 1223 in the radial direc-
tion of the second plate member 122V. In addition, the outer
spring abutment portions 122co are provided such that each
outer spring abutment portion 122co is interposed between
the outer spring housing windows 122wo (spring support
portions 1223 and 1224) which are adjacent to each other
along the circumferential direction.

[0150] The third plate member 123V has a plurality of
spring abutment portions 1234. The spring abutment por-
tions 1234 are formed symmetrically with respect to the axis
of the third plate member 123V such that two (a pair of)
spring abutment portions 1234 are proximate to each other.
The two spring abutment portions 1234 which are paired
with each other are arranged in the circumferential direction
at an interval that matches the natural length of the inter-
mediate spring SPm, for example. As illustrated in FIG. 15,
the inner peripheral portion of the third plate member 123V
is coupled (fixed) to the first and second plate members
121V and 122V via a plurality of rivets so as to project
toward the second intermediate member 14V at locations
between the spring support portions 1212 and the outer
spring abutment portions 121co in the radial direction.
[0151] The second intermediate member 14V of the
damper device 10V includes: a first plate member 141V
disposed in proximity to the turbine runner 5; a second plate
member 142V disposed on the front cover (not illustrated)
side, that is, the engine side (right side in the drawing), with
respect to the first plate member 141V; and a third plate
member 143V disposed on the front cover side with respect
to the second plate member 142V. The first to third plate
members 141V, 142V, and 124V are formed in an annular
shape, and coupled to each other via a plurality of rivets.
[0152] The first plate member 141V has: a plurality of
spring housing windows 141w that extend arcuately and that
are disposed at intervals (equal intervals) in the circumfer-
ential direction; a plurality of spring support portions 1411
that extend along the inner peripheral edges of the respective
spring housing windows 141w and that are arranged at
intervals (equal intervals) in the circumferential direction; a
plurality of spring support portions 1412 that extend along
the outer peripheral edges of the respective spring housing
windows 141w and that are arranged at intervals (equal
intervals) in the circumferential direction to face the respec-
tive spring support portions 1411 in the radial direction of
the first plate member 141V; a plurality of inner spring
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abutment portions 141c¢i; an annular spring support portion
1413 formed on the radially outer side with respect to the
plurality of spring support portions 1412; and a plurality of
outer spring abutment portions 141co formed on the radially
outer side with respect to the plurality of spring support
portions 1412.

[0153] The plurality of inner spring abutment portions
141ci of the first plate member 141V are provided such that
each inner spring abutment portion 141¢i is interposed
between the spring housing windows 141w (spring support
portions 1411 and 1412) which are adjacent to each other
along the circumferential direction. In addition, the annular
spring support portion 1413 is formed so as to support
(guide) the outer peripheral portions of the plurality of third
springs SP3, the side portions (left side portions in FIG. 15)
of such springs on the turbine runner 5 side (transmission
side), the inner peripheral side of the side portions, and the
outer peripheral side (shoulder portions) of the side portions
of the plurality of third springs SP3 on the front cover side.
Furthermore, the plurality of outer spring abutment portions
141co are formed at intervals in the circumferential direction
s0 as to project into the annular spring support portion 1413.

[0154] The second plate member 142V has: a plurality of
spring housing windows 142w that extend arcuately and that
are disposed at intervals (equal intervals) in the circumfer-
ential direction; a plurality of spring support portions 1421
that extend along the inner peripheral edges of the respective
spring housing windows 142w and that are arranged at
intervals (equal intervals) in the circumferential direction; a
plurality of spring support portions 1422 that extend along
the outer peripheral edges of the respective spring housing
windows 142w and that are arranged at intervals (equal
intervals) in the circumferential direction to face the respec-
tive spring support portions 1421 in the radial direction of
the second plate member 142V; a plurality of inner spring
abutment portions 142¢i; and a plurality of outer spring
abutment portions 142co formed on the radially outer side
with respect to the plurality of spring support portions 1242.
The plurality of inner spring abutment portions 142¢i of the
second plate member 142V are provided such that each inner
spring abutment portion 142¢i is interposed between the
spring housing windows 142w (spring support portions 1421
and 1422) which are adjacent to each other along the
circumferential direction. In addition, the plurality of outer
spring abutment portions 142co are formed at intervals in
the circumferential direction so as to project in the radial
direction of the damper device 10V.

[0155] The third plate member 143V has an annular spring
support portion 1431 and a plurality of spring abutment
portions 143d. The spring support portion 1431 is formed so
as to support (guide) the outer peripheral portions of the
plurality of intermediate springs SPm, the side portions (left
side portions in FIG. 15) of such springs on the turbine
runner 5 side (transmission side), and the outer peripheral
side (shoulder portions) of the side portions of such springs
on the front cover side. The spring abutment portions 1434
are formed symmetrically with respect to the axis of the third
plate member 143V such that two (a pair of) spring abutment
portions 1434 are proximate to each other. The two spring
abutment portions 1434 which are paired with each other are
arranged in the circumferential direction at an interval that
matches the natural length of the intermediate spring SPm,
for example. As illustrated in FIG. 15, the inner peripheral
portion of the third plate member 143V is coupled (fixed) to
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the first and second plate members 141V and 142V via a
plurality of rivets so as to project toward the front cover (not
illustrated) (toward the first intermediate member 12V) at
locations between the spring support portions 1422 and the
outer spring abutment portions 142co in the radial direction.

[0156] The inner peripheral portion of the driven member
16V of the damper device 10V is fixed to a damper hub (not
illustrated) together with the turbine runner 5 via rivets. As
illustrated in the drawing, the driven member 16V has a
plurality of first spring abutment portions 161¢ and a plu-
rality of second spring abutment portions 162¢. In the
damper device 10V, the plurality of first spring abutment
portions 161¢ extend outward in the radial direction of the
damper device 10V from the inner peripheral portion of the
driven member 16V. In addition, the plurality of second
spring abutment portions 162¢ extend in the axial direction
of the damper device 10V from the inner peripheral portion
of the driven member 16V toward the turbine runner 5, and
extend outward in the radial direction of the damper device
10V. Consequently, the first and second spring abutment
portions 161c¢ and 162¢ are also spaced away from each
other in the axial direction of the damper device 10V.

[0157] As illustrated in FIG. 15, the first and second plate
members 121V and 122V of the first intermediate member
12V are coupled such that the spring support portions 1211
to 1214 face the respective spring abutment portions 1221 to
1224. In the damper device 10V, in addition, the first
intermediate member 12V is positioned on the front cover
(not illustrated) side with respect to the second intermediate
member 14V away from the second intermediate member
14V in the axial direction, and disposed such that the
outermost peripheral portion of the first intermediate mem-
ber 12V is positioned on the radially inner side with respect
to the outermost peripheral portion of the second interme-
diate member 14V. Furthermore, the spring support portions
1211 and 1212 of the first plate member 121V and the spring
support portions 1221 and 1222 of the second plate member
122V support (guide) the associated second springs SP2.
That is, the plurality of fourth springs SP4 are supported by
the first and second plate members 141V and 142V so as to
be arranged at intervals in the circumferential direction. The
spring support portions 1214 of the first plate member 121V
and the spring support portions 1223 and 1224 of the second
plate member 122V support (guide) the associated first
springs SP1. That is, the plurality of first springs SP1 are
supported by the first and second plate members 141V and
142V so as to be arranged at intervals in the circumferential
direction on the radially outer side with respect to the
plurality of second springs SP2. The first spring abutment
portions 111¢ of the drive member 11V are inserted from the
radially outer side, and the first spring abutment portions
161c of the driven member 16V are inserted from the
radially inner side, into a space between the first and second
plate members 121V and 122V in the axial direction.

[0158] With the damper device 10V in the attached state,
the first spring abutment portions 111c¢ of the drive member
11V are each provided between the first springs SP1 which
are adjacent to each other to abut against the end portions of
such first springs SP1 in the circumferential direction.
Meanwhile, with the damper device 10V in the attached
state, the outer spring abutment portions 121co and 122co of
the first intermediate member 12V abut against the end
portions, in the circumferential direction, of the first springs
SP1, which are adjacent to each other, that do not abut
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against the spring abutment portions 111c¢ of the drive
member 11V. Furthermore, with the damper device 10V in
the attached state, each inner spring abutment portion 121¢i
and each inner spring abutment portion 122¢i of the first
intermediate member 12V are provided between the second
springs SP2 which are adjacent to each other to abut against
the end portions of such second springs SP2 in the circum-
ferential direction. Meanwhile, with the damper device 10V
in the attached state, the first spring abutment portions 161¢
of the driven member 16V abut against the end portions, in
the circumferential direction, of the second springs SP2,
which are adjacent to each other, that do not abut against the
inner spring abutment portions 121¢i and 122¢i of the first
intermediate member 12V. Consequently, the drive member
11V and the first intermediate member 12V are coupled to
each other via the plurality of first springs SP1 which act in
parallel with each other, and the first intermediate member
12V and the driven member 16V are coupled to each other
via the plurality of second springs SP2 which act in parallel
with each other. Thus, the drive member 11V and the driven
member 16V are coupled to each other via the plurality of
first springs SP1, the first intermediate member 12V, and the
plurality of second springs SP2.

[0159] As illustrated in FIG. 15, the first and second plate
members 141V and 142V of the second intermediate mem-
ber 14V are coupled such that the respective spring support
portions 1411 and 1421 face each other and the respective
spring support portions 1412 and 1422 face each other. In
addition, the spring support portion 1413 of the first plate
member 14W of the second intermediate member 14V
supports the plurality of third springs SP3 so as to be
arranged at intervals in the circumferential direction. Fur-
thermore, the spring support portions 1411 and 1412 of the
first plate member 14W and the spring support portions 1421
and 1422 of the second plate member 142V support (guide)
the associated fourth springs SP4. That is, the plurality of
fourth springs SP4 are supported by the first and second
plate members 14W and 142V so as to be arranged at
intervals in the circumferential direction on the radially
inner side with respect to the plurality of third springs SP3.
Furthermore, the second spring abutment portions 112¢ of
the drive member 11V are inserted from the radially outer
side, and the second spring abutment portions 162¢ of the
driven member 16V are inserted from the radially inner side,
into a space between the first and second plate members
14W and 142V in the axial direction.

[0160] With the damper device 10V in the attached state,
the second spring abutment portions 112¢ of the drive
member 11V are each provided between the third springs
SP3 which are adjacent to each other to abut against the end
portions of such third springs SP3 in the circumferential
direction. Meanwhile, with the damper device 10V in the
attached state, the outer spring abutment portions 141co and
142co of the second intermediate member 14V abut against
the end portions, in the circumferential direction, of the third
springs SP3, which are adjacent to each other, that do not
abut against the spring abutment portions 112¢ of the drive
member 11V. Furthermore, with the damper device 10V in
the attached state, each inner spring abutment portion 141c¢i
and each inner spring abutment portion 142¢i of the second
intermediate member 14V are provided between the fourth
springs SP4 which are adjacent to each other to abut against
the end portions of such fourth springs SP4 in the circum-
ferential direction. Meanwhile, with the damper device 10V
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in the attached state, the second spring abutment portions
162¢ of the driven member 16V abut against the end
portions, in the circumferential direction, of the fourth
springs SP4, which are adjacent to each other, that do not
abut against the inner spring abutment portions 141¢i and
142¢i of the second intermediate member 14V. Conse-
quently, the drive member 11V and the second intermediate
member 14V are coupled to each other via the plurality of
third springs SP3 which act in parallel with each other, and
the second intermediate member 14V and the driven mem-
ber 16V are coupled to each other via the plurality of fourth
springs SP4 which act in parallel with each other. Thus, the
drive member 11V and the driven member 16V are coupled
to each other via the plurality of third springs SP3, the
second intermediate member 14V, and the plurality of fourth
springs SP4.

[0161] Meanwhile, the intermediate springs SPm are sup-
ported by the spring support portion 1431 of the third plate
member 143V of the second intermediate member 14V, and
partially overlap the first springs SP1 and the third springs
SP3 in the radial direction as seen in the axial direction at
locations between the first and second springs SP1 and SP2
and the third and fourth springs SP3 and SP4 in the axial
direction. Furthermore, with the damper device 10V in the
attached state, the pair of spring abutment portions 1234 of
the third plate member 123V which is included in the first
intermediate member 12V abut against the respective end
portions of the intermediate springs SPm in the circumfer-
ential direction. In addition, the pair of spring abutment
portions 1434 of the third plate member 143V which is
included in the second intermediate member 14V also abut
against the respective end portions of the intermediate spring
SPm in the circumferential direction. Consequently, with the
damper device 10V in the attached state, each intermediate
spring SPm is supported from both sides in the circumfer-
ential direction by the pair of spring abutment portions 1234
of the first intermediate member 12V, that is, the third plate
member 123V, and supported from both sides in the circum-
ferential direction by the pair of spring abutment portions
143d of the second intermediate member 14V, that is, the
third plate member 143V. Thus, the first intermediate mem-
ber 12V and the second intermediate member 14V are
coupled to each other via the plurality of intermediate
springs SPm. Spring seats may be disposed between the end
portions of the intermediate springs SPm and the spring
abutment portions 1234 and 1434.

[0162] In the damper device 10V discussed above, an
attachment radius rgp; of the third springs SP3 is determined
to be larger than attachment radii rgp;, rsp,, and rgp, of the
first, second, and fourth springs SP1, SP2, and SP4. In
addition, the attachment radius r,, of the first springs SP1
is determined to be larger than the attachment radii rgz, and
I'p, Of the second and fourth springs SP2 and SP4. Further-
more, the attachment radius rg,, of the fourth springs SP4 is
determined to be larger than the attachment radius r,, of the
second springs SP2. In the damper device 10V as well, the
natural frequency (f,,) of the second intermediate member
14V is higher than the natural frequency (f,,) of the first
intermediate member 12V, and the average attachment
radius ro of the third and fourth springs SP3 and SP4
corresponding to the second intermediate member 14V,
which has a natural frequency that is higher than that of the
first intermediate member 12V, is determined to be larger
than the average attachment radius ri of the first and second
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springs SP1 and SP2 corresponding to the first intermediate
member 12. That is, the axis of the third springs SP3 which
have the largest spring constant (rigidity), of the first to
fourth springs SP1 to SP4, is positioned on the outer side, in
the radial direction of the damper device 10V, with respect
to the axes of the first and second springs SP1 and SP2 (and
the fourth springs SP4). In the damper device 10V, in
addition, the third springs SP3 are disposed on the radially
outer side of the first and second springs SP1 and SP2 (and
the fourth springs SP4) so as to partially overlap the first
springs SP1 in the radial direction as seen in the axial
direction.

[0163] Consequently, it is possible to increase the tor-
sional angle (stroke) of the third springs SP3 with a high
rigidity, and the rigidity of the third springs SP3 can be
lowered while allowing transfer of large torque to the drive
member 11V. As a result, it is possible to further reduce the
equivalent rigidity keq of the damper device 10V, and to
further shift resonance of the entire vibration system includ-
ing the damper device 10V to the low-rotation side (low-
frequency side). Thus, the vibration damping performance
of the damper device 10V can also be improved extremely
well by bringing the frequency of the antiresonance point A
described above closer to the frequency of resonance of the
entire vibration system. In addition, by causing the second
intermediate member 14V to support the third springs SP3,
it is possible to reduce the relative speed between the third
springs SP3, which are deflected in accordance with the
torsional angle of the second intermediate member 14V with
respect to the drive member 11V or the driven member 16V,
and the second intermediate member 14V. Thus, a friction
force generated between the second intermediate member
14V and the third springs SP3 can be reduced. Thus, it is
possible to lower the hysteresis of the entire damper device
10V.

[0164] Furthermore, the third springs SP3 are disposed on
the outer side of the fourth springs SP4 in the radial direction
of the damper device 10V, the first and second springs SP1
and SP2 are disposed away from the third and fourth springs
SP3 and SP4 in the axial direction of the damper device 10V,
and the first springs SP1 are disposed on the outer side of the
second spring SP2 in the radial direction. Consequently, it is
possible to enhance the degree of freedom in setting of the
first to fourth springs SP1 to SP4 such as the spring constant
(rigidity), the number of the first to fourth springs SP1 to
SP4 to be disposed, and the torsional angle (stroke). In the
damper device 10V, in addition, the axis of the third springs
SP3 and the axis of the fourth springs SP4 are included in a
first plane that is orthogonal to the center axis CA. Further-
more, the axis of the first springs SP1 and the axis of the
second springs SP2 are included in a second plane that is
orthogonal to the center axis CA and that is located away
from the first plane described above in the axial direction of
the damper device 10V. Consequently, it is possible to
suppress an increase in the axial length of the damper device
10V. Furthermore, the degree of freedom in setting of the
intermediate springs SPm such as the rigidity, the number of
the intermediate springs SPm to be disposed, and the tor-
sional angle (stroke) can be enhanced by disposing the
intermediate springs SPm between the first and second
springs SP1 and SP2 and the third and fourth springs SP3
and SP4 in the axial direction.

[0165] The axes of the third and fourth springs SP3 and
SP4 may not be included in the first plane described above
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which is orthogonal to the center axis CA. The axes of the
first and second springs SP1 and SP2 may not be included
in the second plane described above which is orthogonal to
the center axis CA. In the damper device 10V, in addition,
the intermediate springs SPm may be supported by the first
intermediate member 12V (e.g. the third plate 123V).
[0166] FIG. 16 is a sectional view illustrating another
damper device 10W according to the present disclosure.
Constituent elements of the damper device 10W that are
identical to the elements of the damper devices 10 to 10V
discussed above are given the same numerals to omit
redundant descriptions.

[0167] A drive member 11W of the damper device 10W
illustrated in FIG. 16 is coupled so as to rotate together with
a lock-up piston of a single-plate lock-up clutch or a clutch
drum of a multi-plate lock-up clutch, and includes a first
plate member 111W and a second plate member 112W
formed in an annular shape. The first plate member 111W
has a plurality of spring abutment portions 111¢ formed at
intervals in the circumferential direction so as to extend in
the radial direction of the damper device 10W. The outer
peripheral portion of the first plate member 111W is engaged
with the lock-up piston or the clutch drum. The second plate
member 112W has a plurality of spring abutment portions
112¢ formed at intervals in the circumferential direction so
as to extend in the radial direction of the damper device
10W, and is coupled so as to rotate together with the first
plate member 111W. When the first and second plate mem-
bers 111W and 112W are coupled to each other, the plurality
of spring abutment portions 111¢ and the plurality of spring
abutment portions 112¢ are spaced away from each other in
the axial direction and the radial direction of the damper
device 10W.

[0168] A first intermediate member 12W of the damper
device 10W has an annular spring support portion 125, a
plurality of inner spring abutment portions 12¢, and a
plurality of outer spring abutment portions 124 formed on
the radially outer side with respect to the inner spring
abutment portions 12¢. The spring support portion 126 is
formed so as to support (guide) the outer peripheral portions
of the plurality of intermediate springs SPm, the side por-
tions (right side portions in FIG. 16) of such springs on the
front cover side (transmission side), and the outer peripheral
side (shoulder portions) of the side portions of such springs
on the turbine runner side. The plurality of inner spring
abutment portions 12¢ are formed at intervals in the circum-
ferential direction so as to project radially inward from the
inner peripheral portion of the spring support portion 125.
The outer spring abutment portions 124 are formed sym-
metrically with respect to the axis of the first intermediate
member 12W such that two (a pair of) outer spring abutment
portions 12d are proximate to each other. The two outer
spring abutment portions 124 which are paired with each
other are arranged in the circumferential direction at an
interval that matches the natural length of the intermediate
spring SPm, for example.

[0169] A second intermediate member 14W of the damper
device 10W includes: a first plate member 141W disposed in
proximity to the turbine runner (not illustrated); a second
plate member 142W disposed on the front cover (not illus-
trated) side, that is, the engine side (right side in the
drawing), with respect to the first plate member 141W; and
a third plate member 143W disposed on the front cover side
with respect to the second plate member 142W. The first to
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third plate members 141W, 142W, and 143 W are formed in
an annular shape, and coupled to each other via a plurality
of rivets.

[0170] The first plate member 141W has a plurality of
inner spring housing windows 141wi, a plurality of outer
spring housing windows 141wo, a plurality of spring support
portions 1411, 1412, 1413, and 1414, a plurality of inner
spring abutment portions 141c¢i, and a plurality of outer
spring abutment portions 141co. The plurality of inner
spring housing windows 141wi extend arcuately, and are
disposed at intervals (equal intervals) in the circumferential
direction in the inner peripheral portion of the first plate
member 141W. The plurality of spring support portions 1411
extend along the inner peripheral edges of the respective
inner spring housing windows 141wi, and are arranged at
intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1412 extend along
the outer peripheral edges of the respective inner spring
housing windows 141wi, and are arranged at intervals (equal
intervals) in the circumferential direction to face the respec-
tive spring support portions 1411 in the radial direction of
the first plate member 141W. In addition, the inner spring
abutment portions 141c¢i are provided such that each inner
spring abutment portion 141¢i is interposed between the
inner spring housing windows 141wi (spring support por-
tions 1411 and 1412) which are adjacent to each other along
the circumferential direction.

[0171] The plurality of outer spring housing windows
141wo extend arcuately, and are disposed at intervals in the
circumferential direction in the outer peripheral portion of
the first plate member 141W so as to be positioned on the
radially outer side with respect to the inner spring housing
windows 141wi. The plurality of spring support portions
1413 extend along the inner peripheral edges of the respec-
tive outer spring housing windows 141wo, and are arranged
at intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1414 extend along
the outer peripheral edges of the respective outer spring
housing windows 141wo, and are arranged at intervals
(equal intervals) in the circumferential direction to face the
respective spring support portions 1413 in the radial direc-
tion of the first plate member 141W. Furthermore, the outer
spring abutment portions 141co are provided such that each
outer spring abutment portion 141co is interposed between
the outer spring housing windows 141wo (spring support
portions 1413 and 1414) which are adjacent to each other
along the circumferential direction.

[0172] The second plate member 142W has a plurality of
inner spring housing windows 142wi, a plurality of outer
spring housing windows 142wo, a plurality of spring support
portions 1421, 1422, 1423, and 1424, a plurality of inner
spring abutment portions 142¢i, and a plurality of outer
spring abutment portions 142co. The plurality of inner
spring housing windows 142wi extend arcuately, and are
disposed at intervals (equal intervals) in the circumferential
direction in the inner peripheral portion of the second plate
member 142W. The plurality of spring support portions
1421 extend along the inner peripheral edges of the respec-
tive inner spring housing windows 142wi, and are arranged
at intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1422 extend along
the outer peripheral edges of the respective inner spring
housing windows 142wi, and are arranged at intervals (equal
intervals) in the circumferential direction to face the respec-
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tive spring support portions 1421 in the radial direction of
the second plate member 142W. In addition, the inner spring
abutment portions 142¢i are provided such that each inner
spring abutment portion 142¢i is interposed between the
inner spring housing windows 142wi (spring support por-
tions 1421 and 1422) which are adjacent to each other along
the circumferential direction.

[0173] The plurality of outer spring housing windows
142wo extend arcuately, and are disposed at intervals in the
circumferential direction in the outer peripheral portion of
the second plate member 142W so as to be positioned on the
radially outer side with respect to the inner spring housing
windows 142wi. The plurality of spring support portions
1423 extend along the inner peripheral edges of the respec-
tive outer spring housing windows 142wo, and are arranged
at intervals (equal intervals) in the circumferential direction.
The plurality of spring support portions 1424 extend along
the outer peripheral edges of the respective outer spring
housing windows 142wo, and are arranged at intervals
(equal intervals) in the circumferential direction to face the
respective spring support portions 1423 in the radial direc-
tion of the second plate member 142W. In addition, the outer
spring abutment portions 142co are provided such that each
outer spring abutment portion 142co is interposed between
the outer spring housing windows 142wo (spring support
portions 1423 and 1424) which are adjacent to each other
along the circumferential direction.

[0174] The third plate member 143W has a plurality of
spring abutment portions 1434 that extend in the axial
direction of the damper device 10W. The spring abutment
portions 1434 are formed symmetrically with respect to the
axis of the third plate member 143W such that two (a pair
of) spring abutment portions 1434 are proximate to each
other. The two spring abutment portions 1434 which are
paired with each other are arranged in the circumferential
direction at an interval that matches the natural length of the
intermediate spring SPm, for example. As illustrated in FIG.
16, the end portion of the third plate member 143W on the
opposite side of the plurality of spring abutment portions
143d is coupled (fixed) to the first and second plate members
141W and 142W via a plurality of rivets on the radially outer
side of the spring support portions 1424. Consequently, the
plurality of spring abutment portions 143d project toward
the front cover (rightward in the drawing).

[0175] A driven member 16 W of the damper device 10W
includes a first plate member 161 W, a second plate member
162W, and a third plate member 163W formed in an annular
shape. The first plate member 161W has a plurality of spring
abutment portions 161¢ formed at intervals in the circum-
ferential direction so as to extend radially outward from the
inner peripheral portion. The inner peripheral portion of the
first plate member 161W is fixed to the turbine hub (not
illustrated) via a plurality of rivets. The second plate mem-
ber 162W has: a plurality of spring housing windows 162w
disposed at intervals (equal intervals) in the circumferential
direction; a plurality of spring support portions 1621 that
extend along the inner peripheral edges of the respective
spring housing windows 162w; a plurality of spring support
portions 1622 that extend along the outer peripheral edges of
the respective spring housing windows 162w; and a plurality
of spring abutment portions 162¢. The plurality of spring
abutment portions 162¢ are provided such that each spring
abutment portion 162c¢ is interposed between the spring
housing windows 162w (spring support portions 1621 and
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1622) which are adjacent to each other along the circum-
ferential direction. The second plate member 162W is
coupled so as to rotate together with the first plate member
161W. When the first and second plate members 161W and
162W are coupled to each other, the plurality of spring
abutment portions 161¢ and the plurality of spring abutment
portions 162¢ are spaced away from each other in the axial
direction and the radial direction of the damper device 10W.

[0176] The third plate member 163W has: a plurality of
(e.g. three) spring housing windows 163w disposed at inter-
vals (equal intervals) in the circumferential direction; a
plurality of spring support portions 1631 that extend along
the inner peripheral edges of the respective spring housing
windows 163w; a plurality of spring support portions 1632
that extend along the outer peripheral edges of the respective
spring housing windows 163w; and a plurality of spring
abutment portions 163¢. The plurality of spring abutment
portions 163¢ are provided such that each spring abutment
portion 163¢ is interposed between the spring housing
windows 163w (spring support portions 1631 and 1632)
which are adjacent to each other along the circumferential
direction. As illustrated in FIG. 16, the third plate member
163W is coupled (fixed) to the second plate member 162W
via a plurality of rivets such that the spring support portions
1631 and 1632 face the respective spring support portions
1621 and 1622 of the second plate member 162W.

[0177] As illustrated in FIG. 16, the first and second plate
members 141W and 142W of the second intermediate mem-
ber 14W are coupled such that the associated spring support
portions 1411 to 1414 and spring support portions 1421 to
1424 face each other. In addition, the spring support portions
1413 and 1414 of the first plate member 141W and the
spring support portions 1423 and 1424 of the second plate
member 142W support (guide) the associated third springs
SP3. Furthermore, the spring support portions 1411 and
1412 of the first plate member 141W and the spring support
portions 1421 and 1422 of the second plate member 142W
support (guide) the associated second springs SP2. Conse-
quently, the plurality of third springs SP3 are supported by
the first and second plate members 141W and 142W so as to
be arranged at intervals in the circumferential direction on
the outer peripheral side of the damper device 10W. In
addition, the plurality of fourth springs SP4 are supported by
the first and second plate members 141W and 142W so as to
be arranged at intervals in the circumferential direction on
the radially inner side with respect to the plurality of third
springs SP3. Furthermore, the first plate member 111W of
the drive member 11W is disposed between the outer spring
abutment portions 141co and 142co of the first and second
plate members 141W and 142W in the axial direction. In
addition, the first plate member 161W of the driven member
16 W is disposed between the inner spring abutment portions
141c¢i and 142c¢i of the first and second plate members 141W
and 142W in the axial direction.

[0178] With the damper device 10W in the attached state,
the spring abutment portions 111¢ of the first plate member
111W of the drive member 11W are each provided between
the third springs SP3 which are adjacent to each other to abut
against the end portions of such third springs SP3 in the
circumferential direction. Meanwhile, with the damper
device 10W in the attached state, the outer spring abutment
portions 141co and 142co of the second intermediate mem-
ber 14W abut against the end portions, in the circumferential
direction, of the third springs SP3, which are adjacent to
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each other, that do not abut against the spring abutment
portions 111¢ of the drive member 11W. Furthermore, with
the damper device 10W in the attached state, each inner
spring abutment portion 141¢i and each inner spring abut-
ment portion 142¢i of the second intermediate member 14W
are provided between the fourth springs SP4 which are
adjacent to each other to abut against the end portions of
such fourth springs SP4 in the circumferential direction.
Meanwhile, with the damper device 10W in the attached
state, the spring abutment portions 161¢ of the first plate
member 161W of the driven member 16W abut against the
end portions, in the circumferential direction, of the fourth
springs SP4, which are adjacent to each other, that do not
abut against the inner spring abutment portions 141¢i and
142¢i of the second intermediate member 14W. Conse-
quently, the drive member 11W and the second intermediate
member 14W are coupled to each other via the plurality of
third springs SP3 which act in parallel with each other, and
the second intermediate member 14W and the driven mem-
ber 16 W are coupled to each other via the plurality of fourth
springs SP4 which act in parallel with each other. Thus, the
drive member 11W and the driven member 16 W are coupled
to each other via the plurality of third springs SP3, the
second intermediate member 14W, and the plurality of
fourth springs SP4.

[0179] As illustrated in FIG. 16, the spring abutment
portions 112¢ of the second plate member 112W of the drive
member 11W and the inner spring abutment portions 12¢ of
the first intermediate member 12W are disposed between the
second and third plate members 162W and 13W of the
driven member 16W in the axial direction. In addition, the
first and second springs SP1 and SP2 are supported by the
associated spring support portions 1621, 1622, 1631, and
1632 of the driven member 16 W, that is, the second and third
plate members 162W and 163W, such that one first spring
SP1 and one second spring SP2 are paired (act in series with
each other) and such that the first and second springs SP1
and SP2 are arranged alternately in the circumferential
direction (circumferential direction of the first intermediate
member 12W). Furthermore, with the damper device 10W in
the attached state, the spring abutment portions 112¢ of the
second plate member 112W of the drive member 11W are
each provided between the first and second springs SP1 and
SP2, which are not paired (do not act in series with each
other), to abut against the end portions of such first and
second springs SP1 and SP2 in the circumferential direction.
In addition, the inner spring abutment portions 12¢ of the
first intermediate member 12W are each provided between
the second and third plate members 161W and 162W in the
axial direction, and between the first and second springs SP1
and SP2, which are paired with each other (act in series with
each other), to abut against the end portions of such first and
second springs SP1 and SP2 in the circumferential direction.
Further, with the damper device 10W in the attached state,
as with the spring abutment portions 112¢ of the drive
member 11W, each spring abutment portion 162¢ and each
spring abutment portion 163¢ of the driven member 16 W are
provided between the first and second springs SP1 and SP2,
which are not paired (do not act in series with each other),
to abut against the end portions of such first and second
springs SP1 and SP2 in the circumferential direction. Con-
sequently, the drive member 11W and the driven member
16W are coupled to each other via the plurality of first
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springs SP1, the first intermediate member 12W, and the
plurality of second springs SP2.

[0180] Meanwhile, the intermediate springs SPm are sup-
ported by the spring support portion 126 of the first inter-
mediate member 12W, overlap the first and second springs
SP1 and SP2 in the axial direction as seen in the radial
direction on the radially outer side of the first and second
springs SP1 and SP2, and partially overlap the third springs
SP3 in the radial direction as seen in the axial direction.
Furthermore, the pair of outer spring abutment portions 124
of the first intermediate member 12W abut against the
respective end portions of the intermediate spring SPm in
the circumferential direction. In addition, with the damper
device 10W in the attached state, the pair of spring abutment
portions 1434 of the third plate member 143W which is
included in the second intermediate member 14W abut
against the respective end portions of the intermediate spring
SPm in the circumferential direction. Consequently, with the
damper device 10W in the attached state, each intermediate
spring SPm is supported from both sides in the circumfer-
ential direction by the pair of outer spring abutment portions
12d of the first intermediate member 12W, and supported
from both sides in the circumferential direction by the pair
of spring abutment portions 1434 of the second intermediate
member 14W, that is, the third plate member 143W. Thus,
the first intermediate member 12W and the second interme-
diate member 14W are coupled to each other via the
plurality of intermediate springs SPm. Spring seats may be
disposed between the end portions of the intermediate
springs SPm and the spring abutment portions 124 and 1434.

[0181] In the damper device 10W discussed above, the
attachment radius rp; of the third springs SP3 is determined
to be larger than the attachment radii rgp,, I'spy, and rep, of
the first, second, and fourth springs SP1, SP2, and SP4, and
the attachment radii rgp, and rgp, of the first and second
springs SP1 and SP2 are determined to be the same as each
other and larger than the attachment radius rg,, of the fourth
springs SP4. In the damper device 10W as well, the natural
frequency (f,,) of the second intermediate member 14W is
higher than the natural frequency (f,,) of the first interme-
diate member 12W, and the average attachment radius ro of
the third and fourth springs SP3 and SP4 corresponding to
the second intermediate member 14W, which has a natural
frequency that is higher than that of the first intermediate
member 12W, is determined to be larger than the average
attachment radius ri of the first and second springs SP1 and
SP2 corresponding to the first intermediate member 12. That
is, the axis of the third springs SP3 which have the largest
spring constant (rigidity), of the first to fourth springs SP1
to SP4, is positioned on the outer side, in the radial direction
of the damper device 10W, with respect to the axes of the
first and second springs SP1 and SP2 (and the fourth springs
SP4). In the damper device 10W, in addition, the third
springs SP3 are disposed on the radially outer side of the first
and second springs SP1 and SP2 (and the fourth springs
SP4) so as to partially overlap the first and second springs
SP1 and SP2 in the radial direction as seen in the axial
direction.

[0182] Consequently, it is possible to increase the tor-
sional angle (stroke) of the third springs SP3 with a high
rigidity, and the rigidity of the third springs SP3 can be
lowered while allowing transfer of large torque to the drive
member 11W. As a result, it is possible to further reduce the
equivalent rigidity keq of the damper device 10W, and to
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further shift resonance of the entire vibration system includ-
ing the damper device 10W to the low-rotation side (low-
frequency side). Thus, the vibration damping performance
of the damper device 10V can also be improved extremely
well by bringing the frequency of the antiresonance point A
described above closer to the frequency of resonance of the
entire vibration system. In addition, by causing the second
intermediate member 14W to support the third springs SP3,
it is possible to reduce the relative speed between the third
springs SP3, which are deflected in accordance with the
torsional angle of the second intermediate member 14W
with respect to the drive member 11W or the driven member
16W, and the second intermediate member 14W. Thus, a
friction force generated between the second intermediate
member 14W and the third springs SP3 can be reduced.
Thus, it is possible to lower the hysteresis of the entire
damper device 10W.

[0183] Furthermore, the third springs SP3 are disposed on
the outer side of the fourth springs SP4 in the radial direction
of the damper device 10W, the first and second springs SP1
and SP2 are disposed away from the third and fourth springs
SP3 and SP4 in the axial direction of the damper device
10W, and the first and second springs SP1 and SP2 are
disposed on the same circumference. Consequently, it is
possible to enhance the degree of freedom in setting of the
third and fourth springs SP3 and SP4, in particular, such as
the spring constant (rigidity), the number of the third and
fourth springs SP3 and SP4 to be disposed, and the torsional
angle (stroke). In the damper device 10W, in addition, the
axis of the third springs SP3 and the axis of the fourth
springs SP4 are included in a first plane that is orthogonal to
the center axis CA. In addition, the axis of the first springs
SP1 and the axis of the second springs SP2 are included in
a second plane that is orthogonal to the center axis CA and
that is located away from the first plane described above in
the axial direction of the damper device 10W. Consequently,
it is possible to suppress an increase in the axial length of the
damper device 10W. Furthermore, by disposing the inter-
mediate springs SPm as discussed above, the degree of
freedom in setting of the intermediate springs SPm such as
the rigidity, the number of the intermediate springs SPm to
be disposed, and the torsional angle (stroke) can be
enhanced. It should be noted, however, that the axes of the
third and fourth springs SP3 and SP4 may not be included
in the first plane described above which is orthogonal to the
center axis CA, and that the axes of the first and second
springs SP1 and SP2 may not be included in the second
plane described above which is orthogonal to the center axis
CA.

[0184] As has been described above, the present disclo-
sure provides a damper device (10, 10V, 10W, 10X, 10Y,
107) that has an input element (11, 11V, 11W, 11X, 11Y,
117) to which torque from an engine (EG) is transferred and
an output element (16, 16V, 16W, 16X, 16Y, 16Z), includ-
ing: a first intermediate element (12, 12V, 12W, 12X, 12Y,
127); a second intermediate element (14, 14V, 14W, 14X,
14Y, 147); a first elastic body (SP11, SP1) that transfers
torque between the input element (11, 11V, 11W, 11X, 11Y,
117) and the first intermediate element (12, 12V, 12W, 12X,
12Y, 127); a second elastic body (SP12, SP2) that transfers
torque between the first intermediate element (12, 12V, 12W,
12X, 12Y, 127) and the output element (16, 16V, 16W, 16X,
16Y, 167); a third elastic body (SP21, SP3) that transfers
torque between the input element (11, 11V, 11W, 11X, 11Y,
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117) and the second intermediate element (14, 14V, 14W,
14X, 14Y, 147); a fourth elastic body (SP22, SP4) that
transfers torque between the second intermediate element
(14, 14V, 14W, 14X, 14Y, 147) and the output element (16,
16V, 16W, 16X, 16Y, 167); and a fifth elastic body (SPm)
that transfers torque between the first intermediate element
(12, 12V, 12W, 12X, 12Y, 127) and the second intermediate
element (14, 14V, 14W, 14X, 14Y, 147), in which: a natural
frequency (f,,) of the second intermediate element at a time
when torque is transferred from the input element to the
output element via all of the first to fifth elastic bodies is
higher than a natural frequency (1)) of the first intermediate
element at a time when torque is transferred from the input
element to the output element via all of the first to fifth
elastic bodies; and at least one of the third and fourth elastic
bodies (SP21, SP3, SP22, SP4) is disposed on a radially
outer side of the first and second elastic bodies (SP11, SP1,
SP12, SP2).

[0185] In the damper device according to the present
disclosure, two natural frequencies can be set for the entire
device when deflection of all of the first to fifth elastic bodies
is allowed. The studies and the analyses conducted by the
inventors revealed that the natural frequency of the damper
device which included the first to fifth elastic bodies became
lower as the rigidity of the fifth elastic body was lowered,
and that variations in the equivalent rigidity of the damper
device with respect to variations in the rigidity of the fifth
elastic body were significantly small compared to variations
in the equivalent rigidity of the damper device with respect
to variations in the rigidities of the first to fourth elastic
bodies. Thus, with the damper device according to the
present disclosure, by adjusting the rigidity of the fifth
elastic body, it is possible to set the two natural frequencies
of the entire damper device appropriately while keeping the
equivalent rigidity of the damper device appropriate and
suppressing an increase in the weights (moments of inertia)
of the first and second intermediate elements.

[0186] Furthermore, the equivalent rigidity of the damper
device can be reduced by disposing at least one of the third
and fourth elastic bodies corresponding to the second inter-
mediate element, which has a higher natural frequency, on
the radially outer side of the first and second elastic bodies
corresponding to the first intermediate element, which has a
lower natural frequency. As a result, the vibration damping
performance of the damper device according to the present
disclosure can be improved well.

[0187] More particularly, in the damper device according
to the present disclosure, a first torque transfer path is
formed by the first intermediate element and the first and
second elastic bodies, and a second torque transfer path is
formed by the second intermediate element and the third and
fourth elastic bodies, between the input element and the
output element. In addition, the damper device according to
the present disclosure includes the fifth elastic body in
addition to the first to fourth elastic bodies, and torque is
transferred between the first intermediate element and the
second intermediate element by the fifth elastic body. In
such a damper device, two natural frequencies can be set for
the entire device when deflection of all of the first to fifth
elastic bodies is allowed. In the case where two natural
frequencies are set for the entire device in this way, once
resonance at the lower one of the two natural frequencies is
generated in accordance with the frequency of vibration
transferred to the input element, the phase of vibration
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transferred from the second elastic body to the output
element and the phase of vibration transferred from the
fourth elastic body to the output element are shifted from
each other. Therefore, as the rotational speed of the input
element is increased after resonance at the lower one of the
two natural frequencies is generated, one of vibration trans-
ferred from the second elastic body to the output element
and vibration transferred from the fourth elastic body to the
output element cancels out at least a part of the other of
vibration transferred from the second elastic body to the
output element and vibration transferred from the fourth
elastic body to the output element. It is possible to set the
antiresonance point at which the vibration amplitude of the
output element is zero in theory with the phase of vibration
transferred from the second elastic body to the output
element and the phase of vibration transferred from the
fourth elastic body to the output element shifted by 180
degrees from each other so that the vibrations cancel out
each other.

[0188] Furthermore, the studies and the analyses con-
ducted by the inventors revealed that the natural frequency
on the low-rotation side (low-frequency side) and the fre-
quency of the antiresonance point became lower as the
rigidity of the fifth elastic body was lowered, and that the
difference between the natural frequency on the low-rotation
side and the frequency of the antiresonance point became
larger as the rigidity of the fifth elastic body was enhanced.
Thus, with the damper device according to the present
disclosure, by adjusting the rigidity of the fifth elastic body,
the natural frequency on the low-rotation side and the
frequency of the antiresonance point can be set appropriately
while keeping the equivalent rigidity appropriate in accor-
dance with the maximum torque input to the input element
and suppressing an increase in the weights (moments of
inertia) of the first and second intermediate elements. That
is, by further reducing the natural frequency on the low-
rotation side and the frequency of the antiresonance point by
adjusting the rigidity of the fifth elastic body, it is possible
to set the start point of a rotational speed band (frequency
band) in which one of vibration transferred from the second
elastic body to the output element and vibration transferred
from the fourth elastic body to the output element is used to
cancel out at least a part of the other on the lower-rotation
side, and to set the rotational speed (frequency) at which the
phase of vibration transferred from the second elastic body
to the output element and the phase of vibration transferred
from the fourth elastic body to the output element are shifted
by 180 degrees from each other to the low-rotation side. In
addition, by increasing the difference between the natural
frequency on the lower-rotation side and the frequency of
the antiresonance point by adjusting the rigidity of the fifth
elastic body, the rotational speed band in which one of
vibration transferred from the second elastic body to the
output element and vibration transferred from the fourth
elastic body to the output element is used to cancel out at
least a part of the other can also be widened. Furthermore,
it is possible to increase the torsional angle of at least one of
the third and fourth elastic bodies by disposing one of the
third and fourth elastic bodies corresponding to the second
intermediate element, which has a higher natural frequency,
on the radially outer side of the first and second elastic
bodies corresponding to the first intermediate element,
which has a lower natural frequency. Consequently, the
rigidity of at least one of the third and fourth elastic bodies
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can be lowered while allowing transfer of large torque to the
input element. Thus, it is possible to reduce the equivalent
rigidity of the damper device, and to further shift resonance
of'the entire vibration system including the damper device to
the low-rotation side (low-frequency side). As a result, the
vibration damping performance of the damper device
according to the present disclosure can be improved well by
bringing the frequency of the antiresonance point described
above closer to the frequency of vibration (resonance) to be
damped by the damper device.

[0189] An axis of at least one of the third and fourth elastic
bodies (SP21, SP3, SP22, SP4) may be positioned on the
radially outer side with respect to axes of the first and second
elastic bodies (SP11, SP1, SP12, SP2). That is, at least one
of the third and fourth elastic bodies may be disposed so as
to partially overlap at least one of the first and second elastic
bodies in the radial direction as seen in the axial direction.

[0190] A higher one of a rigidity of the third elastic body
(SP21, SP3) and a rigidity of the fourth elastic body (SP22,
SP4) may be higher than a higher one of a rigidity of the first
elastic body (S11, SP1) and a rigidity of the second elastic
body (SP12, SP2), and one of the third and fourth elastic
bodies (SP21, SP3) with the higher rigidity may be disposed
on the radially outer side of the first and second elastic
bodies (SP11, SP1, SP12, SP2). Consequently, it is possible
to reduce the equivalent rigidity of the damper device.
[0191] Rigidities of the third and fourth elastic bodies
(SP21, SP3, SP22, SP4) may be higher than rigidities of the
first and second elastic bodies (SP11, SP1, SP12, SP2), and
the third and fourth elastic bodies (SP21, SP3) may be
disposed on the radially outer side of the first and second
elastic bodies (S11, SP1, SP12, SP2). Consequently, it is
possible to lower the rigidities of the third and fourth elastic
bodies while allowing transfer of large torque to the input
element.

[0192] Rigidities k;;, k5, k,;, and k,, of the first to fourth
elastic bodies (SP11, SP1, SP12, SP2, SP21, SP3, SP22,
SP4) may be selected so as to meet k; <k, ,<k,, k,,. In the
damper device configured in this way, when deflection of all
of the first to fifth elastic bodies is allowed, torque is
transferred between the input element and the output ele-
ment via a third torque transfer path that includes the third
elastic body, the second intermediate element, the fifth
elastic body, the first intermediate element, and the second
elastic body, in addition to the first and second torque
transfer paths described above. Consequently, it is possible
to lower the rigidity of the first elastic body by decreasing
torque distribution to the first elastic body. Additionally, by
selecting the rigidities k,, k;,, k,;, and k,, so as to meet
k,, <k, ,<k,,<k,,, not only the rigidity k,, of the first elastic
body can be lowered, but also the rigidity k, , of the second
elastic body can be lowered. Thus, it is possible to further
reduce a friction force, that is, a hysteresis, generated
between the first and second elastic bodies and the rotary
elements by the weight reduction of the first and second
elastic bodies due to the low rigidity, and to immediately
complete phase inversion of vibration transferred from the
second or fourth elastic body to the output element due to
resonance of the first intermediate element by further reduc-
ing the natural frequency of the first intermediate element.
As a result, the vibration damping performance of the
damper device can be improved well by reducing a shift to
the high-frequency side due to the hysteresis in frequency in
which the phase of vibration transferred from the second
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elastic body to the output element is shifted by 180 degrees
with respect to the phase of vibration transferred from the
fourth elastic body to the output element.

[0193] When a rigidity of the fifth elastic body (SPm) is
defined as “k,,”, rigidities k;,, k;,, k,;, k»,, and k,,, of the
first to fifth elastic bodies (SP11, SP1, SP12, SP2, SP21,
SP3, SP22, SP4, SPm) may be selected so as to meet
k,, <k, <k, ,<k,, k,, . Consequently, it is possible to improve
the vibration damping performance of the damper device
extremely well by appropriately transferring torque from the
second intermediate element to the first intermediate ele-
ment via the fifth elastic body.

[0194] It should be noted, however, that the rigidity (k,,)
of the fifth elastic body (SPm) may be higher than the
rigidities (k,,, k;,, ks, and k,,) of the first to fourth elastic
bodies (SP11, SP1, SP12, SP2, SP21, SP3, SP22, SP4). That
is, the difference between the natural frequency on the
low-rotation side and the frequency of the antiresonance
point is larger as the rigidity of the fifth elastic body is higher
as discussed above. Thus, by making the rigidity of the fifth
elastic body higher than the rigidities of the first to fourth
elastic bodies, it is possible to widen the rotational speed
band in which one of vibration transferred from the second
elastic body to the output element and vibration transferred
from the fourth elastic body to the output element is used to
cancel out at least a part of the other, that is, a range in which
the vibration level of the output element may be lowered
well, by increasing the difference between the natural fre-
quency of the first intermediate element and the frequency of
the antiresonance point. Alternatively, the rigidity (k,,) of the
fifth elastic body (SPm) may be lower than the rigidities
(k5 k5, ks, and k,,) of the first to fourth elastic bodies
(SP11, SP1, SP12, SP2, SP21, SP3, SP22, SP4). That is, the
natural frequency on the low-rotation side (low-frequency
side) and the frequency of the antiresonance point are lower
as the rigidity of the fifth elastic body is lower as discussed
above. Thus, by making the rigidity of the fifth elastic body
lower than the rigidities of the first to fourth elastic bodies,
it is possible to set the start point of a rotational speed band
(frequency band) in which one of vibration transterred from
the second elastic body to the output element and vibration
transferred from the fourth elastic body to the output ele-
ment is used to cancel out at least a part of the other on the
lower-rotation side by reducing the natural frequency of the
first intermediate element and the frequency of the antireso-
nance point, and to set the rotational speed (frequency) at
which the phase of vibration transferred from the second
elastic body to the output element and the phase of vibration
transferred from the fourth elastic body to the output ele-
ment are shifted by 180 degrees from each other to the
lower-rotation side.

[0195] The third and fourth elastic bodies (SP21, SP3,
SP22, SP4) may be disposed side by side along a circum-
ferential direction. Consequently, it is possible to make the
damper device compact in the radial direction.

[0196] The third elastic body (SP3) may be disposed on
the radially outer side of the fourth elastic body (SP4), and
the first and second elastic bodies (SP1, SP2) may be
disposed away from the third and fourth elastic bodies (SP3,
SP4) in an axial direction. Consequently, it is possible to
enhance the degree of freedom in setting of the third and
fourth elastic bodies such as the rigidity, the number of the
third and fourth elastic bodies to be disposed, and the
torsional angle (stroke).
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[0197] The first and second elastic bodies (SP11, SP1,
SP12, SP2) may be disposed side by side along a circum-
ferential direction. Consequently, it is possible to make the
damper device compact in the radial direction.

[0198] The fifth elastic body (SPm) may be disposed side
by side with the third and fourth elastic bodies (SP21, SP22)
along a circumferential direction.

[0199] The fifth elastic body (SPm) may be disposed
between the third and fourth elastic bodies (SP21, SP22) and
the first and second elastic bodies (SP11, SP12) in a radial
direction. Consequently, it is possible to secure the torsional
angle (stroke) of the first to fifth elastic bodies well. In this
case, the fifth elastic body may be disposed so as to at least
partially overlap the first and second elastic bodies and the
third and fourth elastic bodies in the axial direction of the
damper device as seen in the radial direction of the damper
device.

[0200] The fifth elastic body (SPm) may be disposed
between the first and second elastic bodies (SP1, SP2) and
the third and fourth elastic bodies (SP3, SP4) in the axial
direction. Consequently, the degree of freedom in setting of
the intermediate springs SPm such as the rigidity, the
number of the intermediate springs SPm to be disposed, and
the torsional angle (stroke) can be enhanced.

[0201] The fifth elastic body (SPm) may be disposed on
the radially outer side of the first and second elastic bodies
(SP1, SP2). Consequently, the degree of freedom in setting
of the intermediate springs SPm such as the rigidity, the
number of the intermediate springs SPm to be disposed, and
the torsional angle (stroke) can be enhanced.

[0202] The input element (11, 11V, 11W, 11X, 11Y, 117)
may have an abutment portion (111ci, 112¢i, 111¢, 112¢,
113¢) that abuts against an end portion of the first elastic
body (SP11, SP1) in a circumferential direction and an
abutment portion (111co, 112co, 111c¢, 112¢) that abuts
against an end portion of the third elastic body (SP21) in the
circumferential direction; the output element (16, 16V, 16 W,
16X, 16Y, 167) may have an abutment portion (16c¢i, 161c,
162c¢i, 162¢, 163¢) that abuts against an end portion of the
second elastic body (SP12, SP2) in the circumferential
direction and an abutment portion (16co, 162co, 162¢) that
abuts against an end portion of the fourth elastic body
(SP22) in the circumferential direction; the first intermediate
element (12, 12V, 12W, 12X, 12Y, 127) may have an
abutment portion (121¢, 122¢, 12¢, 121co, 122¢0) that abuts
against an end portion of the first elastic body (SP11, SP1)
in the circumferential direction, an abutment portion (121c¢,
122¢, 12¢, 121c¢i, 122c¢i) that abuts against an end portion of
the second elastic body (SP12, SP2) in the circumferential
direction, an abutment portion (121d, 12d, 1234) that abuts
against a first end portion of the fifth elastic body (SPm) in
the circumferential direction, and an abutment portion
(121d, 12d, 50d, 123d) that abuts against a second end
portion of the fifth elastic body (SPm) in the circumferential
direction; and the second intermediate element (14, 14V,
14W, 14X, 14Y, 147) may have an abutment portion (14c,
14ca, 14cb, 141co, 142c0) that abuts against an end portion
of the third elastic body (SP21, SP3) in the circumferential
direction, an abutment portion (14c, 14ca, 14c¢b, 141ci,
142c¢) that abuts against an end portion of the fourth elastic
body (SP22, SP4) in the circumferential direction, an abut-
ment portion (14d, 143d) that abuts against the first end
portion of the fifth elastic body (SPm) in the circumferential
direction, and an abutment portion (144, 14da, 14db, 143d)
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that abuts against the second end portion of the fifth elastic
body (SPm) in the circumferential direction.

[0203] A moment of inertia (J,,) of the first intermediate
element (12, 12V, 12W, 12X, 12Y, 127) may be larger than
a moment of inertia (J,,) of the second intermediate element
(14, 14V, 14W, 14X, 14Y, 147). Consequently, it is possible
to lower the vibration level around the antiresonance point
by reducing the natural frequency of the first intermediate
element.

[0204] The first intermediate element (12, 12V, 12W, 12X,
12Y, 127) may be coupled so as to rotate together with a
turbine runner (5) of a fluid transmission apparatus. Conse-
quently, the substantial moment of inertia of the first inter-
mediate element (the total moment of inertia) can be
increased. Thus, it is possible to further reduce the natural
frequency of the first intermediate element.

[0205] Torque from the engine (EG) may be transferred to
the input element (11, 11V, 11W, 11X, 11Y, 117) via a
lock-up clutch (8); and a lock-up rotational speed (Nlup) of
the lock-up clutch (8) may be higher than a rotational speed
corresponding to the natural frequency (f,,) of the first
intermediate element (12, 12V, 12W, 12X, 12Y, 127) at the
time when torque is transferred from the input element (11,
11V, 11W, 11X, 11Y, 117) to the output element (16, 16V,
16W, 16X, 16Y, 167) via all of the first to fifth elastic bodies
(SP11, SP1, SP12, SP2, SP21, SP3, SP22, SP4, SPm), and
lower than a rotational speed corresponding to the natural
frequency (f,,) of the second intermediate element (14, 14V,
14W, 14X, 14Y, 147). In this way, with the rotational speed
corresponding to the natural frequency of the first interme-
diate element included in the non-lock-up region of the
lock-up clutch, one of vibration transferred from the second
elastic body to the output element and vibration transferred
from the fourth elastic body to the output element can be
used to cancel out at least a part of the other since the time
when lock-up is established by the lock-up clutch.

[0206] Deflection of the first to fifth elastic bodies (SP11,
SP1, SP12, SP2, SP21, SP3, SP22, SP4, SPm) may be
allowed until torque (T) transferred to the input element (11,
11V, 11W, 11X, 11Y, 117) becomes equal to or more than a
threshold (T1) determined in advance. Consequently, it is
possible to improve the vibration damping performance of
the damper device well when torque transferred to the input
element is relatively small and the rotational speed of the
input element is low.

[0207] The output element (16, 16V, 16W, 16X, 16Y, 167)
may be functionally (directly or indirectly) coupled to an
input shaft (IS) of a transmission (TM). The input element
(11, 11V, 11W, 11X, 11Y, 117) may be functionally (directly
or indirectly) coupled to an output shaft of an internal
combustion engine (EG).

[0208] The invention according to the present disclosure is
not limited to the embodiment described above in any way,
and it is a matter of course that the invention may be
modified in various ways without departing from the range
of the extension of the present disclosure. Furthermore, the
embodiment described above is merely a specific form of the
invention described in the “SUMMARY OF THE INVEN-
TION” section, and does not limit the elements of the
invention described in the “SUMMARY OF THE INVEN-
TION” section.
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INDUSTRIAL APPLICABILITY

[0209] The invention according to the present disclosure
can be utilized in the field of manufacture of damper devices
or the like.

1. A damper device comprising:

an input element to which torque from an engine is
transferred;

an output element;

a first intermediate element;

a second intermediate element;

a first elastic body that transfers torque between the input
element and the first intermediate element;

a second elastic body that transfers torque between the
first intermediate element and the output element;

athird elastic body that transfers torque between the input
element and the second intermediate element;

a fourth elastic body that transfers torque between the
second intermediate element and the output element;
and

a fifth elastic body that transfers torque between the first
intermediate element and the second intermediate ele-
ment, wherein:

a natural frequency of the second intermediate element at
a time when torque is transferred from the input ele-
ment to the output element via all of the first to fifth
elastic bodies is higher than a natural frequency of the
first intermediate element at a time when torque is
transferred from the input element to the output ele-
ment via all of the first to fifth elastic bodies; and

at least one of the third and fourth elastic bodies is
disposed on a radially outer side of the first and second
elastic bodies.

2. The damper device according to claim 1, wherein

an axis of at least one of the third and fourth elastic bodies
is positioned on the radially outer side with respect to
axes of the first and second elastic bodies.

3. The damper device according to claim 1, wherein

a higher one of a rigidity of the third elastic body and a
rigidity of the fourth elastic body is higher than a higher
one of a rigidity of the first elastic body and a rigidity
of the second elastic body, and one of the third and
fourth elastic bodies with the higher rigidity is disposed
on the radially outer side of the first and second elastic
bodies.

4. The damper device according to claim 1, wherein

rigidities of the third and fourth elastic bodies are higher
than rigidities of the first and second elastic bodies, and
the third and fourth elastic bodies are disposed on the
radially outer side of the first and second elastic bodies.

5. The damper device according to claim 1, wherein

rigidities k., k; ,, k,,, and k,, of the first to fourth elastic
bodies are selected so as to meet k; <k, ,<k,,=k,,.

6. The damper device according to claim 1, wherein

when a rigidity of the fifth elastic body is defined as “k,,”,
rigidities k,,, k;,, k,;, k,,, and k,,, of the first to fifth
elastic bodies are selected so as to meet
Ky <K<k p<kyssky,

7. The damper device according to claim 1, wherein

the third and fourth elastic bodies are disposed side by
side along a circumferential direction.

8. The damper device according to claim 1, wherein

the third elastic body is disposed on the radially outer side
of the fourth elastic body, and the first and second

Mar. 22, 2018

elastic bodies are disposed away from the third and
fourth elastic bodies in an axial direction.

9. The damper device according to claim 1, wherein

the first and second elastic bodies are disposed side by
side along a circumferential direction.

10. The damper device according to claim 1, wherein

the fifth elastic body is disposed side by side with the third
and fourth elastic bodies along a circumferential direc-
tion.

11. The damper device according to claim 8, wherein

the fifth elastic body is disposed between the third and
fourth elastic bodies and the first and second elastic
bodies in a radial direction.

12. The damper device according to claim 8, wherein

the fifth elastic body is disposed between the first and
second elastic bodies and the third and fourth elastic
bodies in the axial direction.

13. The damper device according to claim 8, wherein

the fifth elastic body is disposed on the radially outer side
of the first and second elastic bodies.

14. The damper device according to claim 1, wherein:

the input element has an abutment portion that abuts
against an end portion of the first elastic body in a
circumferential direction and an abutment portion that
abuts against an end portion of the third elastic body in
the circumferential direction;

the output element has an abutment portion that abuts
against an end portion of the second elastic body in the
circumferential direction and an abutment portion that
abuts against an end portion of the fourth elastic body
in the circumferential direction;

the first intermediate element has an abutment portion that
abuts against an end portion of the first elastic body in
the circumferential direction, an abutment portion that
abuts against an end portion of the second elastic body
in the circumferential direction, an abutment portion
that abuts against a first end portion of the fifth elastic
body in the circumferential direction, and an abutment
portion that abuts against a second end portion of the
fifth elastic body in the circumferential direction; and

the second intermediate element has an abutment portion
that abuts against an end portion of the third elastic
body in the circumferential direction, an abutment
portion that abuts against an end portion of the fourth
elastic body in the circumferential direction, an abut-
ment portion that abuts against the first end portion of
the fifth elastic body in the circumferential direction,
and an abutment portion that abuts against the second
end portion of the fifth elastic body in the circumfer-
ential direction.

15. The damper device according to claim 1, wherein

a moment of inertia of the first intermediate element is
larger than a moment of inertia of the second interme-
diate element.

16. The damper device according to claim 1, wherein

the first intermediate element is coupled so as to rotate
together with a turbine runner of a fluid transmission
apparatus.

17. The damper device according to claim 1, wherein:

torque from the engine is transferred to the input element
via a lock-up clutch; and

a lock-up rotational speed of the lock-up clutch is higher
than a rotational speed corresponding to the natural
frequency of the first intermediate element at the time
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when torque is transferred from the input element to the
output element via all of the first to fifth elastic bodies,
and lower than a rotational speed corresponding to the
natural frequency of the second intermediate element.

18. The damper device according to claim 1, wherein

deflection of the first to fifth elastic bodies is allowed until
torque transferred to the input element becomes equal
to or more than a threshold determined in advance.

19. The damper device according to claim 1, wherein

the output element is functionally coupled to an input
shaft of a transmission.

20. The damper device according to claim 2, wherein

a higher one of a rigidity of the third elastic body and a
rigidity of the fourth elastic body is higher than a higher
one of a rigidity of the first elastic body and a rigidity
of the second elastic body, and one of the third and
fourth elastic bodies with the higher rigidity is disposed
on the radially outer side of the first and second elastic
bodies.



