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ABSTRACT

A vpartitioning wall is integrally formed to a rubber elastic
body, partitioning second main liquid chambers. An upper
outer peripheral member and a lower outer peripheral mem-
ber are positioned in the axial direction by a partitioning wall
positioning member disposed in the second main liquid
chambers. The partitioning wall is retained to the peripheral

inside

of a retaining member in an axial direction (S) com-

pressed state.
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VIBRATION DAMPING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid-filled vibra-
tion damping device that prevents the transmission of vibra-
tions from a vibration generating member, and in particular
relates to a vibration damping device that is preferably
employed in for example a vehicle engine mount.

BACKGROUND ART

[0002] Forexample, a vibration damping deviceis installed
in vehicles such as passenger vehicles as an engine mount
between an engine that is a vibration generation section and a
vehicle body that is a vibration receiving section. In such a
vibration damping device, when axial direction relative
movement between an inner cylinder and an outer cylinder
occurs due to vibration generated by the engine, an elastic
body that connects the inner cylinder and the outer cylinder
undergoes elastic deformation, and the vibration is attenuated
due to liquid moving between a first main liquid chamber and
an auxiliary liquid chamber. In a vibration damping device
disclosed in Japanese Patent Application Laid-Open (JP-A)
No. 2002-310219, in addition to the above structure, two
main liquid chambers (second main liquid chambers) are
disposed in a direction orthogonal to the axial direction (an
axis orthogonal direction), and the second main liquid cham-
bers are placed in communication with the auxiliary liquid
chamber. Axis orthogonal direction vibration is attenuated by
the movement of liquid between the plural liquid chambers.
[0003] However, a dividing wall is formed to partition
between the plural second main liquid chambers in vibration
damping device structures capable of such axis orthogonal
direction vibration attenuation. Stress readily concentrates in
the dividing wall due to the action of compression and pulling
forces in the axial direction, and enhanced durability is
demanded.

[0004] Inavibration damping device disclosed in JP-A No.
2007-278399, an elastic body and dividing wall are config-
ured as two separate members. The durability of the dividing
wall is enhanced due to this two-member assembly. However,
in a two-member assembly, each member needs to be manu-
factured separately, increasing manufacturing costs.

DISCLOSURE OF INVENTION

Technical Problem

[0005] In consideration of the above circumstances, an
object of the present invention is to enhance the durability of
a partitioning wall in a vibration damping device that attenu-
ates vibration in an axis orthogonal direction orthogonal to
the axial direction, as well as in the axial direction.

Solution to Problem

[0006] A vibration damping device according to a first
aspect of the present invention includes: an inside attachment
member that is coupled to one section out of a vibration
generation section or a vibration receiving section; an outer
peripheral member that is coupled to the other section out of
the vibration generation section or the vibration receiving
section, that is disposed so as to surround the outer periphery
of the inside attachment member as viewed along a main
vibration input direction, and that includes an upper segment
and a lower segment that are segmented in the main vibration
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input direction; an elastic body that is disposed between the
inside attachment member and the outer peripheral member,
and that elastically connects together the inside attachment
member and the outer peripheral member; a first main liquid
chamber that is configured at the inside of the outer peripheral
member and at the lower segment side and main vibration
input direction outside of the inside attachment member, that
includes an internal wall having at least a portion configured
by the elastic body, and that is filled with liquid; an auxiliary
liquid chamber that is filled with liquid and includes a divid-
ing wall having a portion formed by a diaphragm such that the
auxiliary liquid chamber internal volume is capable of
expanding and contracting in response to liquid pressure
changes; a first restriction path that places the first main liquid
chamber and the auxiliary liquid chamber in communication
with each other and that enables liquid through flow; a liquid
chamber that is disposed between the inside attachment mem-
ber and the outer peripheral member as viewed along the main
vibration input direction, that has the elastic body partitioning
between the liquid chamber and the first main liquid chamber,
and that is filled with liquid; a partitioning wall that is inte-
grally formed to the elastic body, and that partitions the liquid
chamber into plural second main liquid chambers disposed
around the outer circumferential direction of the inside
attachment member; a positioning member that is disposed
between the upper segment and the lower segment of the outer
peripheral member and coupled to both segments, and that
performs positioning between the upper segment and the
lower segment in the main vibration input direction such that
the partitioning wall is in a compressed state in the main
vibration input direction; a retaining member configured in a
cylinder shape that retains the upper segment and the lower
segment positioned by the positioning member inside the
cylinder; and a second restriction path that enables liquid to
flow between the plural second main liquid chambers, or
between each of the second main liquid chambers and the
auxiliary liquid chamber.

[0007] In the vibration damping device of the first aspect,
when vibration is input from the vibration generation section
side to either the inside attachment member or the outer
peripheral member, the elastic body that is disposed between
the inside attachment member and the outer peripheral mem-
ber undergoes elastic deformation due to the input vibration.
Vibration is absorbed by vibration absorbing action based on
for example internal friction of the elastic body, reducing the
vibration that is transmitted to the vibration receiving section
side. Note that a portion of the vibration is absorbed by the
vibration absorbing action of the elastic body regardless of
whether the input vibration is a main vibration direction
vibration or a vibration in a direction substantially orthogonal
to the main vibration.

[0008] Moreover, when vibration is input in the main vibra-
tion direction, the first main liquid chamber expands and
contracts due to the elastic deformation of the elastic body,
and liquid flows through the first restriction path between the
first main liquid chamber and the auxiliary liquid chamber. A
damping function is exhibited due to for example liquid col-
umn resonance inside the first restriction path.

[0009] However, when vibration is input in a direction sub-
stantially orthogonal to the main vibration direction, the sec-
ond main liquid chambers configured between the inside
attachment member and the outer peripheral member expand
and contract due to relative movement of the inside attach-
ment member and the outer peripheral member. Liquid flows
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between these liquid chambers when the second main liquid
chambers and the auxiliary liquid chamber are in communi-
cation with each other. Moreover, when the plural second
main liquid chambers partitioned by the partitioning wall are
in communication with each other, liquid flows through
between these liquid chambers. A damping function is exhib-
ited due to for example liquid column resonance due to this
liquid through flow.

[0010] In the present aspect, the partitioning wall is inte-
grally formed to the elastic body. The outer peripheral mem-
ber is segmented into the upper segment and the lower seg-
ment in the main vibration input direction. The positioning
member is disposed between the upper segment and the lower
segment, and main vibration input direction positioning
between the upper segment and the lower segment is per-
formed by the positioning member such that the partitioning
wall is in a compressed state in the main vibration input
direction. The retaining member retains the thus positioned
upper segment and the lower segment inside the cylinder.
[0011] According to the above configuration, since the
outer peripheral member is segmented in the main vibration
input direction, the partitioning wall can be made to undergo
compression deformation by closing up the distance between
the upper segment and the lower segment when the partition-
ing wall with the retaining member are being retained. Pre-
compression is applied to the partitioning wall, accordingly
suppressing distortion of the partitioning wall during vibra-
tion input, and enabling the durability of the partitioning wall
to be enhanced. Moreover, main vibration input direction
positioning of the segmented upper segment and lower seg-
ment can be performed easily since the positioning member is
disposed between the upper segment and the lower segment.
[0012] Inavibration damping device according to a second
aspect of the present invention, the positioning member is
divided into plural divisions around the circumferential direc-
tion of the retaining member.

[0013] Assembly can be performed with ease by thus divid-
ing the positioning member into plural divisions around the
circumferential direction.

[0014] In a vibration damping device according to a third
aspect of the present invention, both main vibration input
direction end faces of the positioning member respectively
contact the upper segment and the lower segment, preventing
the upper segment and the lower segment from moving in a
direction approaching each other.

[0015] Positioning can be performed with a simple con-
figuration by thus making the positioning member contact
end faces of the upper segment and the lower segment.
[0016] In avibration damping device according to a fourth
aspect of the present invention, at least one of the upper
segment or the lower segment is disposed to the peripheral
inside of the positioning member.

[0017] Simple assembly of at least one of the upper seg-
ment or the lower segment to the positioning member can be
achieved by thus disposing the upper segment or the lower
segment, or both the upper segment and the lower segment, to
the peripheral inside of the positioning member.

[0018] In a vibration damping device according to a fifth
aspect of the present invention, the second restriction path is
configured between the positioning member and the retaining
member.

[0019] The positioning member can be employed to simply
configure the second main liquid chamber between the posi-
tioning member and the retaining member when an outer
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peripheral wall of the second main liquid chamber is config-
ured by the positioning member.

[0020] In a vibration damping device according to a sixth
aspect of the present invention, at least one of the upper
segment or the lower segment includes an extension portion
that extends towards the other of the upper segment or the
lower segment, and the positioning member performs posi-
tioning between the upper segment and the lower segment by
the extension portion contacting the other of the upper seg-
ment or the lower segment.

[0021] Positioning between the upper segment and the
lower segment can be performed without employing a sepa-
rate member by thus forming the extension portion to the
upper segment or the lower segment, or to both the upper
segment and the lower segment.

[0022] In a vibration damping device according to a sev-
enth aspect of the present invention, the second restriction
path is configured between the retaining member and the
lower segment.

[0023] The second restriction path can accordingly be con-
figured between the retaining member and the lower segment.
[0024] Inavibrationdamping device accordingto an eighth
aspect of the present invention, a slit is formed at the parti-
tioning wall at a position between the upper segment and the
lower segment and from the outer peripheral member side
outer face of the partitioning wall towards the inside attach-
ment member as viewed along the main vibration direction,
and positioning between the upper outer peripheral member
and the lower outer peripheral member is performed by the
positioning member such that the interfaces of the slit in the
partitioning wall are pressed against each other.

[0025] Forming the slit in the partitioning wall divides the
partitioning wall into an upper segment side and a lower
segment side on either side of the slit. The divided upper and
lower portions are accordingly capable of vibrating sepa-
rately during vibration input, thereby enabling distortion dur-
ing vibration input to be suppressed, and enabling an increase
in the durability of the partitioning wall.

[0026] In a vibration damping device according to a ninth
aspect of the present invention, the vibration damping device
further includes a partitioning member that is disposed
between the first main liquid chamber and the auxiliary liquid
chamber and that partitions the chambers from each other,
and the first restricting path is configured in the partitioning
member.

[0027] The first restriction path can be configured in the
partitioning member by partitioning the first main liquid
chamber and the auxiliary liquid chamber with the partition-
ing member. Relatively high degrees of freedom can accord-
ingly be achieved for designing for example the path length
and cross-section of the first restriction path.

[0028] A vibration damping device according to a tenth
aspect of the present invention includes: an inside attachment
member that is coupled to one section out of a vibration
generation section or a vibration receiving section; an outer
peripheral member that is coupled to the other section out of
the vibration generation section or the vibration receiving
section and that is disposed so as to surround the outer periph-
ery of the inside attachment member as viewed along a main
vibration input direction; an elastic body that is disposed
between the inside attachment member and the outer periph-
eral member, that elastically connects together the inside
attachment member and the outer peripheral member and
configures a liquid chamber between the inside attachment
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member and the outer peripheral member, and that includes
an upper elastic body positioned at a main vibration input
direction first side and an elastic body main portion posi-
tioned at the main vibration input direction other side with the
liquid chamber interposed between the upper elastic body and
the elastic body main portion; a partitioning wall that is dis-
posed so as to connect together the upper elastic body and the
elastic body main portion in a main vibration input direction
compressed state, and that partitions the liquid chamber into
plural second main liquid chambers disposed around the
outer circumferential direction of the inside attachment mem-
ber; a first main liquid chamber that is configured at the inside
of the outer peripheral member and the main vibration input
direction outside of the inside attachment member, that
includes an internal wall having at least a portion configured
by the elastic body main portion, and that is filled with liquid;
an auxiliary liquid chamber that is filled with liquid and
includes a dividing wall having a portion formed by a dia-
phragm such that the auxiliary liquid chamber internal vol-
ume is capable of expanding and contracting in response to
liquid pressure changes; a first restriction path that places the
first main liquid chamber and the auxiliary liquid chamber in
communication with each other and that enables liquid
through flow; and a second restriction path that enables liquid
to flow between the plural second main liquid chambers, or
between each of the second main liquid chambers and the
auxiliary liquid chamber.

[0029] In the vibration damping device according to the
tenth aspect, when vibration is input from the vibration gen-
eration section side to either the inside attachment member or
the outer peripheral member, the elastic body that is disposed
between the inside attachment member and the outer periph-
eral member undergoes elastic deformation due to the input
vibration. Vibration is absorbed by vibration absorbing action
based on for example internal friction in the elastic body,
reducing the vibration that is transmitted to the vibration
receiving section side. Note that a portion of the vibration is
absorbed by the vibration absorbing action of the elastic body
regardless of whether the input vibration is a main vibration
direction vibration or a vibration in a direction substantially
orthogonal to the main vibration.

[0030] Moreover, when vibration is input in the main vibra-
tion direction, the first main liquid chamber expands and
contracts due to elastic deformation of the elastic body, and
liquid flows through between the first main liquid chamber
and the auxiliary liquid chamber through the first restriction
path. A damping function is exhibited due to for example
liquid column resonance inside the first restriction path.
[0031] However, when vibration is input in a direction sub-
stantially orthogonal to the main vibration direction, the sec-
ond main liquid chambers configured between the inside
attachment member and the outer peripheral member expand
and contract due to relative movement of the inside attach-
ment member and the outer peripheral member. When the
second main liquid chambers and the auxiliary liquid cham-
ber are in communication with each other, liquid flows
between these liquid chambers. Moreover, when the plural
second main liquid chambers partitioned by the partitioning
wall are in communication with each other, liquid flows
between these liquid chambers. A damping function is exhib-
ited due to for example liquid column resonance due to such
liquid through flow.

[0032] In the vibration damping device according to the
tenth aspect, the partitioning wall is disposed so as to connect

Jul. 11,2013

together the upper elastic body and the elastic body main
portion in a main vibration input direction compressed state.
Distortion of the partitioning wall during vibration input can
be suppressed, enabling the durability of the partitioning wall
to be enhanced, due to thus disposing the partitioning wall in
amain vibration input direction compressed state, namely, by
applying precompression.

[0033] Ina vibration damping device according to an elev-
enth aspect of the present invention, the upper elastic body is
connected to the outer peripheral member by an upper con-
nector fixed to the outer periphery of the upper elastic body
and the elastic body main portion is connected to the outer
peripheral member by a lower connector fixed to the outer
periphery of the elastic body main portion.

[0034] Due to thus fixing the connectors (upper connector,
lower connector) to the outer periphery of the upper elastic
body and the elastic body main portion and connecting the
outer peripheral member through the connectors, assembly
and positioning can be performed with ease.

[0035] Inavibration damping device according to a twelfth
aspect of the present invention, the main vibration input direc-
tion compression ratio at the radial direction outside of the
partitioning wall is greater than the main vibration input
direction compression ratio at the radial direction inside of
the partitioning wall.

[0036] The radial direction inside of the partitioning wall is
at a position corresponding to a central portion of the elastic
body main portion on the side closest to the inside attachment
member. Accordingly, the influence to the spring constant of
the elastic body main portion tends to increase as the com-
pression ratio at the radial direction central side of the parti-
tioning wall gets greater. As explained above, the main vibra-
tion input direction compression ratio at the radial direction
outside of the partitioning wall is set greater than the main
vibration input direction compression ratio at the radial direc-
tion inside of the partitioning wall, thereby enabling precom-
pression to be applied while still suppressing influence to the
elastic body main portion.

[0037] In a vibration damping device according to a thir-
teenth aspect of the present invention a projection portion is
formed at an outside face of the upper elastic body corre-
sponding to the partitioning wall.

[0038] The strength of the partitioning wall can be
increased, and movement during vibration input can be sup-
pressed due to thus forming the projection portion to the
outside face of the upper elastic body corresponding to the
partitioning wall.

[0039] In a vibration damping device according to a four-
teenth aspect of the present invention, the inside attachment
member is divided in the main vibration input direction, with
the upper elastic body connected to a first segment of the
inside attachment member and with the elastic body main
portion, which is configured as a separate body from the
upper elastic body connected to a second segment of the
inside attachment member.

[0040] Due to thus dividing the inside attachment member,
and also configuring the upper elastic body and lower elastic
body as separate bodies respectively connected to the divided
inside attachment member, the partitioning wall may also be
configured as a separate body to either the upper elastic body
or the lower elastic body, or as a separate body to both the
upper elastic body and the lower elastic body. This enables
distortion during vibration input to be effectively suppressed.
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[0041] In a vibration damping device according to a fif-
teenth aspect of the present invention, the partitioning wall is
configured with a slit from the radial direction outside
towards the radial direction inside.

[0042] By forming the slit in the partitioning wall, the par-
titioning wall is accordingly divided into an upper elastic
body side and a lower elastic body side on either side of the
slit. The divided upper and lower portions are capable of
vibrating separately during vibration input, thereby enabling
distortion to be suppressed during vibration input, and
enabling the durability of the partitioning wall to be
enhanced.

Advantageous Effects of Invention

[0043] Configuring the present invention as described
above enables the durability of a partitioning wall to be
enhanced in a vibration damping device that attenuates vibra-
tion in an axis orthogonal direction that is orthogonal to an
axial direction, as well as in the axial direction.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG.1is across-section taken along the axial direc-
tion illustrating a configuration of a vibration damping device
according to a first exemplary embodiment of the present
invention.

[0045] FIG. 2 is a cross-section taken along the axial direc-
tion at a different position to FIG. 1 and illustrating a vibration
damping device according to the first exemplary embodiment
of the present invention.

[0046] FIG. 3 is across-section taken along the axial direc-
tion illustrating a configuration of a main body portion of a
vibration damping device according to the first exemplary
embodiment of the present invention.

[0047] FIG. 4is a cross-section taken along the axial direc-
tion at a different position to FIG. 3 and illustrating a main
body portion of a vibration damping device according to the
first exemplary embodiment of the present invention.

[0048] FIG. 5 is a cross-section taken along an axis
orthogonal direction and illustrating a vibration damping
device of a second exemplary embodiment of the present
invention.

[0049] FIG. 6 is a cross-section taken along the axial direc-
tion illustrating a configuration of a vibration damping device
according to a second exemplary embodiment of the present
invention.

[0050] FIG.7 is across-section taken along the axial direc-
tion at a different position to FIG. 1 and illustrating a vibration
damping device according to the second exemplary embodi-
ment of the present invention.

[0051] FIG. 8is a cross-section taken along the axial direc-
tion illustrating a configuration of a main body portion of a
vibration damping device according to the second exemplary
embodiment of the present invention.

[0052] FIG.9is across-section taken along the axial direc-
tion at a different position to FIG. 3 and illustrating a main
body portion of a vibration damping device according to the
second exemplary embodiment of the present invention.
[0053] FIG. 10 is a cross-section taken along an axis
orthogonal direction illustrating a vibration damping device
according to the second exemplary embodiment of the
present invention.
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[0054] FIG. 11 is a cross-section taken along the axial
direction illustrating a configuration of a vibration damping
device according to a third exemplary embodiment of the
present invention.

[0055] FIG. 12 is a cross-section taken along the axial
direction at a different position to FIG. 11 and illustrating a
vibration damping device according to the third exemplary
embodiment of the present invention.

[0056] FIG. 13 is a perspective view illustrating a configu-
ration of a vibration damping device according to the third
exemplary embodiment of the present invention, partially
cut-away along the axial direction.

[0057] FIG. 14 is a cross-section taken along the axial
direction, illustrating a configuration prior to performing
axial direction positioning of a main body portion of a vibra-
tion damping device according to the third exemplary
embodiment of the present invention.

[0058] FIG. 15 is a cross-section taken along the axis
orthogonal direction of a vibration damping device according
to the third exemplary embodiment of the present invention.
[0059] FIG. 16 is a cross-section taken along the axial
direction of a vibration damping device according to a modi-
fied example of the third exemplary embodiment of the
present invention.

[0060] FIG. 17 is a perspective view illustrating a configu-
ration of the vibration damping device shown in FIG. 16,
partially cut-away along the axial direction.

[0061] FIG. 18 is a cross-section taken along the axial
direction illustrating a configuration of a vibration damping
device according to a fourth exemplary embodiment of the
present invention.

[0062] FIG. 19 is a cross-section taken along the axial
direction at a different position to FIG. 18 and illustrating a
vibration damping device according to the fourth exemplary
embodiment of the present invention.

[0063] FIG. 20 is a cross-section taken along the axial
direction illustrating a configuration of a main body portion
of a vibration damping device according to the fourth exem-
plary embodiment of the present invention.

[0064] FIG. 21 is a cross-section taken along the axial
direction at a different position to FIG. 20 and illustrating a
main body portion of a vibration damping device according to
the fourth exemplary embodiment of the present invention.
[0065] FIG. 22 is a cross-section taken along line 1-1 in
FIG. 20, illustrating an upper connector, an upper elastic body
and an upper fixing of a vibration damping device according
to the fourth exemplary embodiment of the present invention.
[0066] FIG. 23 is a cross-section taken along line 2-2 in
FIG. 20, illustrating an upper connector, an upper elastic
body, an upper fixing and a partitioning wall of a vibration
damping device according to the fourth exemplary embodi-
ment of the present invention.

[0067] FIG. 24 is a cross-section illustrating a lower con-
nector, an elastic body main portion and a lower fixing of a
vibration damping device according to the fourth exemplary
embodiment of the present invention.

[0068] FIG. 25A illustrates a state prior to coupling of a
partitioning wall and an elastic body main portion in a vibra-
tion damping device according to the fourth exemplary
embodiment of the present invention.

[0069] FIG. 25B illustrates a coupled state of a partitioning
wall and an elastic body main portion in a vibration damping
device according to the fourth exemplary embodiment of the
present invention.
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[0070] FIG. 26A illustrates a state prior to coupling of a
partitioning wall and an elastic body main portion in a modi-
fied example of a vibration damping device according to the
fourth exemplary embodiment of the present invention.
[0071] FIG. 26B illustrates a coupled state of a partitioning
wall and an elastic body main portion in a modified example
of a vibration damping device according to the fourth exem-
plary embodiment of the present invention.

[0072] FIG.27isacross-section of a component of a vibra-
tion damping device according to a modified example of the
fourth exemplary embodiment of the present invention.
[0073] FIG.28isadifferent cross-section to that of FIG. 27
of'a component of a vibration damping device according to a
modified example of the fourth exemplary embodiment of the
present invention.

[0074] FIG.29isacross-section of a component of a vibra-
tion damping device according to a modified example of the
fourth exemplary embodiment of the present invention.
[0075] FIG. 30A is a cross-section of a component of a
vibration damping device according to a modified example of
the fourth exemplary embodiment of the present invention.
[0076] FIG. 30B is a plan view of a component of a vibra-
tion damping device according to a modified example of the
fourth exemplary embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Exemplary Embodiment

[0077] FIG. 1 to FIG. 5 illustrate a vibration damping
device 12 of a first exemplary embodiment of the present
invention. The vibration damping device 12 is for example
employed as an engine mount in a vehicle, supporting an
engine that acts as a vibration generation section on a vehicle
body that acts as a vibration receiving section. Note that in the
drawings, the letter S indicates the center axis of the vibration
damping device 12. The direction of the axis S corresponds to
the axial direction of the vibration damping device 12, and a
direction orthogonal to the axis S (the axis orthogonal direc-
tion) corresponds to the radial direction of the vibration
damping device 12. The vibration damping device 12 is dis-
posed such that the direction of the axis S is in the main
vibration input direction.

[0078] Asshownin FIG. 2 to FIG. 5, the vibration damping
device 12 includes a retaining member 14, an inside attach-
ment member 22, an outer peripheral member 24, and a
rubber elastic body 30.

[0079] The retaining member 14 is formed in a substan-
tially circular cylinder shape. A small diameter portion 14S
with the diameter reduced over a step portion 14D is formed
to the retaining member 14 at a position below the cylinder
axial direction center. The retaining member 14 is disposed
such that the cylinder axial direction corresponds to the axis
S. A substantially circular cylinder shaped rubber covering 16
is covered over substantially the entire inner peripheral face
of the retaining member 14 by vulcanization bonding. A
diaphragm 18 extends integrally towards the radial direction
inside from the vicinity of a lower edge of the rubber covering
16.

[0080] The diaphragm 18 is a membranous member that
curves such that the center thereof protrudes upwards, con-
figuring an auxiliary liquid chamber 46 between the dia-
phragm 18 and a partitioning member 50, described later. The
auxiliary liquid chamber 46 expands and contracts with
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deformation of the diaphragm 18, such that the volume of the
auxiliary liquid chamber 46 changes.

[0081] The retaining member 14 is attached to the vehicle
body through a bracket member, not shown in the drawings.
As an example of the bracket member, the vibration damping
device 12 may be attached to the vehicle body by inserting
bolts through bolt insertion holes at the leading ends of plural
leg portions that extend towards the radial direction outside of
the cylinder shaped body.

[0082] The inside attachment member 22 is configured in a
substantially circular columnar shape, and is disposed such
that the circular columnar axial direction corresponds to the
axis S. The inside attachment member 22 is formed with a
female thread portion 22M that is aligned with the axis S and
has an opening at an end face on a side projecting out from the
retaining member 14. A bolt, for example, of a member
coupled for example to an engine is screwed into the female
thread portion 22M, supporting the engine on the vibration
damping device 12. Note that although the vibration damping
device 12 of the present exemplary embodiment exhibits the
advantageous effect of attenuating axis orthogonal direction
vibration, in a state in which vibration is not being input, the
center axis of the inside attachment member 22 corresponds
to the cylinder axis of the retaining member 14.

[0083] The outer peripheral member 24 is configured in a
ring shape, and is divided along the axial direction into an
upper outer peripheral member 26 and a lower outer periph-
eral member 28. The upper outer peripheral member 26 and
the lower outer peripheral member 28 are configured with
L-shaped cross-sections, disposed such that the open sides of
the L-shape face downwards and towards the radial direction
outside. The outer peripheral member 24 is disposed so as to
enclose the outer periphery of the inside attachment member
22 as viewed along the axis S direction. The upper outer
peripheral member 26 and the lower outer peripheral member
28 are disposed at a separation from each other in the axis S
direction. The upper outer peripheral member 26 is disposed
at an intermediate portion of the inside attachment member
22 inthe axis S direction. The lower outer peripheral member
28 is disposed further to the outside than an end portion of the
inside attachment member 22.

[0084] The rubber elastic body 30 is disposed between the
inside attachment member 22 and the outer peripheral mem-
ber 24, with the rubber elastic body 30 connecting together
the inside attachment member 22 and the outer peripheral
member 24. The rubber elastic body 30 includes a substan-
tially circular conical shaped rubber main body portion 32
that increases in diameter as it extends from a lower side
portion of the inside attachment member 22 (a portion at the
side at which the opening of the female thread portion 22M is
not formed) towards the lower outer peripheral member 28.
Configuring in such a shape enables the volume of the rubber
main body portion 32 to be increased, thereby causing a high
vibration damping effect to be exhibited during elastic defor-
mation, and enhancing durability.

[0085] The rubber elastic body 30 also includes a lid por-
tion 34 that increases in diameter as it extends above the
rubber main body portion 32 ofthe inside attachment member
22 towards the upper outer peripheral member 26. A recess
portion 30A that is open towards the radial direction outside
is configured between the rubber main body portion 32 and
the lid portion 34. The recess portion 30A configures a liquid
chamber 42 that is closed off by a positioning member 40,
described later.
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[0086] As shown in FIG. 2 and FIG. 5, two partitioning
walls 36 that cut across the recess portion 30A in the axis
orthogonal direction, from the inside attachment member 22
towards the radial direction outside, are formed between the
rubber main body portion 32 and the lid portion 34. The
partitioning walls 36 are formed with shapes symmetrical
about the axis S, and continue integrally from the lid portion
34 as far as the rubber main body portion 32. The partitioning
walls 36, the rubber main body portion 32 and the lid portion
34 are integrally vulcanization molded.

[0087] The partitioning walls 36 are formed with slits 38.
As shown in FIG. 2, the slits 38 are formed between the upper
outer peripheral member 26 and the lower outer peripheral
member 28, along from outer peripheral faces towards the
inside attachment member 22. The slits 38 extend along the
circumferential direction so as to divide the partitioning walls
36 into upper outer peripheral member 26 sides and lower
outer peripheral member 28 sides, and cut into the partition-
ing walls 36 from outer peripheral faces towards the radial
direction inside. The slits 38 are preferably formed with a
length that is 1/3 of the radial direction length of the parti-
tioning walls 36 or greater.

[0088] The inside attachment member 22, the outer periph-
eral member 24, the rubber elastic body 30 and the partition-
ing walls 36 are assembled inside the cylinder of the retaining
member 14.

[0089] The outer peripheral member 24 is disposed with the
lower outer peripheral member 28 on the side nearest the
small diameter portion 14S, and with both the upper outer
peripheral member 26 and the lower outer peripheral member
28 disposed along the inner periphery of the retaining mem-
ber 14. The side of the inside attachment member 22 formed
with the opening of the female thread portion 22M projects
out from the retaining member 14 in the axis S direction.
[0090] The positioning member 40 is disposed between the
upper outer peripheral member 26 and the lower outer periph-
eral member 28 of the outer peripheral member 24. The
positioning member 40 has a circular cylindrical shape and is
divided into two around the circumferential direction. The
external diameter of the positioning member 40 is set so as to
be capable of making tight contact with the rubber covering
16 inside the retaining member 14. The positioning member
40 is disposed along the internal wall of the retaining member
14, and abuts outer peripheral portions of the partitioning
walls 36.

[0091] Both axis S direction end faces 40A of the position-
ing member 40 respectively contact the upper outer periph-
eral member 26 and the lower outer peripheral member 28.
The axis S direction length of the positioning member 40 is
set such that when the positioning member 40 is in contact
with the upper outer peripheral member 26 and the lower
outer peripheral member 28, the partitioning walls 36 are
compressed in the axis S direction and the upper and lower
interfaces 38P of the slits 38 make tight contact with each
other. Axis S direction positioning of the upper outer periph-
eral member 26 and the lower outer peripheral member 28 is
performed by the positioning member 40.

[0092] One side of the L-shape of the upper outer periph-
eral member 26 projects towards the radial direction outside,
and is fixed by swaging between the upper edge of the retain-
ing member 14, configuring a swaged portion 14A. A leading
end face of one side of the L-shape of the lower outer periph-
eral member 28 is abutted with the rubber covering 16, and
the other side of the L-shape is disposed substantially parallel
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with, and at a separation to, the rubber covering 16. This
separation portion configures a second restriction path 62,
described later.

[0093] Due to the above assembly, the partitioning walls 36
transition from an open state of the slits 38, such as that shown
in FIG. 4, to achieve a tightly contacting state of the interfaces
38P of the slits 38, compressed in the axis S direction, such as
shown in FIG. 2. The outer peripheral faces of the partitioning
walls 36 are placed in tight contact with the inner peripheral
face of the positioning member 40, thereby partitioning the
liquid chamber 42 into two second main liquid chambers
42A, 42B with the partitioning walls 36, as shown in FIG. 1
and FIG. 5.

[0094] The partitioning member 50 is disposed inside the
cylinder of the retaining member 14 between the lower outer
peripheral member 28 and the small diameter portion 14S.
The partitioning member 50 partitions the space between the
diaphragm 18 and the rubber main body portion 32 into two.
A first main liquid chamber 44 is configured between the
partitioning member 50 and the rubber main body portion 32.
The first main liquid chamber 44 is filled with a liquid such as
ethylene glycol or a silicone oil. An auxiliary liquid chamber
46 is configured between the partitioning member 50 and the
diaphragm 18. Similarly to the first main liquid chamber 44,
the auxiliary liquid chamber 46 is filled with a liquid such as
ethylene glycol or a silicone oil. Configuring a portion of the
auxiliary liquid chamber 46 by the diaphragm 18 enables the
auxiliary liquid chamber 46 to achieve an internal pressure
state close to atmospheric pressure (by causing liquid to flow
in or flow out) by deformation of the diaphragm 18.

[0095] The partitioning member 50 is configured in a sub-
stantially circular plate shape of thick thickness, and is con-
figured by joining together two axial direction divided upper
and lower pieces. A central path 51 is configured at a central
portion of the partitioning member 50. The central path 51 is
configured with a circular plate shaped movable plate 56
disposed in an opening hole 52 penetrating through in the
thickness direction, and a pair of lid plate portions 54 cover-
ing both ends of the opening hole 52. The lid plate portions 54
are configured with plural communication holes 54A and the
movable plate 56 is configured so as to be capable of vibrating
between the pair of lid plate portions 54. The diameter of the
central path 51 and positions of the communication holes 54 A
are, for example, set to correspond to vibrations of a specific
frequency range (for example idling vibration).

[0096] A first restriction path 60 extending in the circum-
ferential direction is configured at the radial direction outside
of'the opening hole 52. One end of the first restriction path 60
is in communication with the first main liquid chamber 44,
and the other end is in communication with the auxiliary
liquid chamber 46, thereby configuring a flow path that per-
mits movement of liquid between the first main liquid cham-
ber 44 and the auxiliary liquid chamber 46. The path length
and cross-sectional area of the first restriction path 60 are set
to correspond to vibrations of a specific frequency range (for
example a shake vibration). Namely, regulation is made such
that a vibration damping effect can be exhibited by liquid
column resonance inside the first restriction path 60 induced
by the movement of liquid between the first main liquid
chamber 44 and the auxiliary liquid chamber 46 when vibra-
tion at a specific frequency range occurs.

[0097] Second restriction paths 62A, 62B that extend in the
circumferential direction are configured to the radial direc-
tion outside of the first restriction path 60. A first end of the
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second restriction path 62A is in communication with the
auxiliary liquid chamber 46, the second restriction path 62A
passes between the lower outer peripheral member 28 and the
rubber covering 16, and the other end of the second restriction
path 62A is in communication with the second main liquid
chamber 42A. A flow path permitting the movement of liquid
between the second main liquid chamber 42A and the auxil-
iary liquid chamber 46 is thereby achieved. A first end of the
second restriction path 62B is in communication with the
auxiliary liquid chamber 46, the second restriction path 62B
passes between the lower outer peripheral member 28 and the
rubber covering 16, and the other end of the second restriction
path 62A is in communication with the second main liquid
chamber 42B. A flow path permitting the movement of liquid
between the second main liquid chamber 42B and the auxil-
iary liquid chamber 46 is thereby achieved. The path length
and cross-sectional area of the second restriction paths 62A,
62B are set to correspond to vibrations of a specific frequency
range (for example, a frequency slightly lower than a shake
vibration). Namely, regulation is made such that a vibration
damping effect can be exhibited due to liquid column reso-
nance in the second restriction path 62 induced by movement
of liquid between the second main liquid chamber 42A and
the auxiliary liquid chamber 46 and between the second main
liquid chamber 42B and the auxiliary liquid chamber 46 when
vibration at a specific frequency range occurs.

[0098] Explanation follows regarding a manufacturing pro-
cess of the vibration damping device 12.

[0099] Firstly, the inside attachment member 22 and the
outer peripheral member 24 (upper outer peripheral member
26, lower outer peripheral member 28) are placed in a mold,
and green rubber is poured into the mold and vulcanization
treatment performed so as to integrally forming the rubber
main body portion 32, the lid portion 34 and the partitioning
walls 36. The thus formed members configure a main body
portion 11 (see FIG. 3 and FIG. 4). The retaining member 14
is then placed in a mold, green rubber is poured into the mold
and vulcanization treatment performed, integrally forming
the rubber covering 16 and the diaphragm 18. The movable
plate 56 is placed in the partitioning member 50, and the
divided top and bottom pieces are joined.

[0100] Then the partitioning member 50 incorporating the
movable plate 56 is inserted into the retaining member 14.
The partitioning member 50 is positioned by an outer periph-
eral portion of the partitioning member 50 being placed in
contact with the step portion 14D.

[0101] Next, the positioning member 40 is assembled
between the upper outer peripheral member 26 and the lower
outer peripheral member 28 of the main body portion 11, and
the main body portion 11 is push-fitted into the retaining
member 14 from the lower outer peripheral member 28 side,
and the lower outer peripheral member 28 placed in contact
with the partitioning member 50. A lower end face of the
upper outer peripheral member 26 is placed in contact with
the end face 40 A of the positioning member 40, and the lower
face of the portion of the upper outer peripheral member 26
that projects out towards the radial direction outside is placed
in contact with a flange 14F of the retaining member 14. A
leading end of the flange 14F is bent towards the radial direc-
tion inside so as to cover the leading end of the upper outer
peripheral member 26, and is fixed by swaging. During swag-
ing, the partitioning walls 36 are compressed in the axis S
direction, applying overall precompression. The interfaces
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38P of the slits 38 are brought into tight contact with each
other such the gap between them disappears completely.
[0102] Note that theliquidto be filled inside is prepared and
this assembly operation is performed submerged in the liquid.
The liquid can accordingly be filled into the first main liquid
chamber 44, the second main liquid chamber 42, the auxiliary
liquid chamber 46, the first restriction path 60 and the second
restriction path 62.

The vibration damping device 12 can be manufactured as
described above.

[0103] Explanation follows regarding operation of the
vibration damping device 12 according to the present exem-
plary embodiment configured as described above. In the
vibration damping device 12, when the engine coupled to the
inside attachment member 22 is actuated, vibration from the
engine is transmitted through the inside attachment member
22 to the rubber main body portion 32. When this occurs, the
rubber main body portion 32 acts as a vibration absorption
main body, and the input vibration is absorbed by vibration
absorption action due to for example internal friction accom-
panying deformation of the rubber main body portion 32.
[0104] Note that the main vibrations input from the engine
include for example vibration (main vibration) generated by
the back and forth movement of the pistons inside their cyl-
inders in the engine, and vibration (secondary vibration) gen-
erated by changes to the rotation speed of the crankshaft in the
engine. With a straight engine, the amplitude direction of the
main vibration (main amplitude direction) is substantially the
same direction as the vehicle top-bottom direction, and the
amplitude direction of the secondary vibration (secondary
amplitude direction) is substantially the same direction as the
vehicle front-rear direction (for a transverse mounted
engine), or the vehicle left-right direction orthogonal to the
amplitude direction of the main vibration (for a longitudinal
mounted engine). A portion of the vibration can be absorbed
by the vibration absorption action of the rubber main body
portion 32 regardless of whether the input vibration is a main
vibration along the main amplitude direction, or a secondary
vibration along the secondary amplitude direction.

[0105] In the vibration damping device 12, the first main
liquid chamber 44 and the auxiliary liquid chamber 46 are in
communication with each other through the first restriction
path 60. Accordingly, when main vibration along the main
amplitude direction is input to the vibration damping device
12, the rubber main body portion 32 elastically deforms along
the axis S direction. This causes the internal volume of the
first main liquid chamber 44 to expand and contract, and
liquid to flow between the first main liquid chamber 44 and
the auxiliary liquid chamber 46 through the first restriction
path 60.

[0106] When this occurs, the path length and the cross-
sectional area of the first restriction path 60, that is to say the
resistance to flow of the liquid, is set (tuned) so as to be
adapted for a specific frequency range (such as the frequency
of'shake vibration). Therefore, when the input main vibration
falls within the specific frequency range, resonance (liquid
column resonance) occurs in the liquid that is flowing through
the first restriction path 60 between the first main liquid
chamber 44 and the auxiliary liquid chamber 46 in synchro-
nization with the shake vibration, enabling a vibration damp-
ing effect to be effectively exhibited.

[0107] Moreover, in the vibration damping device 12, the
second main liquid chambers 42A, 42B are respectively in
communication with the auxiliary liquid chamber 46 through



US 2013/0175745 Al

the second restriction paths 62A, 62B. Accordingly, when
vibration is input to the vibration damping device 12 along the
axis orthogonal direction, the partitioning walls 36 and the
rubber main body portion 32 elastically deform along the axis
orthogonal direction. This causes the internal volume of the
second main liquid chambers 42A, 42B to expand and con-
tract, and liquid to flow between the second main liquid
chambers 42A, 42B and the auxiliary liquid chamber 46
through the second restriction paths 62A, 62B.

[0108] Note that the path length and the cross-sectional
area of the second restriction paths 62A, 62B, thatis to say the
resistance to flow of the liquid, is set (tuned) so as to be
adapted for a specific frequency range (such as a slightly
lower frequency than shake vibration). Therefore, when the
input secondary vibration is vibration with a frequency falling
within this range, resonance (liquid column resonance)
occurs in the liquid that is flowing between the second main
liquid chambers 42A, 42B and the auxiliary liquid chamber
46 through the second restriction paths 62A, 62B in synchro-
nization with the input secondary vibration, enabling a vibra-
tion damping effect to be effectively exhibited.

[0109] In the vibration damping device 12 of the present
exemplary embodiment, the slits 38 are formed in the parti-
tioning walls 36. Therefore, when vibration is input to the
vibration damping device 12, the portions of the partitioning
walls 36 to the upper side and the lower side of the slits 38 do
not pull each other, therefore one portion does not readily
negatively impact the other. The partitioning walls 36 accord-
ingly deform relatively freely, alleviating concentration of
stress, and enabling an increase in the durability of the parti-
tioning walls 36 to be achieved. The partitioning walls 36 are
moreover integrally formed to the rubber main body portion
32, enabling a simpler configuration and enabling manufac-
turing costs to be kept down in comparison to cases in which
partitioning walls are configured as separate components to a
rubber main body portion.

Second Exemplary Embodiment

[0110] Explanation follows regarding a second exemplary
embodiment of the present invention. In the present exem-
plary embodiment, elements similar to those of the first exem-
plary embodiment are illustrated using the same reference
numerals (FIG. 6 to FIG. 10) and detailed explanation thereof
is omitted.

[0111] As shown in FIG. 6 to FIG. 9, a vibration damping
device 70 of the present exemplary embodiment is configured
without the cross-sectional .-shaped outer peripheral mem-
ber 24 of the lower outer peripheral member 28 of the first
exemplary embodiment, but is instead configured with an
I-shaped cross-section, that is to say, as a straight line-shaped
ring (lower outer peripheral member 29). Moreover, a posi-
tioning flow path member 41 is employed in place of the
positioning member 40 of the first exemplary embodiment.
Partitioning walls 36 are configured with a groove 36M cor-
responding to a recessed groove 41M, described later.
[0112] The positioning flow path member 41 is configured
in a substantially circular cylinder shape, divided into two in
the circumferential direction. The outer diameter of the posi-
tioning flow path member 41 is set so as to be capable of
tightly contacting a rubber covering 16 on the inside of a
retaining member 14. The positioning flow path member 41 is
disposed along the internal wall of the retaining member 14,
and is abutted by outer peripheral portions of the partitioning
walls 36, with the recessed groove 41M fitting into the groove
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36M. The outer periphery of the positioning flow path mem-
ber 41 configures the recessed groove 41M along the circum-
ferential direction. A step portion 41D is formed at a lower
side of a portion that protrudes inwards in the radial direction
due to the recessed groove 41M. A lower outer peripheral
member 29 is disposed to the inner periphery of the position-
ing flow path member 41 below the recessed groove 41M. An
upper end face of the lower outer peripheral member 29 is in
contact with the step portion 41D. A lower end face of an
upper outer peripheral member 26 is in contact with a top end
face 41A of the positioning flow path member 41. The axis S
direction length of the positioning flow path member 41 is set
such that when the upper outer peripheral member 26 and the
lower outer peripheral member 29 are assembled as described
above, the partitioning walls 36 are compressed along the axis
S direction, bringing upper and lower interfaces 38P of slits
38 into tight contact. Axis S direction positioning of the upper
outer peripheral member 26 and the lower outer peripheral
member 29 is performed by the positioning flow path member
41.

[0113] As shown in FIG. 10, in the present exemplary
embodiment a second restriction path 64 is formed in place of
the second restriction paths 62A, 62B of the first exemplary
embodiment. The second restriction path 64 is configured
between the recessed groove 41M and the rubber covering 16,
and has a first end that is in communication with a second
main liquid chamber 42A at a communication opening 41 A
and the other end in communication with a second main liquid
chamber 42B at a communication opening 41B. A flow path
that permits the movement of liquid between the second main
liquid chamber 42 A and the second main liquid chamber 42B
is configured thereby. The path length and cross-sectional
area of the second restriction path 64 are set to correspond to
vibrations of a specific frequency range (for example a fre-
quency slightly lower than that of a shake vibration). Namely,
regulation is made such that vibration damping effects can be
exhibited due to liquid column resonance inside the second
restriction path 64 induced by the movement of liquid
between the second main liquid chambers 42A, 42B when
vibration of a specific frequency range occurs.

[0114] In the vibration damping device 70 of the present
exemplary embodiment, the partitioning walls 36 are formed
with the slits 38. Therefore, when vibration is input to the
vibration damping device 70, portions of the partitioning
walls 36 to the upper side and the lower side of the slits 38 do
not pull each other, and one does not readily negatively
impact the other. The partitioning walls 36 accordingly
deform relatively freely, alleviating concentration of stress,
and enabling an increase in the durability of the partitioning
walls 36 to be achieved.

[0115] In the vibration damping device 70 of the present
exemplary embodiment, since the second main liquid cham-
ber 42A and the second main liquid chamber 42B are in
communication with each other by the second restriction path
64, a vibration damping effect can be obtained due to the flow
of liquid mainly between the second main liquid chambers
42A, 42B when secondary vibration is input.

[0116] Moreover, the vibration damping device 12 of the
first exemplary embodiment is configured with the second
main liquid chambers 42A, 42B in communication with the
auxiliary liquid chamber 46. However configuration may be
made with the second main liquid chambers 42A, 42B in
communication with each other, or with the second main
liquid chambers 42 A, 42B in communication with the auxil-
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iary liquid chamber 46 and the second main liquid chambers
42A, 42B also in communication with each other.

[0117] In the present exemplary embodiment, only the
lower outer peripheral member 29 is disposed at the inside of
the positioning flow path member 41, however the upper
outer peripheral member 26 may also be disposed to the
inside of the positioning flow path member 41.

Third Exemplary Embodiment

[0118] Explanation follows regarding a third exemplary
embodiment of the present invention. In the present exem-
plary embodiment, elements similar to those of the first and
second exemplary embodiments are illustrated using the
same reference numerals (FIG. 11 to FIG. 15) and detailed
explanation thereof is omitted.

[0119] AsshowninFIG. 11 and FIG. 12, a vibration damp-
ing device 72 of the present exemplary embodiment is pro-
vided with a lower outer peripheral member 27 of which an
L-shaped bent portion is beveled into a taper shape in place of
the lower outer peripheral member 28 of the outer peripheral
member 24 of the first exemplary embodiment. A groove
portion 33M configured by a rubber material 33 is configured
at the outside of the lower outer peripheral member 27, and
second restriction paths 62A, 62B are formed between the
lower outer peripheral member 27 and a rubber covering 16.
The rubber material 33 is integrally formed to a rubber main
body portion 32.

[0120] The vibration damping device 72 is not provided
with the positioning member 40 of the first exemplary
embodiment, however extension portions 74 are formed to an
upper outer peripheral member 26, and the extension portion
74 functions as a positioning member. The extension portion
74 extends along the axis S towards the lower outer peripheral
member 27 from intermediate portions of the upper outer
peripheral member 26 corresponding to second main liquid
chambers 42 A, 42B as viewed along the axis S direction. The
extension portions 74 are integrally formed to the upper outer
peripheral member 26, and are covered over their entire sur-
face with rubber membranes 74A. In anon-assembled state of
the outer peripheral member 24 to a retaining member 14, a
leading end portion 74A of each of the extension portions 74
is separated by a separation distance S from the lower outer
peripheral member 27. In an assembled state of the outer
peripheral member 24 to the retaining member 14, the leading
end portions 74A contact the lower outer peripheral member
27. The separation distance S is set such that upper and lower
interfaces 38P of slits 38 make tight contact with each other
when partitioning walls 36 are compressed in the axis S
direction. The extension portion 74 performs axis S direction
positioning of the upper outer peripheral member 26 and the
lower outer peripheral member 27. The leading end portion
74S of the extension portion 74 contacts the lower outer
peripheral member 27, thereby compressing the partitioning
walls 36 by the separation distance S and placing the upper
and lower interfaces 38P of the slits 38 in tight contact with
each other, and partitioning the second main liquid chambers
42A, 42B.

[0121] Moreover, in the present exemplary embodiment, as
shown in FIG. 14, a lid portion 34 is configured with a shape
with an outer face extending in the axis orthogonal direction
prior to assembly to the retaining member 14. As shown in
FIG. 11, when the lid portion 34 is assembled to the retaining
member 14, the outer face of the lid portion 34 takes on a
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shape sloping downwards towards the radial direction outside
(the upper outer peripheral member 26 side).

[0122] A first end of the second restriction path 62A is in
communication with an auxiliary liquid chamber 46 through
a communication hole 62C (see FIG. 13), with the second
main liquid chamber 42A in communication with the auxil-
iary liquid chamber 46 through the second restriction path
62A. A first end of the second restriction path 62B is in
communication with the auxiliary liquid chamber 46 through
a communication hole 62D (see FIG. 13), with the second
main liquid chamber 42B in communication with the auxil-
iary liquid chamber 46 through the second restriction path
62B. A first restriction path 60 is in communication with a
first main liquid chamber 44 ata communication portion 60C,
with the first main liquid chamber 44 in communication with
the auxiliary liquid chamber 46 through the first restriction
path 60.

[0123] Explanation follows regarding a manufacturing pro-
cess of the vibration damping device 72.

[0124] Firstly, the inside attachment member 22 and the
outer peripheral member 24 (upper outer peripheral member
26, lower outer peripheral member 27) are placed inside a
mold, green rubber is poured into the mold, and vulcanization
processing is performed, thereby integrally forming the rub-
ber main body portion 32, the lid portion 34 and the partition-
ing walls 36. The thus formed members configure a main
body portion 10 (see FIG. 13). Then, similarly to in the first
exemplary embodiment, the retaining member 14 is inte-
grally vulcanize-formed with a rubber covering 16 and a
diaphragm 18, and a movable plate 56 is placed in a partition-
ing member 50, and top and bottom pieces are joined together.
[0125] Next, the partitioning member 50 incorporating the
movable plate 56 is inserted inside the retaining member 14,
and the outer peripheral portion of the partitioning member
50 is positioned by placing in contact with a step portion 14D.
[0126] Next, the main body portion 10 is push-fitted into
the retaining member 14 from the lower outer peripheral
member 27 side, and the lower outer peripheral member 27 is
placed in contact with the partitioning member 50 (see FIG.
14). The leading end portion 74S of the extension portion 74
extending from the upper outer peripheral member 26 are
placed in contact with the lower outer peripheral member 27.
The leading edge of the flange 14F of the retaining member 14
is bent towards the radial direction inside so as to cover the
leading edge of the upper outer peripheral member 26, and is
fixed by swaging. During swaging, the partitioning walls 36
are compressed in the axis S direction, applying overall pre-
compression. The interfaces 38P of the slits 38 are accord-
ingly placed in tight contact with each other such the gap
between them disappears completely. Similarly to in the first
exemplary embodiment, this assembly operation is per-
formed submerged in liquid. The vibration damping device
72 can be manufactured as described above.

[0127] In the present exemplary embodiment, the axis S
direction positioning of the upper outer peripheral member 26
and the lower outer peripheral member 27 is performed by the
extension portion 74. Simple manufacture can be performed
since the extension portions 74 are integrally formed to the
upper outer peripheral member 26, obviating the need to
assemble and position separate components.

[0128] Inthepresent exemplary embodiment, the extension
portions 74 are integrally formed to the upper outer peripheral
member 26, however the extension portion 74 may also be
integrally formed to the lower outer peripheral member 27, or
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the extension portion 74 may be formed to both the upper
outer peripheral member 26 and the lower outer peripheral
member 27.

[0129] Moreover, in the present exemplary embodiment,
the slits 38 are formed to the partitioning walls 36, however as
shown in FIG. 16 and FIG. 17, configuration may be made in
which the slits 38 are not formed. In such cases, the upper
outer peripheral member 26 and the lower outer peripheral
member 27 are positioned by the extension portion 74 such
that the upper outer peripheral member 26 and the lower outer
peripheral member 27 are retained inside the retaining mem-
ber 14 in a precompressed state with the partitioning walls 36
compressed in the axis S direction.

[0130] Note thata configuration in which the slits 38 are not
formed is also possible for the partitioning walls 36 of the first
and second exemplary embodiments.

Fourth Exemplary Embodiment

[0131] Explanation follows regarding a vibration damping
device according to a fourth exemplary embodiment of the
present invention with reference to the drawings.

[0132] FIG. 18 and FIG. 19 show a vibration damping
device according to the present exemplary embodiment. This
vibration damping device 110 is applied as an engine mount
in a vehicle, supporting an engine that acts as a vibration
generation section to a vehicle body serving as a vibration
receiving section. Note that in FIG. 18, the single-dot dashed
line marked with the letter S indicates the device center axis,
and the device axial direction is aligned along the axis S. The
vibration damping device of the present invention is installed
such that the axial direction S is the main vibration input
direction. Inthe following explanation, a direction orthogonal
to the axis S corresponds to the vibration damping device 110
radial direction.

[0133] As shown in FIG. 18 and FIG. 19, the vibration
damping device 110 is provided with a bracket 112 for cou-
pling and fixing the vibration damping device 110 to the
vehicle body side. The bracket 112 is provided with a circular
cylinder shaped holder portion 112A and a pair of leg portions
112B that extend in the radial direction from lower end por-
tions of the holder portion 112A. Leading end portions of the
pair of leg portions 112B are respectively provided with
attachment holes 114 for coupling to the vehicle body.
[0134] A substantially circular cylinder shaped outer cyl-
inder fixing 116 that serves as an outer peripheral member and
is open at both axial direction ends is disposed inside the
holder portion 112A of the bracket 112. The outer cylinder
fixing 116 fits together with an inner peripheral face of the
holder portion 112A. An upper side of the outer cylinder
fixing 116 configures an outer cylinder upper portion 116 A
with a slightly larger diameter than an outer cylinder inter-
mediate portion 116B, and a lower side of the outer cylinder
fixing 116 configures an outer cylinder lower portion 116C
having a smaller diameter than the outer cylinder intermedi-
ate portion 116B. A substantially circular column shaped
inside attachment fixing 118 is disposed coaxially to the outer
cylinder fixing 116 to the peripheral inside of the outer cyl-
inder fixing 116.

[0135] The inside attachment fixing 118 is divided into a
shaft shaped lower fixing 118A positioned at the lower side in
FIG. 18 and FIG. 19, and a shaft shaped upper fixing 118B
positioned to the upper side of the lower fixing 118A. A
projection portion 118C is formed at the upper side of the
lower fixing 118 A. A bolt shaft 118E projects upwards along
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the axis S at the upper side of the upper fixing 118B. A fitting
hole 118D is formed at the lower side of the upper fixing
118B. The projection portion 118C of the lower fixing 118A
is fitted into the fitting hole 118D of the upper fixing 118B,
thereby coupling the upper fixing 118B and the lower fixing
118A together. The upper fixing 118B and the lower fixing
118A have substantially the same outer diameter and are
coupled together to configure the shaft shaped inside attach-
ment fixing 118.

[0136] Note that in order to couple the vibration damping
device 110 to the vehicle body side, bolts (not shown in the
drawings) are inserted into the respective attachment holes
114 of the pair of leg portions 112B, and leading end portions
of the bolts are screwed into the vehicle body side, thereby
fastening and fixing the vibration damping device 110 to the
vehicle body side through the bracket 112. The inside attach-
ment fixing 118 is also fastened and fixed to the engine side of
the vehicle through the bolt shaft 118E.

[0137] An upper connector 120B and a lower connector
120A, each formed from metal in a ring shape, are disposed at
the inner peripheral face of the outer cylinder fixing 116. The
upper connector 120B, positioned on the upper side in FIG.
18 and FIG. 19, is configured with a larger diameter than the
lower connector 120A, positioned on the lower side in FIG.
18 and FIG. 19. The outer peripheral face of the upper con-
nector 120B fits together with an upper end portion of the
inner peripheral face of the outer cylinder fixing 116, and is
coupled to the outer cylinder fixing 116. The lower connector
120A fits together with the inside of the outer cylinder fixing
116 through a partitioning member 126, described later, and
is coupled to the outer cylinder fixing 116.

[0138] An elastic body main portion 122A formed from
rubber with an overall thickened circular plate shape is dis-
posed between the lower connector 120 A and the lower fixing
118A of the inside attachment fixing 118. The elastic body
main portion 122A is respectively connected to the outer
peripheral face of the lower fixing 118 A and the inner periph-
eral face of the lower connector 120 A by vulcanization bond-
ing. The lower face of the elastic body main portion 122A is
configured in a recessed shape.

[0139] An upper elastic body 122B formed from rubber
with an overall thickened circular plate shape is disposed
between the upper connector 120B and the upper fixing 118B
of the inside attachment fixing 118. The upper elastic body
122B is respectively connected to the outer peripheral face of
the upper fixing 118B and the inner peripheral face of the
lower connector 120 A by vulcanization bonding. The inside
attachment fixing 118 and the outer cylinder fixing 116 are
thereby elastically connected to each other by a rubber elastic
body 122 configured by the elastic body main portion 122A
and the upper elastic body 122B through the upper connector
120B and the lower connector 120A.

[0140] As shown in FIG. 18, the elastic body main portion
122A and the upper elastic body 122B are separated from
each other along the axial direction S, so as to configure a
liquid chamber 132 between the elastic body main portion
122 A and the upper elastic body 122B. As shown in FIG. 20,
the liquid chamber 132 is partitioned in the circumferential
direction into a second main liquid chamber 132A and a
second main liquid chamber 132B by partitioning walls 123.
The second main liquid chamber 132 A and the second main
liquid chamber 132B are filled with a liquid such as ethylene
glycol or a silicone oil.
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[0141] The partitioning walls 123 are formed from rubber
and are configured integrally to the upper elastic body 122B.
As shown in FIG. 19, the partitioning walls 123 are disposed
at the lower face of the upper elastic body 122B as a protru-
sion shape along the radial direction so as to partition the
space between the upper elastic body 122B and the elastic
body main portion 122A. Elastic body main portion 122A
side leading end portions of the partitioning walls 123 are in
tight contact with the elastic body main portion 122A, as
shown in FIG. 25B, and radial direction outside end portions
of the partitioning walls 123 are in press-contact with the
inner wall of the outer cylinder fixing 116.

[0142] Both width direction outside faces of the partition-
ing walls 123 are clamped by retaining portions 124. The
retaining portions 124 are integrally formed to the elastic
body main portion 122A at the upper face of the elastic body
main portion 122 A. The retaining portions 124 are configured
by a pair of two protrusion shapes so as to clamp the parti-
tioning walls 123 at both width direction sides of the parti-
tioning walls 123. Lower sides of the partitioning walls 123
are clamped by the retaining portions 124.

[0143] The partitioning walls 123 are in a compressed state
in the axial direction S in a retained state of the upper con-
nector 120B and the lower connector 120A in the outer cyl-
inder fixing 116 and the partitioning member 126, respec-
tively. The compression ratio at the radial direction outside is
preferably greater than the compression ratio at the radial
direction inside.

[0144] As shown in FIG. 18 and FIG. 19, the substantially
circular plate shaped partitioning member 126 is disposed to
the lower side of the elastic body main portion 122A (the
opposite side to the upper elastic body 122B). The partition-
ing member 126 is fitted into the outer cylinder fixing 116
such that an outer peripheral portion of the partitioning mem-
ber 126 contacts a step portion between the outside interme-
diate portion 116B and the outside lower portion 116C of the
outer cylinder fixing 116. A lower face peripheral edge por-
tion of the elastic body main portion 122A makes press-
contact with an outer peripheral portion of the partitioning
member 126.

[0145] The partitioning member 126 accordingly config-
ures a space partitioned off from the outside between the
partitioning member 126 and the elastic body main portion
122A. This space configures a first main liquid chamber 130
filled with a liquid such as ethylene glycol or a silicone oil.
[0146] A thin membranous rubber-formed diaphragm 148
is vulcanize-bonded to an inner peripheral face of the outer
cylinder lower portion 116C of the outer cylinder fixing 116
s0 as to close off a lower end portion of the outer cylinder
fixing 116. A space partitioned off from the outside by the
diaphragm 148 and the partitioning member 126 is accord-
ingly formed at a lower portion inside the outer cylinder
fixing 116. This space is filled with a liquid such as ethylene
glycol or silicone oil so as to configure an auxiliary liquid
chamber 136. The diaphragm 148 that configures part of the
walls of the auxiliary liquid chamber 136 is capable of elastic
deformation such that the internal volume of the auxiliary
liquid chamber 136 expands and contracts in response to
pressure changes in the liquid with which the auxiliary liquid
chamber 136 is filled.

[0147] A groove portion 154 that has a circumferential
direction ring shape centered on the axis S is formed to an
upper face portion of the partitioning member 126 around
nearly the entire periphery. A first end portion of the groove
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portion 154 is formed with a communication hole 156 that
penetrates to the lower face of the partitioning member 126.
As shown in FIG. 18, a circular shaped recessed portion 158
is formed to the partitioning member 126 at a peripheral
inside portion of the groove portion 154. Plural opening por-
tions 160 are formed to a bottom plate portion of the recessed
portion 158, the opening portions 160 penetrating to the lower
face of the partitioning member 126.

[0148] A circular plate shaped closing plate 162 with a
shape that blocks off an upper face portion of the recessed
portion 158 is fixed to the partitioning member 126. A loca-
tion on the closing plate 162 that corresponds to a second end
portion of the groove portion 154 is formed with a commu-
nication hole 164. A location on the closing plate 162 facing
the recessed portion 158 is formed with plural opening por-
tions 165.

[0149] The communication hole 156 and the groove por-
tion 154 of the partitioning member 126 and the communi-
cation hole 164 of the closing plate 162 configure a first
orifice 138 serving as a restriction path that places the first
main liquid chamber 130 and the auxiliary liquid chamber
136 in communication with each other. The first main liquid
chamber 130 and the auxiliary liquid chamber 136 are in
communication with each other through the first orifice 138,
such that liquid is able to flow between the first main liquid
chamber 130 and the auxiliary liquid chamber 136.

[0150] The recessed portion 158 of the partitioning mem-
ber 126 closed off at the upper face side by the closing plate
162 configures a housing chamber 170 that houses a rubber
moveable plate 168 that serves as a membrane. The moveable
plate 168 is formed in a substantially circular plate shape, and
is configured with an external diameter that is substantially
the same as the internal diameter of the housing chamber 170.
The moveable plate 168 is fitted into the housing chamber
170. An outer peripheral portion of the moveable plate 168 is
formed with a ring shaped outer peripheral guide portion
168 A that projects out towards the top and bottom. A central
portion of the moveable plate 168 is formed with a central
guide portion 168B that projects out towards the top and
bottom. The outer peripheral guide portion 168A and the
central guide portion 168B are set slightly higher than the
axial direction height of the housing chamber 170, and both
the guide portions 168A, 168B are configured so as to be
precompressed during attachment of the closing plate 162.
[0151] Aringportion 126A is formed to the radial direction
outside of the partitioning member 126, so as to extend
towards the upper side in a ring shape from an outer peripheral
portion of the partitioning member 126, and to have an exter-
nal diameter dimension corresponding to the internal diam-
eter of the outer cylinder fixing 116. The ring portion 126 A is
inserted into the inner peripheral face of the outer cylinder
fixing 116, such that the outer peripheral face of the ring
portion 126 A makes press-contact with the inner peripheral
face of the outer cylinder fixing 116. The internal diameter of
the ring portion 126 A has an outer diameter corresponding to
the lower connector 120 A, and the inner peripheral face of the
ring portion 126 A contacts the outer peripheral face of the
lower connector 120A. A lower end portion of the lower
connector 120A contacts the upper face portion of the parti-
tioning member 126, and an upper end portion of the lower
connector 120A is swaged to an upper end portion of the ring
portion 126A that extends towards the top side from the
partitioning member 126, thereby fixing the lower connector
120A to the partitioning member 126. The lower connector
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120A is thereby connected to the outer cylinder fixing 116
through the partitioning member 126. The axial direction S
separation between the upper connector 120B and the lower
connector 120A is set such that the partitioning wall 123 is
compressed at a specific compression ratio.

[0152] An outer peripheral groove 180 and an outer periph-
eral groove 181 are configured extending in the top-bottom
direction at symmetrical positions on the outer peripheral
face of the ring portion 126A on either side of the inside
attachment fixing 118, respectively. An upper side communi-
cation opening 182 is formed to the ring portion 126A so as to
penetrate an upper end portion of the ring portion 126 A from
a first end portion of the outer peripheral groove 180. The
other end of the outer peripheral groove 180 is connected to a
first end of a groove portion 184 formed in a circumferential
shape around substantially half the circumference of a main
body portion of the partitioning member 126. A lower side
communication opening 186 is formed at the other end of the
groove portion 184 so as to penetrate towards the auxiliary
liquid chamber 136 on the lower side.

[0153] An upper side communication opening 183 is
formed to the ring portion 126 A so as to penetrate an upper
end portion of the ring portion 124 A from a first end portion
of the outer peripheral groove 181. The other end portion of
the outer peripheral groove 181 is connected to a first end of
a groove portion 185 formed in a circumferential shape
around substantially half the circumference of the main body
portion of the partitioning member 126. A lower side com-
munication opening 187 is formed at the other end of the
groove portion 185 so as to penetrate towards the auxiliary
liquid chamber 136 on the lower side.

[0154] The peripheral outside of the outer peripheral
grooves 180, 181 of the ring portion 126A are closed off by
the inner peripheral face of the outer cylinder fixing 116. The
outer peripheral groove 180 and the groove portion 184 with
closed off peripheral outsides configure a second orifice 140
that places the auxiliary liquid chamber 136 and the left side
second main liquid chamber 132B in communication with
each other. The outer peripheral groove 181 and the groove
portion 185 similarly configure a second orifice 142 that
places the auxiliary liquid chamber 136 and the right side
second main liquid chamber 132A in communication with
each other. That is to say, the pair of second orifices 140, 142
allow liquid to flow between the pair of second main liquid
chambers 132A, 132B and the auxiliary liquid chamber 136.
The path length and cross-sectional area of the second orifices
140, 142 are set (tuned) so as to be adapted for vibration of a
desired frequency (for example pitching vibration with fre-
quency of 10 Hz to 15 Hz).

[0155] During assembly of the vibration damping device
110 of the present exemplary embodiment, as shown in FIG.
24, the elastic body main portion 122A is first vulcanize-
molded between the lower fixing 118A of the inside attach-
ment fixing 118 and the lower connector 120A. The upper
elastic body 122B and the partitioning walls 123 are similarly
vulcanize-molded between the upper fixing 118B and the
upper connector 120B, as shown in FIG. 22 and FIG. 23.
[0156] Next, the projection portion 118C of the lower fix-
ing 118A is fitted into the fitting hole 118D of the upper fixing
118B so as to assemble the inside attachment fixing 118. As
shown in FIG. 25A and FIG. 25B, the partitioning walls 123
are disposed at this stage in the recessed portions configured
by the two retaining portions 124, and the partitioning walls
123 are clamped by the retaining portions 124.
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[0157] Next, the lower connector 120A is fitted to the par-
titioning member 126, and the upper connector 120B and the
partitioning member 126 are fitted at a specific position inside
the outer cylinder fixing 116. Here, the partitioning member
126 is inserted from the upper side of the outer cylinder fixing
116, and the upper connector 120B is housed inside the outer
cylinder fixing 116 such that the partitioning wall 123 under-
goes compression deformation, as shown in FIG. 25B, from
the state shown in FIG. 25A. In this state, the entire outer
cylinder fixing 116 is swaged towards the peripheral inside.
The upper connector 120B, the lower connector 120A and the
partitioning member 126 are thereby fixed with respect to the
outer cylinder fixing 116. Note that the liquid with which the
inside is filled is prepared, and this assembly operation takes
place submerged in the liquid. The liquid can accordingly fill
the first main liquid chamber 130, the second main liquid
chamber 132, the auxiliary liquid chamber 136, the first ori-
fice 138 and the second orifices 140, 142. The outer cylinder
fixing 116 is then inserted into holder portion 112A of the
bracket 112, and once again fixed by swaging from the out-
side. The vibration damping device 110 can be manufactured
as described above.

[0158] Explanation follows regarding operation of the
vibration damping device 110 according to the present exem-
plary embodiment configured as described above. In the
present exemplary embodiment, when the engine that is
coupled to the inside attachment fixing 118 is actuated, vibra-
tion from the engine is transmitted through the inside attach-
ment fixing 118 to the elastic body main portion 122 A and the
upper elastic body 122B that configure the rubber elastic
body 122. When this occurs, the elastic body main portion
122A acts overall as a vibration absorption main body, with
the elastic body main portion 122 A undergoing elastic defor-
mation and absorbing vibration due to an attenuating action
based on for example internal friction. Vibration transmitted
to the vehicle body side is thereby reduced.

[0159] Note that the main vibrations input from the engine
to the vibration damping device 110 include for example
vibration (main vibration) generated by the back and forth
movement of the pistons inside their cylinders in the engine,
and vibration (secondary vibration) generated by changes to
the rotation speed of the crankshaft in the engine. With a
straight engine, the amplitude direction of the main vibration
(main amplitude direction) is substantially the same direction
as the vehicle top-bottom direction, and the amplitude direc-
tion of the secondary vibration (secondary amplitude direc-
tion) is substantially the same direction as the vehicle front-
rear direction (for a transverse mounted engine) or the vehicle
left-right direction (for a longitudinally mounted engine), this
being orthogonal to the amplitude direction of the main vibra-
tion.

[0160] The rubber elastic body 122 absorbs a portion of the
vibration due to the attenuating action of internal friction,
whether the input vibration is a main vibration along a main
amplitude direction substantially along the axial direction S
of'the vibration damping device 110, or a secondary vibration
along a secondary amplitude direction that is substantially
orthogonal to the main amplitude direction.

[0161] Moreover, when vibration is input from the engine
side to the inside attachment fixing 118 along the main ampli-
tude direction, the elastic body main portion 122 A undergoes
elastic deformation mainly along the main amplitude direc-
tion and the internal volume of the first main liquid chamber
130 expands and contracts. Liquid accordingly flows through
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the first orifice 138 between the first main liquid chamber 130
and the auxiliary liquid chamber 136, configured such that the
internal volume is capable of changing in response to changes
in liquid pressure.

[0162] The path length and cross-sectional area of the first
orifice 138 are set here to correspond to vibration frequencies
in a specific band (a relatively low frequency band). Hence,
when the input main vibration is a vibration of the corre-
sponding band, resonance (liquid column resonance) occurs
in the liquid that is flowing through the first orifice 138
between the first main liquid chamber 130 and the auxiliary
liquid chamber 136 in synchronization with the input vibra-
tion. Vibration input along the main amplitude direction can
accordingly be particularly effectively absorbed due to
changes in liquid pressure and viscous resistance accompa-
nying such liquid column resonance.

[0163] Moreover, when the input main vibration has a
higher frequency than the frequency of shake vibration and a
smaller amplitude thereto, for example at an input vibration
of an idling vibration (for example 20 Hz to 30 Hz) with
amplitude of between around 0.1 mm to 0.2 mm, the first
orifice 138 that is tuned to correspond to shake vibration
enters a blocked state, and liquid can no longer flow readily in
the first orifice 138. However, when the moveable plate 168
vibrates in the axial direction inside the housing chamber 170
in synchronization with the input vibration, liquid flows in the
gap between the internal wall face of the housing chamber
170 and the moveable plate 168, and between the first main
liquid chamber 130 and the auxiliary liquid chamber 136,
passing through the opening portions 160, 165. As a result, an
increase in the kinetic spring constant accompanying an
increase in liquid pressure inside the first main liquid cham-
ber 130 can be suppressed, and a low kinetic spring constant
can be maintained for the rubber elastic body 122 even when
such high frequency vibration is being input. High frequency
vibration can therefore also be effectively absorbed due for
example to elastic deformation ofthe rubber elastic body 122.
[0164] However, when vibration is input from the engine
side to the inside attachment fixing 118 in the secondary
amplitude direction, the internal volumes of the second main
liquid chambers 132A, 132B alternately expand and contract
accompanying elastic deformation of the upper elastic body
122B in the secondary amplitude direction. As a result, liquid
flows between the second main liquid chambers 132A, 132B
and the auxiliary liquid chamber 136 in synchronization with
the input vibration, since the second main liquid chambers
132A,132B and the auxiliary liquid chamber 136 are respec-
tively in communication with each other through the pair of
second orifices 140, 142. When the input secondary vibration
is of a specific frequency, resonance is thereby induced in the
liquid flowing between the second main liquid chambers
132A, 132B and the auxiliary liquid chamber 136 through the
pair of second orifices 140, 142. Vibration of the specific
frequency input along the secondary amplitude direction can
accordingly be particularly effectively absorbed due to
changes in liquid pressure and viscous resistance accompa-
nying the resonance of the liquid.

[0165] Inthe present exemplary embodiment, the partition-
ing walls 123 that partition the second main liquid chamber
132 are integrally configured to the upper elastic body 122B,
whilst being configured as a separate body to the elastic body
main portion 122A. Moreover, the outer peripheral end faces
of' the partitioning walls 123 are not vulcanize-bonded to the
outer cylinder fixing 116, but instead make press-contact with
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the internal wall of the outer cylinder fixing 116. Accordingly,
even when vibration that would cause heavy deformation of
the partitioning walls 123 is input to the vibration damping
device 110 from the engine side, the partitioning walls 123
deform relatively freely, alleviating concentration of stress at
specific locations. The durability of the vibration damping
device 110 is accordingly enhanced since fatigue does not
readily occur in the partitioning walls 123.
[0166] Moreover, in the present exemplary embodiment,
the partitioning walls 123 are disposed in an axial direction S
compressed state. Distortion of the partitioning walls 123 is
thereby suppressed, enabling durability to be further
enhanced.
[0167] Note that in the present exemplary embodiment,
both outside faces of the partitioning walls 123 are clamped
by the retaining portions 124, however configuration may be
made employing other methods, such as shown in FIG. 26 A
and FIG. 26B, whereby leading ends of the partitioning walls
123 are configured in an arc shape and inserted into a groove
125 formed in the elastic body main portion 122A.
[0168] In the present exemplary embodiment, the inside
attachment fixing 118 is divided into two, however as shown
in FIG. 27 and FIG. 28, the inside attachment fixing 118 may
be configured by a single member, and the upper elastic body
122B, the elastic body main portion 122 A and the partitioning
walls 123 may be integrally formed. Integral forming enables
a simple configuration to be adopted and easy assembly.
[0169] Moreover, as shown in FIG. 19, when the partition-
ing walls 123 are integrally formed to the upper elastic body
122B and the elastic body main portion 122 A, slits 123S may
be formed to the partitioning walls 123 from the outer periph-
eral face towards the inside attachment fixing 118. During
assembly of for example the partitioning walls 123 to the
outer cylinder fixing 116, the gaps of the slits 123S are tightly
closed due to compression of the partitioning walls 123 in the
axial direction S. By thus forming the slits 123S, upper side
portions and lower side portions of the partitioning walls 123
do not pull each other, and therefore one is not readily nega-
tively influenced by the other. The partitioning walls 23
accordingly deform relatively freely, alleviating concentra-
tion of stress, and enabling an increase in the durability of the
partitioning walls 123 to be achieved.
[0170] In the present exemplary embodiment, the second
main liquid chambers 132A, 132B and the auxiliary liquid
chamber 136 are placed in communication with each other
through the second orifices 140, 142. However, an orifice may
be configured to place the second main liquid chamber 132A
and the second main liquid chamber 132B in communication
with each other. In such cases, configuration may be made
with the second orifices 140, 142 provided, or configuration
may be made with the second orifices 140, 142 omitted.
[0171] Moreover, as shown in FIG. 30A and FIG. 30B, a
projection portion 122D corresponding to the partitioning
walls 123 may be formed to an outside face (upper face) of the
upper elastic body 122B of the present exemplary embodi-
ment. Forming the projection portion 122D thus enables the
strength of the partitioning walls 123 to be increased, and
movement during vibration input to be suppressed.
1. A vibration damping device comprising:
an inside attachment member that is coupled to one section
out of a vibration generation section or a vibration
receiving section;
an outer peripheral member that is coupled to the other
section out of the vibration generation section or the
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vibration receiving section, that is disposed so as to
surround the outer periphery of the inside attachment
member as viewed along a main vibration input direc-
tion, and that comprises an upper segment and a lower
segment that are segmented in the main vibration input
direction;

a elastic body that is disposed between the inside attach-
ment member and the outer peripheral member, and that
elastically connects together the inside attachment
member and the outer peripheral member;

a first main liquid chamber that is configured at the inside
of'the outer peripheral member and at the lower segment
side and main vibration input direction outside of the
inside attachment member, that comprises an internal
wall having at least a portion configured by the elastic
body, and that is filled with liquid;

an auxiliary liquid chamber that is filled with liquid and
comprises a dividing wall having a portion formed by a
diaphragm such that the auxiliary liquid chamber inter-
nal volume is capable of expanding and contracting in
response to liquid pressure changes;

afirstrestriction path that places the first main liquid cham-
ber and the auxiliary liquid chamber in communication
with each other and that enables liquid through flow;

aliquid chamber that is disposed between the inside attach-
ment member and the outer peripheral member as
viewed along the main vibration input direction, that has
the elastic body partitioning between the liquid chamber
and the first main liquid chamber, and that is filled with
liquid;

a partitioning wall that is integrally formed to the elastic
body, and that partitions the liquid chamber into a plu-
rality of second main liquid chambers disposed around
the outer circumferential direction of the inside attach-
ment member;

a positioning member that is disposed between the upper
segment and the lower segment of the outer peripheral
member, and that performs positioning between the
upper segment and the lower segment in the main vibra-
tion input direction such that the partitioning wall is in a
compressed state in the main vibration input direction;

a retaining member configured in a cylinder shape that
retains the upper segment and the lower segment posi-
tioned by the positioning member inside the cylinder;
and

a second restriction path that enables liquid to flow
between the plurality of second main liquid chambers, or
between each of the second main liquid chambers and
the auxiliary liquid chamber.

2. The vibration damping device of claim 1, wherein the
positioning member is divided into a plurality of divisions
around the circumferential direction of the retaining member.

3. The vibration damping device of claim 1, wherein both
main vibration input direction end faces of the positioning
member respectively contact the upper segment and the lower
segment, preventing the upper segment and the lower seg-
ment from moving in a direction approaching each other.

4. The vibration damping device of claim 1, wherein at
least one of the upper segment or the lower segment is dis-
posed to the peripheral inside of the positioning member.

5. The vibration damping device of claim 1, wherein the
second restriction path is configured between the positioning
member and the retaining member.
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6. The vibration damping device of claim 1, wherein at
least one of the upper segment or the lower segment com-
prises an extension portion that extends towards the other of
the upper segment or the lower segment, and the positioning
member performs positioning between the upper segment
and the lower segment by the extension portion contacting the
other of the upper segment or the lower segment.

7. The vibration damping device of claim 6, wherein the
second restriction path is configured between the retaining
member and the lower segment.

8. The vibration damping device of claim 1, wherein;

a slit is formed at the partitioning wall at a position between
the upper segment and the lower segment and from the
outer peripheral member side outer face of the partition-
ing wall towards the inside attachment member as
viewed along the main vibration direction; and

positioning between the upper outer peripheral member
and the lower outer peripheral member is performed by
the positioning member such that the interfaces of the
slit in the partitioning wall are pressed against each
other.

9. The vibration damping device of claim 1, wherein:

the vibration damping device further comprises a partition-
ing member that is disposed between the first main liq-
uid chamber and the auxiliary liquid chamber and that
partitions the chambers from each other; and

the first restricting path is configured in the partitioning
member.

10. A vibration damping device comprising:

an inside attachment member that is coupled to one section
out of a vibration generation section or a vibration
receiving section;

an outer peripheral member that is coupled to the other
section out of the vibration generation section or the
vibration receiving section, and that is disposed so as to
surround the outer periphery of the inside attachment
member as viewed along a main vibration input direc-
tion;

an elastic body that is disposed between the inside attach-
ment member and the outer peripheral member, that
elastically connects together the inside attachment
member and the outer peripheral member and configures
aliquid chamber between the inside attachment member
and the outer peripheral member, and that comprises an
upper elastic body positioned at a main vibration input
direction first side and an elastic body main portion
positioned at the main vibration input direction other
side with the liquid chamber interposed between the
upper elastic body and the elastic body main portion;

apartitioning wall that is disposed so as to connect together
the upper elastic body and the elastic body main portion
in a main vibration input direction compressed state, and
that partitions the liquid chamber into a plurality of
second main liquid chambers disposed around the outer
circumferential direction of the inside attachment mem-
ber;

a first main liquid chamber that is configured at the inside
of the outer peripheral member and the main vibration
input direction outside of the inside attachment member,
that comprises an internal wall having at least a portion
configured by the elastic body main portion, and that is
filled with liquid;

an auxiliary liquid chamber that is filled with liquid and
comprises a dividing wall having a portion formed by a
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diaphragm such that the auxiliary liquid chamber inter-
nal volume is capable of expanding and contracting in
response to liquid pressure changes;

afirstrestriction path that places the first main liquid cham-

ber and the auxiliary liquid chamber in communication
with each other and that enables liquid through flow; and

a second restriction path that enables liquid to flow

between the plurality of second main liquid chambers, or
between each of the second main liquid chambers and
the auxiliary liquid chamber.

11. The vibration damping device of claim 10, wherein the
upper elastic body is connected to the outer peripheral mem-
ber by an upper connector fixed to the outer periphery of the
upper elastic body, and the elastic body main portion is con-
nected to the outer peripheral member by a lower connector
fixed to the outer periphery of the elastic body main portion.

12. The vibration damping device of claim 10, wherein the
main vibration input direction compression ratio at the radial
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direction outside of the partitioning wall is greater than the
main vibration input direction compression ratio at the radial
direction inside of the partitioning wall.

13. The vibration damping device of claim 10, wherein a
projection portion is formed at an outside face of the upper
elastic body corresponding to the partitioning wall.

14. The vibration damping device of claim 10, wherein the
inside attachment member is divided in the main vibration
input direction, with the upper elastic body connected to a
first segment of the inside attachment member and with the
elastic body main portion, which is configured as a separate
body from the upper elastic body, connected to a second
segment of the inside attachment member.

15. The vibration damping device of claim 10, wherein the
partitioning wall is configured with a slit from the radial
direction outside towards the radial direction inside.
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