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(57) ABSTRACT

A vibration damping device including: a first mounting mem-
ber including a fitting tube part opening to a side for fitting
and mounting of an inner bracket; a second mounting mem-
ber; a main rubber elastic body elastically connecting the first
and second mounting members; and a stopper rubber pro-
vided on a portion of a circumference of the fitting tube part
while projecting to the side from an opening end surface of
the fitting tube part, the stopper rubber being configured to
overlap the inner bracket. The stopper rubber is configured to
be elastically deformed by fitting and mounting of the inner
bracket into the fitting tube part so as to abut and overlap the
inner bracket in a state urged by an elasticity of the stopper
rubber itself.
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VIBRATION DAMPING DEVICE

INCORPORATED BY REFERENCE

[0001] The disclosure of Japanese Patent Application No.
2014-094218 filed on Apr. 30, 2014, including the specifica-
tion, drawings and abstract is incorporated herein by refer-
ence in its entirety. This is a Continuation of International
Application No. PCT/JP2015/062719 filed on Apr. 27, 2015.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a vibration damping
device used for an engine mount for an automobile or the like,
for example.

[0004] 2. Description of the Related Art

[0005] From the past, known are vibration damping devices
interposed between members constituting the vibration trans-
mission system, as one type of vibration damping connecting
body or vibration damping support body for vibration damp-
ing connecting those members to each other. The vibration
damping device has a constitution by which a first mounting
member attached to one member constituting the vibration
transmission system and a second mounting member attached
to another member constituting the vibration transmission
system are elastically connected by a main rubber elastic
body. Also, as the vibration damping device, as disclosed in
Japanese Unexamined Patent Publication No. JP-A-2013-
117258, an item has been proposed for which the first mount-
ing member is equipped with a fitting tube part that opens to
the side, and an inner bracket is fit and mounted from the side
in the fitting tube part.

[0006] However, with the constitution noted in JP-A-2013-
117258 with which the inner bracket is fit in the fitting tube
part, at one portion on the circumference of the fitting tube
part, a stopper rubber is provided so as to project to the side
from an opening end surface of the fitting tube part. Also, for
example, between an inner bracket attached to a first mount-
ing member and an outer bracket attached to a second mount-
ing member, the stopper rubber is inserted, and by abutting of
the inner bracket and the outer bracket via the stopper rubber,
a bound stopper is constituted that restricts the approaching
displacement volume of the first mounting member and the
second mounting member.

[0007] However, with JP-A-2013-117258, during vibration
input, the stopper rubber undergoes elastic deformation in a
different phase from the inner bracket, and there was the risk
of'the stopper rubber striking the inner bracket and a striking
noise occurring. Perhaps this is because with JP-A-2013-
117258, the stopper rubber extends roughly in parallel or atan
incline in relation to the bottom surface of the inner bracket so
as to gradually separate as it goes towards the tip end, and
overlaps the inner bracket without being adhered. In addition,
when the stopper rubber separates from the inner bracket,
there was the risk of noise occurring due to separation from
the closely abutting state between those overlapping surfaces,
or noise occurring due to elastic deformation of the stopper
rubber in a state separated from the inner bracket or the like.

SUMMARY OF THE INVENTION

[0008] The present invention has been developed in view of
the above-described matters as the background, and it is an
object of the present invention to provide a vibration damping
device with a novel structure which is able to prevent noise
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due to the stopper rubber striking the inner bracket, noise that
occurs when the stopper rubber separates from the inner
bracket, and also noise that occurs due to deformation of the
stopper rubber in a state separated from the inner bracket or
the like.

[0009] The above and/or optional objects of this invention
may be attained according to at least one of the following
modes ofthe invention. The following modes and/or elements
employed in each mode of the invention may be adopted at
any possible optional combinations.

[0010] Specifically, a first mode of the present invention
provides a vibration damping device comprising: a first
mounting member including a fitting tube part opening to a
side for fitting and mounting of an inner bracket; a second
mounting member; a main rubber elastic body elastically
connecting the first and second mounting members; and a
stopper rubber provided on a portion of a circumference of the
fitting tube part while projecting to the side from an opening
end surface of the fitting tube part, the stopper rubber being
configured to overlap the inner bracket, wherein the stopper
rubber is configured to be elastically deformed by fitting and
mounting of the inner bracket into the fitting tube part so as to
abut and overlap the inner bracket in a state urged by an
elasticity of the stopper rubber itself.

[0011] With the vibration damping device constituted
according to this kind of first mode of the present invention,
by the abutting of the inner bracket and the second mounting
member side, a stopper means that restricts the relative dis-
placement volume of the first mounting member and the
second mounting member is constituted, and damage or the
like due to excessive deformation of the main rubber elastic
body is prevented. Furthermore, the striking noise during
abutment of the inner bracket and the second mounting mem-
ber side is reduced or eliminated by the buffering action or the
like based on internal friction of the stopper rubber.

[0012] Also, by the stopper rubber being made to abut and
overlap the inner bracket in an urged state, during vibration
input, it is easy for the stopper rubber to be held in an abutting
state without separating from the inner bracket, and noise due
to striking of the stopper rubber on the inner bracket as well as
noise generated during the stopper rubber separating from the
inner bracket or in a separated state therefrom are prevented.
In fact, the stopper rubber is made to elastically deform by
mounting of the inner bracket in the first mounting member,
and the stopper rubber is urged to the inner bracket side by
elasticity of the stopper rubber itself so it is possible to effec-
tively prevent noise with a simple structure without requiring
a special urging means or adhesion step or the like.

[0013] A second mode ofthe present invention provides the
vibration damping device according to the first mode,
wherein an overlapping surface of the stopper rubber to over-
lap the inner bracket is inclined relative to an overlapping
surface of the inner bracket to overlap the stopper rubber.
[0014] With the second mode, the inner bracket is mounted
on the first mounting member, and by the stopper rubber and
the inner bracket being overlapped, the stopper rubber is
made to elastically deform following the shape of the inner
bracket, and urging force is exhibited based on the elasticity
of the stopper rubber. In fact, by using a form for which the
overlapping surfaces of the stopper rubber and the inner
bracket are relatively inclined, the stopper rubber and the
inner bracket are overlapped with a broad surface, and dura-
bility is improved by decentralization of the surface pressure
with the stopper means.
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[0015] A third mode of the present invention provides the
vibration damping device according to the second mode,
wherein the stopper rubber is inclined to an inner circumfer-
ence side of the fitting tube part as it goes to a projection tip
end side of the stopper rubber.

[0016] With the third mode, since the stopper rubber
inclines to the inner circumference side of the fitting tube part,
by fitting and mounting the inner bracket into the fitting tube
part, it is possible to easily have the stopper rubber elastically
deform. In particular, it is possible to have the overlapping
surface of the inner bracket overlapped with the stopper rub-
ber be aroughly parallel surface with the insertion direction to
the fitting tube part, and by providing the stopper means in the
direction roughly orthogonal to the insertion direction to the
fitting tube part, falling out of the inner bracket from the
fitting tube is avoided, and a stopper means with excellent
load bearing capacity is realized.

[0017] A fourth mode of the present invention provides the
vibration damping device according to the third mode,
wherein an incline angle of an inclined part of the stopper
rubber to the inner circumference side of the fitting tube part
is fixed.

[0018] With the fourth mode, for example a metal mold for
forming the stopper rubber and a metal mold for forming a
covering rubber for covering the fitting tube part or the like
are integrally made, and even in a case when mold division is
done so that demolding is done in the fitting tube part opening
direction, by having the incline angle of the inclined part of
the stopper rubber be roughly fixed, it is possible to relatively
easily take the stopper rubber having an undercut structure in
relation to the demolding direction out from the metal mold.

[0019] A fifth mode of the present invention provides the
vibration damping device according to the third mode,
wherein an incline angle of an inclined part of the stopper
rubber to the inner circumference side of the fitting tube part
becomes larger as it goes to the projection tip end side.

[0020] With the fifth mode, by having the stopper rubber
overlap the inner bracket, even if the overlapping surface of
the inner bracket to overlap the stopper rubber is a flat surface
that is not inclined, it is possible to obtain urging force not
only with the elasticity of the base end part of the stopper
rubber but also by the elasticity of the projection tip end side.
Therefore, it is easier to hold the projection tip end side of the
stopper rubber, which easily separates from the inner bracket
during vibration input, in a state abutting the inner bracket, so
it is possible to effectively prevent noise due to the stopper
rubber striking the inner bracket, noise that occurs when the
stopper rubber separates from the inner bracket, and noise
that occurs in a separated state or the like.

[0021] A sixth mode of the present invention provides the
vibration damping device according to any one of the first to
fifth modes, wherein the stopper rubber has a plate shape that
extends in a circumference direction of the fitting tube part.
[0022] With the sixth mode, the overlapping surfaces of the
stopper rubber and the inner bracket can be ensured to be large
in the circumference direction of the fitting tube part, and
durability is improved by decentralization of the surface pres-
sure with the stopper means.

[0023] A seventh mode of the present invention provides
the vibration damping device according to any one of the first
to sixth modes, wherein the stopper rubber includes support
recesses formed on both widthwise end parts of its projection
base end part while opening to an outer circumference side of

Feb. 11, 2016

the fitting tube part, and the fitting tube part is exposed to the
outer circumference side at the support recesses.

[0024] With the seventh mode, support recesses that expose
the fitting tube part are formed at both ends in the width
direction, so while making fewer locations that are thin
walled at the projection base end part of the stopper rubber,
when doing vulcanization molding of the main rubber elastic
body, it is possible to support the fitting tube part with the
metal mold at the support recess formed part. Therefore, it is
possible to have the urging force by the elasticity of the base
end part of the stopper rubber be sufficiently large, and pos-
sible to stably support the fitting tube part with good balance
at both ends in the width direction during molding of the
rubber elastic body.

[0025] An eighth mode of the present invention provides
the vibration damping device according to any one of the first
to seventh modes, wherein the fitting tube part is covered by
a covering rubber including an end surface covering part that
covers an axially end surface of the fitting tube part, the
stopper rubber is integrally formed with the end surface cov-
ering part and projects axially outward therefrom, an over-
lapping surface of the stopper rubber to overlap the inner
bracket includes a base end edge, the base end edge being
positioned on the axially end surface of the fitting tube part,
the end surface covering part further to the inner circumfer-
ence side than the base end edge includes an inclined end
surface inclined axially inward facing the inner circumfer-
ence side, and the inclined end surface is configured to be
pressed by the inner bracket in a fitting direction.

[0026] With the eighth mode, the fitting end is reliably
regulated by the inner bracket fit into the fitting tube part
abutting on the fitting tube part via the end surface covering
part of the covering rubber. Also, the base end edge of the
stopper rubber that becomes the outer circumference edge
part of the inclined end surface is positioned further to the
inner circumference side than the outer circumference sur-
face of the fitting tube part, so by elastic deformation of the
end surface covering part in accordance with abutting of the
inner bracket, force is applied on the stopper rubber in the
direction pressing to the inner bracket side. By so doing, noise
due to striking of the stopper rubber on the inner bracket,
noise that occurs when the stopper rubber separates from the
inner bracket, and noise that occurs in a separated state and
the like are more effectively prevented. In fact, since the
abutting surface of the end surface covering part to abut the
inner bracket is the inclined end surface, localized stress
concentration that comes with abutting of the inner bracket on
the end covering part is ameliorated, and also, it is possible to
have even more efficient pressing force of the stopper rubber
to the inner bracket side by elastic deformation of the end
surface covering part.

[0027] A ninth mode of the present invention provides the
vibration damping device according to any one of the first to
eighth modes, wherein the stopper rubber is integrally formed
with the main rubber elastic body, the stopper rubber includes
a deformation allowance groove formed at its projection base
end part, the deformation allowance groove extending in a
width direction while opening onto a surface reverse to an
overlapping surface to overlap the inner bracket, a groove
internal surface of the deformation allowance groove has a
smooth curved shape in a groove width direction, and an
opening part of the deformation allowance groove is
smoothly continuous with each surface of the stopper rubber
and the main rubber elastic body.
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[0028] With the ninth mode, by having the stopper rubber
and the main rubber elastic body integrally formed, it is
possible to easily have a constitution with a small number of
components. Furthermore, with the deformation allowance
groove formed on the base end part of the stopper rubber, a
large free surface of the base end part of the stopper rubber is
ensured, and in relation to elastic deformation of the stopper
rubber due to mounting of the inner bracket and the like, it is
possible to reduce tensile stress that acts on the base end part
of the stopper rubber and improve durability.

[0029] A tenth mode of the present invention provides the
vibration damping device according to any one of the first to
ninth modes, wherein the first mounting member is arranged
at one opening side of the second mounting member having a
tube shape, and a bound stopper is constituted that restricts
relative approaching displacement volume of the first mount-
ing member and the second mounting member by abutting of
the inner bracket fit in the fitting tube part of the first mounting
member and a second mounting member side via the stopper
rubber.

[0030] With the tenth mode, the bound stopper is consti-
tuted with a simple constitution, and it is possible to prevent
damage or the like of the main rubber elastic body due to
excessive approaching displacement of the first mounting
member and the second mounting member. In fact, the strik-
ing noise during abutment of the inner bracket and the second
mounting member side is reduced by the stopper rubber over-
lapped with the inner bracket in an urged abutting state, and
noise due to striking of the stopper rubber on the inner
bracket, noise that occurs when the stopper rubber separates
from the inner bracket, and noise that occurs in a separated
state and the like are prevented as well.

[0031] With the present invention, by fitting and mounting
the inner bracket into the fitting tube part of the first mounting
member, the stopper rubber is elastically deformed, and the
stopper rubber is made to overlap the inner bracket in an urged
abutting state. By so doing, during vibration input, it is easier
to hold the stopper rubber in an abutting state without sepa-
rating from the inner bracket, and the occurrence of noise due
to striking of the stopper rubber on the inner bracket, noise
when separating from the inner bracket or when in a separated
state or the like are prevented. Furthermore, since the stopper
rubber is urged to the inner bracket side by the elasticity of the
stopper rubber itself, it is possible to prevent the occurrence of
noise with a simple constitution without requiring a special
urging means, adhesion or the like to urge the stopper rubber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The foregoing and/or other objects, features and
advantages of the invention will become more apparent from
the following description of a preferred embodiment with
reference to the accompanying drawings in which like refer-
ence numerals designate like elements and wherein:

[0033] FIG. 11is a front view showing a vibration damping
device in the form of an engine mount as a first embodiment
of the present invention;

[0034] FIG. 2 is a plan view of the engine mount shown in
FIG. 1,
[0035] FIG. 3 isa cross section view taken along line 3-3 of
FIG. 2;
[0036] FIG. 4 is a perspective view of the engine mount

shown in FIG. 1;
[0037] FIG. 5is a front view with an inner bracket and an
outer bracket mounted on the engine mount shown in FIG. 1;
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[0038] FIG. 6 is a vertical cross section view of the engine
mount with the brackets shown in FIG. 5;

[0039] FIG. 7 is a vertical cross section view showing an
engine mount as a second embodiment of the present inven-
tion; and

[0040] FIG. 8 is a vertical cross section view showing an
engine mount as a third embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0041] Following, we will describe embodiments of the
present invention while referring to the drawings.

[0042] FIGS. 1 to 4 show an engine mount 10 of an auto-
mobile as a first embodiment of a vibration damping device
constituted according to the present invention. The engine
mount 10 has a constitution with which a first mounting
member 12 and a second mounting member 14 are elastically
connected by a main rubber elastic body 16. With the descrip-
tion below, as a rule, the vertical direction means the vertical
direction in FIG. 1 which is the mount center axis direction.
[0043] In more specific detail, the first mounting member
12 is a highly rigid member formed using iron, an aluminum
alloy or the like, and as shown in FIG. 3, is equipped with a
roughly rectangular tube shaped fitting tube part 18 that opens
to the side extending in the direction roughly orthogonal to
the mount center axis. On the other hand, the second mount-
ing member 14 is a highly rigid member similar to the first
mounting member 12, and has a thin walled, large diameter,
roughly round tube shape extending vertically.

[0044] Then, the first mounting member 12 is arranged at
the upper opening side of the second mounting member 14,
and the first mounting member 12 and the second mounting
member 14 are elastically connected by the main rubber
elastic body 16. The main rubber elastic body 16 has a thick
walled, large diameter, roughly truncated cone shape, with
the small diameter side end part adhered by vulcanization to
the first mounting member 12, and the outer circumference
surface of the large diameter side end part adhered by vulca-
nization to the second mounting member 14.

[0045] Furthermore, a large diameter recess 28 is formed
on the main rubber elastic body 16. The large diameter recess
28 has roughly an inverted mortar shape gradually becoming
larger in diameter facing downward, which is the opening
side, and opens to the end surface of the large diameter side of
the main rubber elastic body 16.

[0046] Furthermore, the fitting tube part 18 of the first
mounting member 12 is covered by a covering rubber 32. The
covering rubber 32 is a rubber layer that covers across roughly
the entirety of the surface of the fitting tube part 18, and is
integrally formed with the main rubber elastic body 16. The
opening end surface of the fitting tube part 18 is covered by an
end surface covering part 33 of the covering rubber 32. Also,
the covering rubber 32 that covers the inner circumference
surface of the fitting tube part 18 becomes gradually thinner
toward the openings of both sides from the center of the length
direction of the fitting tube part 18, and the inner circumfer-
ence surface of the covering rubber 32 is constituted with a
tapered surface that gradually expands facing the opening of
the fitting tube part 18.

[0047] Also, a stopper rubber 35 is integrally formed with
the main rubber elastic body 16 and the end surface covering
part 33 of the covering rubber 32. The stopper rubber 35 has
a designated width in the circumference direction (in FIG. 2,
the vertical direction) at the lower wall part of the fitting tube
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part 18, and is a plate shaped rubber elastic body that extends
at a roughly fixed thickness dimension, and projects axially
outward from one end surface covering part 33 of the fitting
tube part 18.

[0048] Furthermore, with this embodiment, a base end edge
36 of the top surface of the stopper rubber 35 is positioned
below the top surface of the covering rubber 32 that covers the
lower wall part inner circumference surface of the fitting tube
part 18. Besides, the base end edge 36 of the stopper rubber 35
and the top surface of the covering rubber 32 that covers the
lower wall part inner circumference surface of the fitting tube
part 18 are connected by an inclined end surface 37 inclined
downward to the outer circumference side of the fitting tube
part 18 gradually as it goes toward the projection tip end side
of the stopper rubber 35. Also, the end edge of the stopper
rubber 35 side at the inclined end surface 37 is positioned on
the axially end surface of the fitting tube part 18, and overlaps
the lower wall part of the fitting tube part 18 when viewed in
the fitting direction projection of an inner bracket 44
described later. Thus, the inclined end surface 37 is provided
further to the inner circumference side than the outer circum-
ference surface of the fitting tube part 18. In other words, with
this embodiment, the end surface covering part 33 of the
covering rubber 32 positioned further to the inner circumfer-
ence side than the base end edge 36 of the stopper rubber 35
has the surface on axially outside of the fitting tube part 18 as
the inclined end surface 37 that is inclined axially inward
facing the inner circumference side. The inclined end surface
37 is connected smoothly and continuously to the top surface
of'the covering rubber 32 that covers the lower wall part inner
circumference surface of the fitting tube part 18, and is con-
nected to the top surface of the stopper rubber 35 in a polygo-
nal line extending in the width direction (vertical direction in
FIG. 2).

[0049] Here, as shownin FIG. 3, with the stopper rubber 35,
a base end plate part 38 extends in the direction roughly
orthogonal to the mount center axis, while a tip end plate part
39 is used as the inclined part that is inclined to the inner
circumference side of the fitting tube part 18 as it goes toward
the projection tip end side. With this embodiment, the stopper
rubber 35 is provided so as to project to the side from the
lower wall part of the fitting tube part 18, and the tip end plate
part 39 is inclined upward at a roughly fixed incline angle (0)
facing the projection tip end side. Furthermore, with this
embodiment, the tip end plate part 39 of the stopper rubber 35
is a roughly flat plate shape with a roughly fixed thickness
dimension, and the top surface and bottom surface are
inclined surfaces that are both mutually inclined at roughly
the same angle, and the elastic major axis of the projection
direction ofthe tip end plate part 39 gradually inclines upward
as it goes to the projection tip end side. Furthermore, with the
stopper rubber 35, the projection tip end part is formed at a
length projecting further to the outer circumference side than
the second mounting member 14. The size of the incline angle
() of the tip end plate part 39 with the stopper rubber 35 is not
particularly limited, and can be set as appropriate considering
the shape of the lower surface of the inner bracket 44
described later, the mold removability of the stopper rubber
35 and the like.

[0050] Furthermore, a pair of support recesses 40, 40 open-
ing at the bottom surface is formed on the base end plate part
38 of the stopper rubber 35 and the covering rubber 32 con-
nected thereto. As shown in FIGS. 1 and 4, the support
recesses 40 are formed at both widthwise end parts of the
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stopper rubber 35, and open at the stopper rubber 35 bottom
surface and widthwise outer surface. Also, at the parts at
which the support recesses 40 are formed, portions of the
fitting tube part 18 are exposed from the covering rubber 32.
[0051] Furthermore, a deformation allowance groove 42 is
formed on the projection base end part positioned at the base
end plate part 38 side of the stopper rubber 35. The deforma-
tion allowance groove 42 opens to the bottom surface of the
base end plate part 38 that is the outer circumference side of
the fitting tube part 18, extends continuously across the entire
length in the width direction of the base end plate part 38, and
with this embodiment, both end parts are connected to the pair
of support recesses 40, 40. Furthermore, the deformation
allowance groove 42 extends in a roughly fixed groove cross
section shape, and the groove internal surface has a smooth,
curved shape that does not have any break points in the groove
width direction, and the opening part is smoothly connected
to the bottom surface of the stopper rubber 35 and the bottom
surface of the covering rubber 32. The bottom surface of the
covering rubber 32 is smoothly connected continuously to the
outer circumference surface of the main rubber elastic body
16.

[0052] The main rubber elastic body 16, the covering rub-
ber 32, and the stopper rubber 35 are formed as an integrally
vulcanization molded component incorporating the first
mounting member 12 and the second mounting member 14.
Specifically, by a cavity of a metal mold (not illustrated) in
which the first mounting member 12 and the second mounting
member 14 are set being filled with rubber material and
undergoing vulcanization molding, the main rubber elastic
body 16 equipped with the covering rubber 32 and the stopper
rubber 35 is formed. With this embodiment, since the rubber
elastic body is vulcanization molded in a state with the fitting
tube part 18 supported by the metal mold at a plurality of
locations of the opening end part, the fitting tube part 18 is
exposed to the outside at the pair of support recesses 40, 40
and a plurality of notches 43 formed on the covering rubber
32. With the fitting tube part 18, both widthwise end parts of
the top surface and the bottom surface, and the opening end
surface and the widthwise outer surface of the vertical center
part are exposed to the outside through the pair of support
recesses 40, 40 and the plurality of notches 43.

[0053] As shown in FIGS. 5 and 6, the inner bracket 44 and
an outer bracket 46 are mounted on the engine mount 10
constituted as described above. Specifically, the inner bracket
44 is a highly rigid member formed of iron, an aluminum
alloy or the like, and is integrally equipped with a roughly
rectangular rod shaped fitting part 48 that is press fit and fixed
to the fitting tube part 18 of the first mounting member 12 and
an attachment part 50 projecting to the side from the fitting
part 48. A bolt hole (not illustrated) is formed at the end part
on the side opposite to the fitting part 48 with the attachment
part 50. Also, the bottom surface of the attachment part 50 is
a flat surface that extends orthogonally to the mount center
axis, and is inclined relative to the top surface of the stopper
rubber 35. Furthermore, the bottom surface of the attachment
part 50 projects further downward than the bottom surface of
the fitting part 48, and in a state with the fitting part 48 press
fit mounted on the fitting tube part 18, is positioned at roughly
the same vertical position as the base end edge 36 of the
stopper rubber 35.

[0054] The outer bracket 46 is a highly rigid member, the
same as the inner bracket 44, and has a press fit tube part 52
having a roughly round tubular shape. Furthermore, the press
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fit tube part 52 is thick walled with a large diameter, and a
portion on the circumference of the top end surface is used as
a stopper abutting surface 54 facing opposite vertically to the
inner bracket 44 in a vehicle mounted state described later.
Though not shown explicitly in the drawings, an attachment
part to the vehicle body described later is fixed as an inte-
grated unit or a separate unit to the press fit tube part 52 on the
outer bracket 46.

[0055] Also, by the fitting part 48 of the inner bracket 44
being fit in the fitting tube part 18 of the first mounting
member 12, and the second mounting member 14 being press
fit to the press fit tube part 52 of the outer bracket 46, the inner
bracket 44 and the outer bracket 46 are attached to the engine
mount 10. Furthermore, by the attachment part 50 of the inner
bracket 44 being fixed to a power unit (not illustrated) and the
outer bracket 46 being fixed to a vehicle body (not illustrated),
the engine mount 10 is interposed between the power unit and
the vehicle body, and the power unit is given vibration damp-
ing support by the vehicle body. By the lower part of the
attachment part 50 with the inner bracket 44 abutting the
axially end surface of the fitting tube part 18 via the end
surface covering part 33 of the covering rubber 32, the fitting
end is regulated. Also, in the state mounted on the vehicle,
since the static burden support load of the power unit is input
in the axial direction between the first mounting member 12
and the second mounting member 14, the first mounting
member 12 and the second mounting member 14 are dis-
placed relatively approaching in the axial direction.

[0056] Also, the bottom surface of the attachment part 50 of
the inner bracket 44 and the stopper abutting surface 54 of the
outer bracket 46 are arranged facing opposite separated by a
designated distance vertically, and the stopper rubber 35 is
inserted between the facing surfaces of the inner bracket 44
and the outer bracket 46. When the first mounting member 12
and the second mounting member 14 are relatively displaced
significantly in the approaching direction by vibration input
in the axial direction, the attachment part 50 of the inner
bracket 44 and the outer bracket 46 abut via the stopper rubber
35. By so doing, a bound stopper that restricts the relative
displacement volume of the first mounting member 12 and the
second mounting member 14 is constituted, and since exces-
sive approaching displacement by the first mounting member
12 and the second mounting member 14 is prevented, damage
to the main rubber elastic body 16 and the like is avoided.
[0057] In{fact, by the inner bracket 44 and the outer bracket
46 abutting via the stopper rubber 35, the striking noise during
abutting is reduced or prevented. In addition, since the stop-
per rubber 35 is a plate shape having a designated width in the
circumference direction of the fitting tube part 18, the stopper
rubber 35 is inserted between the inner bracket 44 and the
outer bracket 46 across a broad range in the circumference
direction of the outer bracket 46. Thus, by decentralization of
the surface pressure, durability of the stopper rubber 35 is
improved. With this embodiment, as shown in FIG. 6, the
widthwise center part of the stopper rubber 35 has a length
that does not reach to the outer circumference end of the outer
bracket 46, but the stopper rubber 35 can extend out to the
outer circumference further than the outer bracket 46 across
the entire width direction.

[0058] Furthermore, the bottom surface of the attachment
part 50 with the inner bracket 44 extends roughly orthogo-
nally to the mount center axis in roughly the same vertical
position as the top surface of the base end plate part 38 with
the stopper rubber 35 in a state with the inner bracket 44
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mounted on the first mounting member 12. Therefore, the
bottom surface of the attachment part 50 is pressed against the
top surface of the tip end plate part 39 that tilts upward facing
the projection tip end side. By so doing, as shown in FIGS. 5
and 6, the stopper rubber 35 is pressed down on the tip end
side by the inner bracket 44, and in a state elastically
deformed in a non-inclined shape extending in the direction
roughly orthogonal to the mount center axis, is overlapped
with the attachment part 50 of the inner bracket 44. As a
result, the stopper rubber 35 abuts and overlaps the attach-
ment part 50 of the inner bracket 44 in a state urged by its own
elastic force. The deformation allowance groove 42 formed
on the base end plate part 38 of the stopper rubber 35 opens
onto the surface reverse to the overlapping surface of the
stopper rubber 35 to overlap the inner bracket 44. Also, the
relative incline angle (0) of the top surface of the tip end plate
part 39 of the stopper rubber 35 and the bottom surface of the
attachment part 50 of the inner bracket 44 is preferably set so
as to be 3°<0=20°, and more preferably 5°<0<15°. By so
doing, while preventing the stopper rubber 35 from being a
marked obstacle during fitting and mounting of the inner
bracket 44 into the fitting tube part 18, it is possible to obtain
sufficient urging force of the stopper rubber 35 to the inner
bracket 44 side.

[0059] Inthis way, by having the stopper rubber 35 abutand
overlap the inner bracket 44 in an urged state, it is easier to
hold the stopper rubber 35 in an abutting state to the inner
bracket 44 even during vibration input, and it is possible to
prevent striking of the stopper rubber 35 after separation from
the inner bracket 44. With this embodiment, since the tip end
plate part 39 of the stopper rubber 35 is an inclined plate shape
that inclines to the inner circumference side of the fitting tube
part 18 as it goes to the projection tip end side, by the inner
bracket 44 being mounted, the entire stopper rubber 35 over-
laps the inner bracket 44 with almost no gap therebetween, so
the occurrence of a striking noise is more effectively pre-
vented. Also, by the stopper rubber 35 being held in a state
abutting the inner bracket 44, when the stopper rubber 35
separates from the inner bracket 44, the noise that occurs due
to separation from the tightly abutting state of those overlap-
ping surfaces, and the noise that occurs when the stopper
rubber deforms in a state separated from the inner bracket 44
and the like are effectively prevented.

[0060] In fact, with this embodiment, the inclined end sur-
face 37 that connects the top surface of the stopper rubber 35
and the inner circumference surface of the covering rubber 32
is an inclined surface that inclines in relation to the fitting
direction ofthe inner bracket 44, and is provided further to the
inner circumference side than the outer circumference sur-
face of the fitting tube part 18. Then, by mounting of the inner
bracket 44 to the fitting tube part 18, the attachment part 50 of
the inner bracket 44 is configured to be pressed against the
inclined end surface 37 in the fitting direction. By so doing,
the stopper rubber 35 is more strongly pressed against the
attachment part 50 of the inner bracket 44 by the elastic
deformation of the end surface covering part 33 that comes
with abutting of the inner bracket 44 on the inclined end
surface 37. Thus, it is possible to more effectively reduce
noise due to striking of the stopper rubber 35 on the inner
bracket 44, noise that occurs when separating from the inner
bracket 44, and noise that occurs when in a separated state
from the inner bracket 44. In addition, by the abutting surface
with the inner bracket 44 of the end surface covering part 33
being inclined in relation to the fitting direction of the inner
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bracket 44, local concentration of stress that comes with
abutting is prevented, and durability is improved and the like.
[0061] Furthermore, the urge ofthe stopper rubber 35 to the
inner bracket 44 side is realized by the elasticity of the stopper
rubber 35 itself simply by mounting of the inner bracket 44 to
the first mounting member 12, so a special urging means,
adhesion or the like are not required, and an increase in the
number of components, the number of manufacturing steps
and the like are avoided. In fact, by the tip end plate part 39 of
the stopper rubber 35 being a roughly flat plate shape, when
the metal mold for forming the stopper rubber 35 has the mold
division in the fitting tube part 18 opening direction (the
lateral direction in FIG. 3), it is possible to relatively easily
remove the metal mold from the stopper rubber 35 which has
an undercut structure, and it is possible to do vulcanization
molding of the main rubber elastic body 16 equipped with the
stopper rubber 35 having a low number of mold divisions.
[0062] Also, with this embodiment, support recesses 40 are
formed at both widthwise end parts of the base end plate part
38 of the stopper rubber 35, and during molding of the cov-
ering rubber 32 and the stopper rubber 35, at the parts at which
the support recesses 40 are formed at which the fitting tube
part 18 is exposed to the outside, the first mounting member
12 is supported by the metal mold. By so doing, with the base
end plate part 38 of the stopper rubber 35, the thin walled part
for supporting the fitting tube part 18 with the metal mold is
kept to a minimum, and it is possible to effectively obtain
urging force to the inner bracket 44 side by the elasticity of the
stopper rubber 35, and during molding of the covering rubber
32 and the stopper rubber 35, it is possible to stably and with
good balance support both widthwise end parts of the fitting
tube part 18 with the metal mold.

[0063] Also, the deformation allowance groove 42 opens at
the bottom surface of the base end plate part 38 of the stopper
rubber 35, and the free surface of the base end plate part 38 is
made larger. Therefore, stress that acts on the base end plate
part 38 in an elastically deformed state of the stopper rubber
35 due to mounting of the inner bracket 44 is reduced, and
durability of the base end plate part 38 is improved.

[0064] With this embodiment, the base end plate part 38
that extends roughly orthogonally to the mount center axis is
provided at the base end part of the stopper rubber 35, but the
entire stopper rubber can also be inclined in relation to the
direction orthogonal to the mount center axis.

[0065] FIG. 7 shows an engine mount 60 for an automobile
as a second embodiment of the vibration damping device
constituted according to the present invention. The engine
mount 60 is equipped with a stopper rubber 62. With the
description hereafter, members and parts that are substan-
tially the same as those of the first embodiment will be given
the same code numbers in the drawings, and a description will
be omitted. Also, the parts not explicitly shown in the drawing
for the engine mount 60 (pair of support recesses 40, 40,
plurality of notches 43 of the covering rubber 32 and the like),
and the inner bracket 44 and outer bracket 46 to be attached to
the engine mount 60 can use the same constitution as those of
the first embodiment.

[0066] In more specific detail, the stopper rubber 62 has a
plate shape that projects from the opening end part of the
fitting tube part 18 with roughly fixed width dimensions. The
stopper rubber 62 is integrally equipped with a base end plate
part 64 with a small incline angle in relation to the direction
orthogonal to the mount center axis and a tip end plate part 66
with a large incline angle, and is in a form a bent in the
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thickness direction at the projection direction center part. In
other words, the stopper rubber 62 is an inclined part for
which the entirety is inclined in relation to the direction
orthogonal to the mount center axis, the incline angle changes
in two stages in the projecting direction, and the incline angle
of'the projection tip end part is larger than that of the base end
part. The base end plate part 64 and the tip end plate part 66 of
this embodiment have mutually roughly the same thickness,
and each has roughly a fixed thickness, so the top surface and
bottom surface are inclined at roughly the same angle.
[0067] With the engine mount 60 having this kind of con-
stitution as well, the same as with the first embodiment, the
inner bracket 44 is attached to the first mounting member 12,
and the outer bracket 46 is attached to the second mounting
member 14. Then, in the state with the inner bracket 44
mounted to the first mounting member 12, the attachment part
50 of the inner bracket 44 is pressed against the stopper rubber
62, and the stopper rubber 62 is elastically deformed in a
roughly flat plate shape without an incline that extends
roughly orthogonally to the mount center axis. By so doing,
the stopper rubber 62 is abutted on the inner bracket 44 in a
state urged by its own elasticity, and the occurrence of noise
such as by striking of the stopper rubber 62 on the inner
bracket 44 or the like is prevented.

[0068] With this embodiment, the incline angle of the stop-
per rubber 62 changes in stages in the projection direction,
and the incline angle of the tip end plate part 66 is made larger
than that of the base end plate part 64. By so doing, by
mounting of the inner bracket 44 to the first mounting mem-
ber 12, urging force is applied by the elasticity of the base end
part of the stopper rubber 62, and urging force is also exhib-
ited by the elasticity of the boundary part of the base end plate
part 64 and the tip end plate part 66 with the stopper rubber 62.
Therefore, at the tip end side of the stopper rubber 62 that is
easily separated from the inner bracket 44, it is possible to
effectively obtain urging force based on the elasticity of the
stopper rubber 62, and by making it even easier to hold the
abutting state on the inner bracket 44, noise is advantageously
prevented.

[0069] FIG. 8 shows an engine mount 70 for an automobile
as a third embodiment of the vibration damping device con-
stituted according to the present invention. The engine mount
70 is equipped with a stopper rubber 72.

[0070] In more specific detail, the stopper rubber 72 has a
plate shape that projects from the opening end part of the
fitting tube part 18 with a roughly fixed width dimension, and
is inclined gradually to the inner circumference side of the
fitting tube part 18 as it goes to the projection tip end side.
Furthermore, the stopper rubber 72 is an inclined part for
which roughly the entirety is inclined in relation to the direc-
tion orthogonal to the mount center axis, and the incline angle
in relation to the direction orthogonal to the mount center axis
becomes gradually larger as it goes to the projection tip end
side, and curves in the thickness direction. The stopper rubber
72 of this embodiment has a roughly fixed thickness, and the
elastic major axis extending in the projection direction curves
upward as it goes to the tip end side.

[0071] With the engine mount 70 having this kind of con-
stitution as well, the same as with the first and second embodi-
ments, the inner bracket 44 is attached to the first mounting
member 12, and the outer bracket 46 is attached to the second
mounting member 14. Also, in the state with the inner bracket
44 mounted on the first mounting member 12, the attachment
part 50 of the inner bracket 44 is pressed against the stopper
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rubber 72, and the stopper rubber 72 is made to be elastically
deformed in a roughly flat plate shape that is not inclined,
extending roughly orthogonally to the mount center axis. By
so doing, the stopper rubber 72 is abutted in an urged state on
the inner bracket 44, and the occurrence of noise due to
striking of the stopper rubber 72 on the inner bracket 44 and
the like is prevented.

[0072] With this embodiment, the incline angle of the stop-
per rubber 72 changes gradually in the projecting direction,
and the incline angle of the tip end side is larger than that of
the base end side. By so doing, the stopper rubber 72 is
pressed against the inner bracket 44 side in an urged state
across roughly the entirety in the projecting direction, so it
becomes even easier to hold the stopper rubber 72 in an
abutted state on the inner bracket 44, and noise is prevented
effectively. In particular, even at the tip end side ofthe stopper
rubber 72 which easily separates from the inner bracket 44,
the urging force based on the elasticity of the stopper rubber
72 is exhibited effectively. Thus, the stopper rubber 72 is more
stably held in a state abutting the inner bracket 44, and noise
is advantageously prevented.

[0073] Above, we gave a detailed description of embodi-
ments of the present invention, but the present invention is not
limited to those specific notations. For example, by providing
dents and bumps, waveforms or the like partly on the surface
of the stopper rubber, it is possible to improve the buffering
action with the bound stopper.

[0074] Furthermore, the thickness of the stopper rubber can
also change in the projecting direction gradually or in stages,
and also partially, and the top surface and bottom surface of
the stopper rubber do not absolutely have to extend at the
same incline angle as each other. In specific terms, for
example, by having the stopper rubber become gradually
thicker walled as it goes to the base end side, it is possible to
have the stopper rubber pressed against the inner bracket with
greater urging force using the elasticity of the base end part of
the stopper rubber.

[0075] Also, for example, it is possible to use a constitution
whereby the stopper rubber extends with an incline in the
direction roughly orthogonal to the mount center axis or to the
outer circumference side of the fitting tube part as it goes to
the projection tip end side, and the abutting surface against the
stopper rubber with the inner bracket is an inclined surface
that inclines downward in relation to the direction orthogonal
to the mount center axis as it goes to the projection tip end side
of the stopper rubber. In this case, by mounting the inner
bracket on the first mounting member, the tip end side of the
stopper rubber abuts the inner bracket and is pressed down-
ward, so the stopper rubber abuts the inner bracket in an urged
state and is overlapped. In other words, the stopper rubber is
not necessarily limited to a shape with which it is inclined to
the inner circumference side of the fitting tube part, and as
long as the stopper rubber abuts the inner bracket, which is
mounted on the first mounting member, in an urged state, any
form can be used.

[0076] Also, the top surface of the stopper rubber can be
roughly the same planar surface in relation to the surface of
the covering rubber that covers the lower wall part top surface
of the fitting tube part, or can extend so as to be positioned
above that, and can be set freely according to the inner bracket
form.

[0077] Also,the stopper rubber and the covering rubber can
be formed as separate units from the main rubber elastic body.
Furthermore, the stopper rubber is not necessarily limited to
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being an item formed of a rubber only as shown with the
embodiments noted above, and for example it is also possible
to have an elastic member formed from metal, resin, or rubber
of a different elasticity or the like be adhered to the interior or
the surface. In this case, in a state with the inner bracket
mounted on the first mounting member, in addition to the
urging force by the elasticity of the stopper rubber itself, by
the urging force by the elasticity of the elastic member acting,
abutting of the stopper rubber on the inner bracket in an urged
state is more advantageously realized.

[0078] Also, with the preceding embodiments, as an
example ofthe vibration damping device of the present inven-
tion, a so-called solid type engine mount was shown, but for
example it is also possible to apply the present invention to a
fluid-filled vibration damping device that includes a fluid
chamber inside of which non-compressible fluid is sealed,
and uses the vibration damping effect based on the fluid flow
action or the like, as well as to a fluid-filled vibration damping
device of an active type or characteristic switching type which
are one type of fluid-filled vibration damping devices, or the
like.

[0079] The application range of the present invention is not
limited to an engine mount, and can also be applied to a sub
frame mount, a body mount, a differential mount or the like,
for example. Furthermore, the present invention is not an item
applied only to the vibration damping device of an automo-
bile, but can also be suitably applied to vibration damping
devices used with motorcycles, railroad cars, industrial
vehicles or the like.

What is claimed is:

1. A vibration damping device comprising:

a first mounting member including a fitting tube part open-
ing to a side for fitting and mounting of an inner bracket;

a second mounting member;

a main rubber elastic body elastically connecting the first
and second mounting members; and

a stopper rubber provided on a portion of a circumference
of the fitting tube part while projecting to the side from
an opening end surface of the fitting tube part, the stop-
per rubber being configured to overlap the inner bracket,
wherein

the stopper rubber is configured to be elastically deformed
by fitting and mounting of the inner bracket into the
fitting tube part so as to abut and overlap the inner
bracket in a state urged by an elasticity of the stopper
rubber itself.

2. The vibration damping device according to claim 1,
wherein an overlapping surface of the stopper rubber to over-
lap the inner bracket is inclined relative to an overlapping
surface of the inner bracket to overlap the stopper rubber.

3. The vibration damping device according to claim 2,
wherein the stopper rubber is inclined to an inner circumfer-
ence side of the fitting tube part as it goes to a projection tip
end side of the stopper rubber.

4. The vibration damping device according to claim 3,
wherein an incline angle of an inclined part of the stopper
rubber to the inner circumference side of the fitting tube part
is fixed.

5. The vibration damping device according to claim 3,
wherein an incline angle of an inclined part of the stopper
rubber to the inner circumference side of the fitting tube part
becomes larger as it goes to the projection tip end side.
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6. The vibration damping device according to claim 1,
wherein the stopper rubber has a plate shape that extends in a
circumference direction of the fitting tube part.

7. The vibration damping device according to claim 1,
wherein the stopper rubber includes support recesses formed
on both widthwise end parts of its projection base end part
while opening to an outer circumference side of the fitting
tube part, and the fitting tube part is exposed to the outer
circumference side at the support recesses.

8. The vibration damping device according to claim 1,
wherein

the fitting tube part is covered by a covering rubber includ-

ing an end surface covering part that covers an axially
end surface of the fitting tube part,
the stopper rubber is integrally formed with the end surface
covering part and projects axially outward therefrom,

an overlapping surface of the stopper rubber to overlap the
inner bracketincludes a base end edge, the base end edge
being positioned on the axially end surface of the fitting
tube part,

the end surface covering part further to the inner circum-

ference side than the base end edge includes an inclined
end surface inclined axially inward facing the inner cir-
cumference side, and

the inclined end surface is configured to be pressed by the

inner bracket in a fitting direction.
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9. The vibration damping device according to claim 1,

wherein

the stopper rubber is integrally formed with the main rub-
ber elastic body,

the stopper rubber includes a deformation allowance
groove formed at its projection base end part, the defor-
mation allowance groove extending in a width direction
while opening onto a surface reverse to an overlapping
surface to overlap the inner bracket,

a groove internal surface of the deformation allowance
groove has a smooth curved shape in a groove width
direction, and

an opening part of the deformation allowance groove is
smoothly continuous with each surface of the stopper
rubber and the main rubber elastic body.

10. The vibration damping device according to claim 1,

wherein

the first mounting member is arranged at one opening side
of the second mounting member having a tube shape,
and

a bound stopper is constituted that restricts relative
approaching displacement volume of the first mounting
member and the second mounting member by abutting
of the inner bracket fit in the fitting tube part of the first
mounting member and a second mounting member side
via the stopper rubber.
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