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(54) Elastic sheet and suspension apparatus

(57) An elastic sheet includes: a seating portion by
which the coil spring is supported and which has a circular
arc shape in a view from the axial direction, one circum-
ferential side of the seating portion being a side of entry
of the coil spring; and a pair of sidewall portions extending
from respective width-wise opposite ends of the seating
portion toward the coil spring side, at least one of the
sidewall portions has a wire contact surface that contacts
a wire forming the coil spring and an inclined surface
inclined so as to approach the spring bearing as the in-
clined surface extends widthwise outward from the wire
contact surface, and a radius of curvature of the wire
contact surface at least at a side closest to the inclined
surface is smaller than a radius of the wire.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an elastic sheet
and a suspension apparatus.

2. Description of the Background Art

[0002] Japanese Patent Application Laid-open No.
2012-219825 (FIG. 3) describes, as shown in FIG. 21, a
conventional technique for a vehicle suspension appa-
ratus 500 in which a rubber sheet 530 is provided be-
tween a coil spring 522 extending in an up-down direction
and a spring bearing 525 fixed to a hydraulic shock ab-
sorber 521 to prevent noise between the coil spring 522
and the spring bearing 525.
[0003] However, according to Japanese Patent Appli-
cation Laid-open No. 2012-219825 (FIG. 3), the coil
spring 522 is fitted into a semicircular spring groove 532b
formed at an upper surface of the rubber sheet 530. Thus,
when the coil spring 522 recovers from a deformed state
after compression, a gap may be formed between the
coil spring 522 and the spring groove 532b, and mud,
sand, or the like may enter the gap. Then, when the coil
spring 522 is repeatedly extended and compressed with
the mud, sand, or the like in the gap, the rubber sheet
530 may be damaged or the coil spring 522 may have
its coating chipped or be broken.
[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2012-219825 (FIG. 3)

SUMMARY OF THE INVENTION

[0005] Thus, an object of the present invention is to
provide an elastic sheet that can prevent the coil spring
from, for example, having its coating chipped or being
broken as a result of the entry of mud, sand, or the like,
and a suspension apparatus with the elastic sheet.
[0006] To achieve this object, an aspect of the present
invention provides an elastic sheet interposed between
a coil spring that is provided in a suspension apparatus
and that extends in an axial direction of the suspension
apparatus and a spring bearing that supports the coil
spring, this elastic sheet including: a seating portion by
which the coil spring is supported and which has a circular
arc shape in a view from the axial direction, one circum-
ferential side of the seating portion being a side of entry
of the coil spring; and a pair of sidewall portions extending
from respective width-wise opposite ends of the seating
portion toward the coil spring side, wherein at least one
of the sidewall portions has a wire contact surface that
contacts a wire forming the coil spring and an inclined
surface that is inclined so as to approach the spring bear-
ing as the inclined surface extends widthwise outward
from the wire contact surface, and a radius of curvature

of the wire contact surface at least at a side closest to
the inclined surface is smaller than a radius of the wire.
[0007] According to such a configuration, at least one
sidewall portion of the pair of sidewall portions extending
from the respective width-wise opposite ends of the seat-
ing portion toward the coil spring side includes the wire
contact surface that contacts the wire forming the coil
spring, and the radius of curvature of the wire contact
surface at least at a side closest to the inclined surface
is smaller than the radius of the wire. Therefore, the at
least one sidewall portion tightens the wire. Thus, the
sidewall portion and the wire come into tight contact with
each other so that a gap is unlikely to be formed between
the sidewall portion and the wire and thus mud, sand, or
the like is unlikely to flow in between the coil spring and
the elastic sheet.
[0008] Furthermore, at least one of the sidewall por-
tions includes the inclined surface inclined so as to ap-
proach the spring bearing as the inclined surface extends
widthwise outward from the wire contact surface. There-
fore, mud, sand, or the like attached to the elastic sheet
slides down widthwise outward along the inclined sur-
face.
[0009] A combination of these effects prevents mud,
sand, or the like from flowing in between the sidewall
portion and the wire and causes the mud, sand, or the
like to slide off from the elastic sheet. As a result, the
elastic sheet according to the aspect of the present in-
vention can prevent the coil spring from, for example,
having its coating chipped or being broken.
[0010] Furthermore, in the elastic sheet, a protruding
portion protruding toward the wire is preferably formed
on a coil spring entry side of a groove surface of the
elastic sheet which contacts the coil spring.
[0011] According to such a configuration, the protrud-
ing portion formed on the coil spring entry side of the
groove surface so as to protrude toward the wire contacts
the wire. This further prevents a gap from being formed
between the groove surface and the wire on the coil
spring entry side, thus allowing the coil spring to be pre-
vented from, for example, having its coating chipped or
broken.
[0012] Furthermore, the elastic sheet preferably in-
cludes a collapsing margin that is formed on the spring
bearing side and that, when collapsed, generates a tight-
ening force that tightens one of the sidewall portions
against the wire.
[0013] According to such a configuration, when the
elastic sheet is assembled on the spring bearing, the col-
lapsing margin formed on the spring bearing side of the
elastic sheet is collapsed to generate the tightening force
that tightens one of the sidewall portions against the wire.
This brings the sidewall portion into tight contact with the
wire to further prevent a gap from being formed between
the sidewall portion and the wire. As a result, the config-
uration can prevent the coil spring from, for example,
having its coating chipped or being broken.
[0014] Furthermore, in the elastic sheet, a first recess
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portion is preferably formed on an end surface of the
seating portion at the side of entry of the coil spring.
[0015] Such a configuration exerts the following effect.
When the coil spring is compressed to apply a compres-
sive load to the elastic sheet, the seating portion is de-
formed so as to extend in a circumferential direction
thereof (because the volume of the collapsed elastic
sheet escapes). However, on the coil spring entry side,
a part of the deformed seating portion escapes into the
first recess portion formed on an end surface of the seat-
ing portion at the side of entry of the coil spring. Thus,
the entry side end surface (which contacts the coil spring)
of the seating portion is prevented from being deformed
so as to protrude from an outline of the entry side end
surface, thus preventing the inflow of sand, mud, or the
like. This also enables the coil spring to be prevented
from locally exerting an excessive pressure to the seating
portion on the coil spring entry side. As a result, the seat-
ing portion and the wire can be prevented from rubbing
each other (coming in sliding contact with each other) on
the coil spring entry side. Even if, for example, sand, mud,
or the like flows in between the seating portion and the
wire, the coil spring can be prevented from, for example,
having its coating chipped or being broken.
[0016] Furthermore, in the elastic sheet, the end sur-
face of the seating portion at the side of entry of the coil
spring is preferably oblique in such a manner that the
end surface of the seating portion at the side of entry of
the coil spring at a side of the spring bearing is recessed.
[0017] According to such a configuration, at the entry
side end surface (of the elastic sheet), a spring bearing
side end (an end at a spring bearing side) is located more
inward than a coil spring side end (an end at a coil spring
side) in the circumferential direction of the elastic sheet.
Therefore, the entry side end surface (of the elastic sheet)
collapses around the spring bearing side end to make
the position of the coil spring side end of the elastic sheet
unlikely to move with respect to the coil spring. In short,
a contact portion between the elastic sheet and the coil
spring on the entry side end surface of the elastic sheet
can be made constant, facilitating prevention of possible
rubbing (sliding contact) between the elastic sheet and
the coil spring. As a result, even if, for example, sand,
mud, or the like flows in between the seating portion and
the wire, the coil spring can be prevented from, for ex-
ample, having its coating chipped or being broken.
[0018] Additionally, in the elastic sheet, a second re-
cess portion that is open toward a side of the spring bear-
ing is preferably formed on the seating portion at a side
of the spring bearing.
[0019] Such a configuration exerts the following effect.
For example, when the coil spring is compressed to apply
a compressive load to the elastic sheet, a part of the
seating portion immediately below the coil spring which
is most significantly deformed escapes into the recess
portion formed at the opposite spring bearing side sur-
face of the seating portion. Thus, the deformed seating
portion avoids coming into contact with the spring bear-

ing, allowing the elastic sheet (particularly the seating
portion) to be prevented from being damaged. Further-
more, the seating portion is prevented from extending in
a radial direction thereof, allowing the shape of the elastic
sheet to be maintained.
[0020] Moreover, for example, when the coil spring is
compressed to apply a compressive load to the elastic
sheet, then in conjunction with the escape of the part of
the seating portion into the second recess portion, the
sidewall portions are deformed toward the seating portion
and come into tight contact with the wire (of the coil
spring). This prevents sand, mud, or the like from flowing
in between the seating portion and the wire.
[0021] A combination of these effects allows the con-
figuration to prevent the elastic sheet (particularly the
seating portion) from being damaged, while preventing
the coil spring from, for example, having its coating
chipped or being broken.
[0022] Furthermore, preferably, in the elastic sheet,
the second recess portion is formed to prevent an area
of the seating portion located immediately below the wire,
which forms the coil spring, from coming into contact with
the spring bearing when the coil spring is compressed.
[0023] According to such a configuration, in addition
to when the coil spring is uncompressed to apply no com-
pressive load to the elastic sheet, even when, for exam-
ple, the coil spring is compressed to apply a compressive
load to the elastic sheet, the area located immediately
below the wire forming the coil spring is prevented from
coming into contact with the spring bearing. This allows
the area of the elastic sheet located immediately below
the wire forming the coil spring to be restrained from being
damaged. Hence, the present configuration can restrain
the elastic sheet from being broken.
[0024] Additionally, preferably, in the elastic sheet, the
second recess portion is formed to have a triangle shape
with a vertex corresponding to the area of the seating
portion located immediately below the wire, which forms
the coil spring.
[0025] In such a configuration, when, for example, the
coil spring is compressed to apply a compressive load
to the elastic sheet, central portions of two sides extend-
ing from the vertex (located immediately below the wire
forming the coil spring) and subtending an interior angle
are deformed so as to protrude toward the spring bearing.
Therefore, the area located immediately below the wire
forming the coil spring is prevented from coming into con-
tact with the spring bearing. This allows the area of the
elastic sheet located immediately below the wire forming
the coil spring to be more reliably restrained from being
damaged. Therefore, the elastic sheet can be restrained
from being broken.
[0026] Furthermore, an aspect of the present invention
provides a suspension apparatus including a hydraulic
shock absorber installed on a vehicle body side and on
a wheel side, a coil spring, a spring bearing that supports
the coil spring, and the elastic sheet interposed between
the coil spring and the spring bearing.

3 4 



EP 2 777 963 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0027] Additionally, in the suspension apparatus, the
spring bearing preferably includes a regulation portion
that regulates deformation of the sidewall portions of the
elastic sheet.
[0028] Such a configuration exerts the following effect.
For example, when the coil spring is compressed to apply
a compressive load to the elastic sheet, the load input to
the elastic sheet (particularly the seating portion (located
immediately below the coil spring)) is transmitted to the
sidewall portions of the elastic sheet to deform (extend
or compress) the sidewall portions. However, the regu-
lation portion of the spring bearing can regulate the de-
formation of the sidewall portions of the elastic sheet.
Thus, the suspension apparatus according to the aspect
of the present invention (more specifically, the elastic
sheet (installed in the suspension apparatus)) can dis-
tribute the pressure inside the elastic sheet throughout
the elastic sheet without concentrating the pressure par-
ticularly at the seating portion (located immediately below
the coil spring).
[0029] Furthermore, since the regulation portion regu-
lates the deformation of the sidewall portions (parts of
the sidewall portions which come into contact with the
regulation portion), parts of the sidewall portions which
are not in contact with the spring bearing are consequent-
ly deformed so as to come into tight contact with the coil
spring (wire) along the coil spring (wire). This prevents a
gap from being formed between the elastic sheet and the
coil spring to allow the elastic sheet to maintain the ap-
propriate contact with the coil spring. Accordingly, for ex-
ample, even if the coil spring is repeatedly expanded and
compressed, the elastic sheet can remain in tight contact
with the coil spring, reducing "changes in the pressure"
inside the elastic sheet (resulting from the repeated ex-
tension and compression of the coil spring).
[0030] A combination of these effects allows the sus-
pension apparatus according to the aspect of the present
invention to prevent the elastic sheet from being dam-
aged to maintain the shape of the elastic sheet for a long
period. As a result, sand, mud, or the like can be pre-
vented from flowing in between the elastic sheet and the
wire, thus preventing the coil spring from, for example,
having its coating chipped or being broken.
[0031] The aspects of the present invention can pro-
vide an elastic sheet that can prevent the coil spring from,
for example, having its coating chipped or being broken
as a result of the entry of mud, sand, or the like, and a
suspension apparatus with the elastic sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a vertical cross-sectional view of a suspen-
sion apparatus according to a first embodiment;
FIG. 2 is a perspective view of a rubber sheet and a
spring bearing according to the first embodiment;
FIG. 3 is a perspective view of the rubber sheet ac-

cording to the first embodiment;
FIG. 4 is a top view (plan view) of the rubber sheet
according to the first embodiment;
FIG. 5 is a bottom view of the rubber sheet according
to the first embodiment;
FIG. 6 is a right side view of the rubber sheet accord-
ing to the first embodiment;
FIG. 7 is a cross-sectional view of the rubber sheet
according to the first embodiment, corresponding to
a cross section taken along line X1-X1 in FIG. 4;
FIG. 8 is a cross-sectional view of the rubber sheet
according to the first embodiment, corresponding to
a cross section taken along line X2-X2 in FIG. 4;
FIG. 9 is a cross-sectional view of the rubber sheet
according to the first embodiment, corresponding to
a cross section taken along line X3-X3 in FIG. 4;
FIG. 10 is a cross-sectional view of the rubber sheet
according to the first embodiment not installed on a
spring bearing yet and on which a coil spring has not
been installed yet, corresponding to a cross section
taken along line X3-X3 in FIG. 4;
FIG. 11 is a cross-sectional view of the rubber sheet
according to the first embodiment, corresponding to
a cross section taken along line X4-X4 in FIG. 4;
FIG. 12 is a cross-sectional view of the rubber sheet
according to the first embodiment, corresponding to
a cross section taken along line X5-X5 in FIG. 4;
FIG. 13 is a cross-sectional view of the rubber sheet
according to the first embodiment, corresponding to
a cross section taken along line X6-X6 in FIG. 4;
FIG. 14 is a cross-sectional view of a rubber sheet
according to a variation, corresponding to a cross
section taken along line X1-X1 in FIG. 4;
FIG. 15 is a cross-sectional view of a rubber sheet
according to a variation, corresponding to a cross
section taken along line X1-X1 in FIG. 4;
FIG. 16 is a cross-sectional view of a rubber sheet
according to a variation, corresponding to a cross
section taken along line X1-X1 in FIG. 4;
FIG. 17 is a cross-sectional view of a rubber sheet
according to a variation, corresponding to a cross
section taken along line X2-X2 in FIG. 5;
FIG. 18 is a cross-sectional view of the rubber sheet
according to a second embodiment, corresponding
to a cross section taken along line X3-X3 in FIG. 4;
FIG. 19 is a cross-sectional view of the rubber sheet
according to the second embodiment not installed
on a spring bearing yet, corresponding to a cross
section taken along line X3-X3 in FIG. 4;
FIG. 20 is a cross-sectional view of the rubber sheet
according to a third embodiment, corresponding to
a cross section taken along line X3-X3 in FIG. 4;
FIG. 21 is a vertical cross-sectional view of a sus-
pension apparatus according to a conventional tech-
nique;
FIG. 22 is a drawing showing a radial cross section
of a spring bearing side recess portion according to
a first variation;
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FIG. 23 is a drawing showing the state of the rubber
sheet observed when the coil spring supported by
the rubber sheet with the spring bearing side recess
portion according to the first variation formed therein
is compressed to apply a compressive load to the
rubber sheet;
FIG. 24 is a drawing showing a radial cross section
of a spring bearing side recess portion according to
a second variation;
FIG. 25 is a drawing showing the state of the rubber
sheet observed when the coil spring supported by
the rubber sheet with the spring bearing side recess
portion according to the second variation formed
therein is compressed to apply a compressive load
to the rubber sheet; and
FIG. 26 is a drawing showing a radial cross section
of a spring bearing side recess portion according to
a third variation.

DESCRIPTION OF THE PREFERRED EMBODIMENT

«First embodiment»

[0033] A first embodiment of the present invention will
be described with reference to FIG. 1 to FIG. 13.

«Configuration of the suspension apparatus»

[0034] A configuration of a suspension apparatus 300
will be described.
[0035] As shown in FIG. 1, the suspension apparatus
300 is mounted in a four-wheel vehicle and forms a strut
suspension. The suspension apparatus 300 includes a
hydraulic shock absorber 400, a coil spring 100, a spring
bearing 200, and a rubber sheet (elastic sheet) 1.

<Hydraulic shock absorber>

[0036] The hydraulic shock absorber 400 includes a
damper case 410 forming an outer shell, a cylinder (not
shown in the drawings) coaxially provided in the damper
case 410, a piston (not shown in the drawings) that slides
through the cylinder, and a piston rod 420 fixed to the
piston and projecting upward. A lower end of the damper
case 410 is connected to an upper arm and the like via
a wheel side bracket 411. An upper end of the piston rod
420 is fixed to a vehicle body via a vehicle body side
bracket 421. A spring bearing 422 is fixed to the vehicle
body side bracket 421 to support an upper end of the coil
spring 100.

<Coil spring>

[0037] The coil spring 100 is a component externally
installed around the hydraulic shock absorber 400 and
extending in an up-down direction (axial direction). The
coil spring 100 is formed by spirally rolling a wire 101.

<Spring bearing>

[0038] The spring bearing 200 is a shallow dish-
shaped component supporting the coil spring 100 from
below, and is fixed to the damper case 410 in the first
embodiment. The spring bearing 200 has a groove 210
(recess portion) in which the rubber sheet 1 is fitted and
which is shaped like three-fifths of circle in a plan view
(see FIG. 9).
[0039] A radial cross section of the groove 210 is ap-
proximately square U-shaped. The spring bearing 200
(more specifically, the groove 210) includes a regulation
portion 212 that regulates deformation of sidewall por-
tions (a first sidewall portion 20 and a second sidewall
portion 30) of the rubber sheet 1 described below (see
FIG. 9). The rubber sheet 1 will be described below. A
radial side surface of the groove 210 according to the
first embodiment corresponds to the regulation portion
212 according to the embodiments of the present inven-
tion.
[0040] Such a configuration exerts the following effect.
For example, when the coil spring 100 is compressed to
apply a compressive load to the rubber sheet 1, the load
input to the rubber sheet 1 (particularly to a seating por-
tion 10 (located immediately below the coil spring 100))
is transmitted to the sidewall portions (the first sidewall
portion 20 and the second sidewall portion 30) of the
rubber sheet 1 to deform (extend or compress) the side-
wall portions (in a radial direction of the rubber sheet 1).
However, the regulation portion 212 of the spring bearing
200 can regulate deformation of the sidewall portions of
the rubber sheet 1. Thus, the radial deformation of the
rubber sheet 1 is regulated to allow the pressure inside
the rubber sheet 1 to be distributed throughout the rubber
sheet 1 without concentrating the pressure particularly
at the seating portion 10 (located immediately below the
coil spring 100).
[0041] Furthermore, the regulation portion 212 regu-
lates the deformation of the sidewall portions (which
come into contact with the regulation portion 212), and
as a result, parts of the rubber sheet 1 which are not in
contact with the spring bearing 200 is deformed so as to
come into tight contact with the coil spring 100 (wire 101)
along the coil spring 100 (in an axial direction of the rubber
sheet 1). This prevents a gap from being formed between
the rubber sheet 1 and the coil spring 100 to allow the
rubber sheet 1 to maintain the appropriate contact with
the coil spring 100. Accordingly, for example, even if the
coil spring 100 is repeatedly expanded and compressed,
the rubber sheet 1 can remain in tight contact with the
coil spring 100, reducing "changes in the pressure" inside
the rubber sheet 1 (resulting from the repeated extension
and compression of the coil spring 100).
[0042] A combination of these effects allows the sus-
pension apparatus 300 according to the embodiments of
the present invention to prevent the rubber sheet 1 from
being damaged and to maintain the shape of the rubber
sheet 1 for long period. As a result, the rubber sheet 1
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can prevent sand, mud, or the like from flowing in be-
tween the rubber sheet 1 and the wire 101, thus prevent-
ing the coil spring 100 from, example, having its coating
chipped or being broken.
[0043] The width W210 of the groove 210 is formed to
be slightly smaller than the width W1 of the rubber sheet
1 that has not been mounted yet (W210 < W1). This al-
lows sand, mud, or the like to be prevented from flowing
into the groove 210 through between the rubber sheet 1
and the spring bearing 200. However, the width W210 of
the groove 210 can be freely changed as appropriate.
[0044] A part of a bottom surface of the groove 210 on
which an increased thick portion 16 described below is
fitted includes a slope-shaped positioning portion 211
with a depth gradually increasing toward a second side
(the side opposite to the entry side) (see FIG. 12). That
is, the positioning portion 211 is formed by further recess-
ing the groove 210 downward.

<Rubber sheet>

[0045] The rubber sheet 1 will be described with refer-
ence to FIG. 2 to FIG. 13.
[0046] The rubber sheet 1 is a rubber component in-
terposed between the coil spring 100 and the spring bear-
ing 200. The rubber sheet 1 is shaped like about three-
fifths of circle in a radial view (see FIG. 4) and is shaped
like an approximately U-shaped in a vertical cross-sec-
tional view (see FIG. 9). The rubber sheet 1 includes a
seating portion 10, a first sidewall portion 20 (one sidewall
portion of a pair of sidewall portions), and a second side-
wall portion 30 (the other sidewall portion of the pair of
sidewall portions).
[0047] The seating portion 10, the first sidewall portion
20, and the second sidewall portion 30 will be described
in brief.
[0048] As shown in FIG. 9 and FIG. 10, the following
radii are all the same and are set to be smaller than the
radius R101 of the wire 101 in a radial cross-sectional
view in the sole use of the rubber sheet 1 (which has not
been attached to the spring bearing 200 and to which the
coil spring 100 has not been attached): the radius of cur-
vature R11 of an upper surface 11 of the seating portion
10, the radius of curvature R21 of a first inner side surface
21 (wire contact surface) of the first sidewall portion 20,
and the radius of curvature R31 of a second inner side
surface 31 (wire contact surface) of the second sidewall
portion 30. Thus, after mounting of the coil spring 100, a
gap is unlikely to be formed between the first inner side
surface 21 and the second inner side surface 31 and the
wire 101.
[0049] Furthermore, a first upper surface 23 (inclined
surface) of the first sidewall portion 20 and a second up-
per surface 33 (inclined surface) of the second sidewall
portion 30 have predetermined inclination angles (θ23
and θ33). Thus, sand, mud, or the like slides down the
upper surfaces 23 and 33 and is unlikely to be collected
thereon.

[0050] Moreover, a radial inner end of the first upper
surface 23 and a radial inner end of the second upper
surface 33 are located at lower position in the height di-
rection than the center of the wire 101. Thus, the first
sidewall portion 20 and the second sidewall portion 30
can efficiently and directly input a tightening force in the
direction of arrow A1 in FIG. 9 to the wire 101 (without
allowing the force to escape upward along an outer pe-
riphery of the wire 101), and come into tight contact with
the wire 101.
[0051] The seating portion 10, the first sidewall portion
20, and the second sidewall portion 30 will be described
below.
[0052] However, the peripheral length of the rubber
sheet 1 is changed in association with the spiral diameter
of the coil spring 100 and as appropriate within the range
from one-third of circle to one-fifth of circle.

<Rubber sheet-seating portion>

[0053] The seating portion 10 is a portion by which the
coil spring 100 is supported and appears to have about
three-fifths of circle in a plane view (in an axial view) of
the seating portion 10. One circumferential side of the
seating portion 10 corresponds to an entry side of the
coil spring 100. Hence, when the coil spring 100 is com-
pressed, a compressive load acting on the seating por-
tion 10 is maximized on a first side (entry side). Repeated
compression and extension of the coil spring 100 increas-
es the range of variation in an axial (up-down direction)
load acting on the seating portion 10. On the other hand,
the other circumferential side of the seating portion 10 is
a leading end side of the coil spring 100 and contacts a
terminal 102 side of the wire 101 (see FIG. 2).
[0054] The upper surface 11 of the seating portion 10
is shaped like a circular arc in a radial cross-sectional
view (see FIG. 9). The radius of curvature R11 of the
upper surface 11 is smaller than the radius R101 1 of the
wire 101. About quarter part of the first side (the entry
side) of the seating portion 10 is gradually thicker toward
an entry side end surface 12. The upper surface 11 forms
a slope surface rising toward the first side (entry side)
(see FIG. 3 and FIG. 6). Thus, the seating portion 10 is
gradually thicker toward the first side (entry side) and is
very thick and thus has an improved durability.
[0055] The seating portion 10 includes an end wall por-
tion 17 formed on the second side (terminal side) (see
FIG. 12) and protruding upward from the upper surface
11. The terminal 102 (lower side leading end) of the wire
101 come into abutting contact with the end wall portion
17 to position the rubber sheet 1 and the coil spring 100
in the circumferential direction thereof.

<Rubber sheet - first sidewall portion>

[0056] The first sidewall portion 20 extends upward (to-
ward the coil spring 100) from a radially (widthwise) inner
side of the seating portion 10 (see FIG. 9). In a radial
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cross-sectional view, a first inner side surface 21 that is
a wire 101 side surface of the first sidewall portion 20 is
a wire contact surface shaped like a circular arc and
which contact the wire 101. Before the wire 101 is mount-
ed, the radius of curvature R21 of the first inner side sur-
face 21 is smaller than the radius R101 of the wire 101.
This prevents a gap from being formed between the first
inner side surface 21 and the wire 101, thus preventing
sand, mud, or the like from flowing into the first sidewall
portion 20 through between the first inner side surface
21 and the wire 101.
[0057] The first upper surface 23 (coil spring 100 side
surface) of the first sidewall portion 20 is an inclined sur-
face inclined such that a widthwise outer side of the first
upper surface 23 is closer to the spring bearing 200 side.
That is, the first upper surface 23 is an inclined surface
inclined such that the first upper surface 23 is closer to
the spring bearing 200 as the first upper surface 23 ex-
tends radially outward from the first inner side surface 21
(wire contact surface). The "widthwise outer side" as
used herein refers to the radially inner side. Thus, mud,
sand, or the like on the first upper surface 23 slides down
the first upper surface 23 radially outward, and is unlikely
to be collected on the first upper surface 23.

<Rubber sheet - second sidewall portion>

[0058] The second sidewall portion 30 extends upward
(toward the coil spring 100 side) from a radially (width-
wise) outer side of the seating portion 10 (see FIG. 9).
In a radial cross-sectional view, a second inner side sur-
face 31 that is a wire 101 side surface of the second
sidewall portion 30 is a wire contact surface shaped like
a circular arc and which contact the wire 101. Before
mounting of the wire 101, the radius of curvature R31 of
the second inner side surface 31 is smaller than the ra-
dius R101 1 of the wire 101. This prevents a gap from
being formed between the second inner side surface 31
and the wire 101, thus preventing sand, mud, or the like
from flowing into the second sidewall portion 30 through
between the second inner side surface 31 and the wire
101.
[0059] The second upper surface 33 (coil spring 100
side surface) of the second sidewall portion 30 is an in-
clined surface inclined such that a widthwise outer side
of the second upper surface 33 is closer to the spring
bearing 200 side. The "widthwise outer side" as used
herein refers to the radially outer side. Thus, mud, sand,
or the like on the second upper surface 33 slides down
the second upper surface 33 radially outward, and is thus
unlikely to be collected on the second upper surface 33.
[0060] At least one of the radius of curvature R21 of
the first inner side surface 21 of the first sidewall portion
20 at an opening side (at a side closest to the first upper
surface 23) and the radius of curvature R31 of the second
inner side surface 31 of the second sidewall portion 30
at an opening side (at a side closest to the second upper
surface 33) should be smaller than the radius R101 of

the wire 101. That is, the radius of curvature R21 of the
first inner side surface 21 of the first sidewall portion 20
and the radius of curvature R31 of the second inner side
surface 31 of the second sidewall portion 30 may be partly
larger or smaller. For example, the radius of curvature
R21 of the entire first inner side surface 21 may be re-
duced or the radius of curvature exclusively of the upper
portion (opening side portion) of the first inner side sur-
face 21 may be reduced.
[0061] Furthermore, a lip (projection) extending cir-
cumferentially along the wire 101 may be formed on the
first inner side surface 21 and the second inner side sur-
face 31 to prevent sand, mud, or the like from flowing in
between the wire 101 and the rubber sheet 1.
[0062] Moreover, the inclination angle θ23 of the first
upper surface 23 and the inclination angle θ33 of the
second upper surface 33 may be large and steep angles
or may be small and gentle angles (see FIG. 9). For ex-
ample, the inclination angle θ23 may be increased to pre-
vent sand, mud, or the like from being collected.

<First collapsing margin and second collapsing margin>

[0063] Furthermore, before mounting, the rubber sheet
1 includes a first collapsing margin 24 in a radially inner
side portion of the first sidewall portion 20 and a second
collapsing margin 34 in a radially outer side portion of
the second sidewall portion 30 (see FIG. 10). The first
collapsing margin 24 and the second collapsing margin
34 are formed on a spring bearing 200 side of the rubber
sheet 1, and when collapsed, generates a tightening
force that tightens the first sidewall portion 20 and the
second sidewall portion 30 against the wire 101. That is,
the first collapsing margin 24 and the second collapsing
margin 34 mean parts of a solid portion of the rubber
sheet 1 which are collapsed when the rubber sheet 1 is
installed onto the spring bearing 200 and the weight of
the coil spring 100 or the like acts on the first collapsing
margin 24 and the second collapsing margin 34. The first
collapsing margin 24 and the second collapsing margin
34 also mean parts of a solid portion of the rubber sheet
1 which interfere with the spring bearing 200.
[0064] With the above-described first collapsing mar-
gin 24 and second collapsing margin 34 provided to the
rubber sheet 1, when the rubber sheet 1 is fitted into the
spring bearing 200, the first collapsing margin 24 and the
second collapsing margin 34 collapse to tighten the first
sidewall portion 20 and the second sidewall portion 30
(more specially, a force in the direction of arrow A1 is
exerted on the first sidewall portion 20 and the second
sidewall portion 30) to bring the first sidewall portion 20
and the second sidewall portion 30 into tight contact with
the wire 101 (see arrow A1 in FIG. 9).
[0065] In other words, a load (the weight of the coil
spring 100 or the like) is continuously imposed on the
rubber sheet 1 after the rubber sheet 1 is preset in the
spring bearing 200 (after the suspension apparatus 300
is assembled on the vehicle), so that a force in the direc-
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tion of arrow A1 can be exerted, bringing the first inner
side surface 21 and the second inner side surface 31 into
tight contact with the wire 101. This prevents sand, mud,
or the like from flowing in between the rubber sheet 1
and the wire 101.
[0066] Furthermore, before mounting, the height H1
over which the rubber sheet 1 is fitted into the spring
bearing 200 is set to be shorter than the depth H210 of
the groove 210 in the spring bearing 200 (see FIG. 10).
Thus, when the rubber sheet 1 is mounted onto the spring
bearing 200, the rubber sheet 1 is elastically deformed,
while coming into tight contact with the spring bearing
200. This prevents a gap from being formed between the
rubber sheet 1 and the spring bearing 200 (see FIG. 9),
thus preventing mud, sand, or the like from flowing in
through a position where the rubber sheet 1 and the
spring bearing 200 contact each other.

<Rubber sheet - lip>

[0067] As shown in FIG. 9, in a radial cross-sectional
view, a groove surface 41 of the rubber sheet 1 which
contacts the coil spring 100 includes the upper surface
11 of the seating portion 10, the first inner side surface
21, the second inner side surface 31, and is shaped like
a half circular arc (about half of circle). As shown in FIG.
4, the groove surface 41 extends circumferentially all
over the rubber sheet 1 and includes a lip 42 (protruding
portion; see FIG. 3, FIG. 4, and FIG. 7) formed on the
first side (entry side) of the groove surface 41 and pro-
jecting toward the wire 101 (upward).
[0068] The lip 42 is formed radially all over the groove
surface 41. The lip 42 is shaped like a crescent in a cir-
cumferential view, and the amount by which the lip 42
projects is largest at the center (radial center) of the
groove surface 41 and decreases radially inward or out-
ward from the center (see FIG. 8). In other words, the lip
42 projects most significantly toward the wire 101 (coil
spring 100) at the center thereof.
[0069] Thus, the lip 42 is elastically deformed, while
coming into contact with the wire 101. Consequently,
even when repeated compression and extension of the
coil spring 100 causes a load to be repeatedly imposed
and released from between the coil spring 100 and the
rubber sheet 1, the lip 42 is likely to remain contact with
the wire 101. This further prevents a gap from being
formed between the groove surface 41 and the wire 101
on the entry side. As a result, sand, mud, or the like is
unlikely to flow in between the wire 101 and the rubber
sheet 1 from the entry side of the rubber sheet 1.

<Rubber sheet - entry side end surface and entry side 
recess portion>

[0070] As shown in FIG. 7, the entry side end surface
12 of the seating portion 10 is oblique so that the spring
bearing 200 side is recessed in the circumferential direc-
tion of the seating portion 10. Thus, in a circumferential

cross-sectional view, an escape space 12a shaped like
a right triangle and into which the seating portion 10 es-
capes (into which some parts of the seating portion 10
move) during deformation is formed below the entry side
end surface 12.
[0071] At the entry side end surface 12, an entry side
recess portion 13 (first hollow portion or first recess por-
tion) is formed. The circumferential depth of the entry
side recess portion 13 gradually increases upward.
[0072] With the entry side recess portion 13 formed,
the following effect is exerted. If the coil spring 100 is
compressed to apply a compressive load to the rubber
sheet 1, the seating portion 10 is deformed so as to ex-
tend in the circumferential direction thereof (due to the
escape of the volume of the collapsed rubber sheet 1).
However, at the entry side of the coil spring 100, the
deformed seating portion 10 partly escapes into the entry
side recess portion 13 (first recess portion) formed at the
entry side end surface 12 of the coil spring 100 of the
seating portion 10.
[0073] This precludes the entry side end surface 12
(which contacts the coil spring) from projecting beyond
the entry side end surface 12, allowing the entry of sand,
mud, or the like to be prevented. In addition, at the entry
side of the coil spring 100, an excessive pressure from
the coil spring 100 can be prevented from being locally
applied. As a result, at the entry side of the coil spring
100, the seating portion 10 and the wire 101 can be pre-
vented from rubbing each other (from coming into sliding
contact with each other). Thus, even if sand, mud, or the
like flows in between the seating portion 10 and the wire
101, the coil spring 100 can be prevented from, for ex-
ample, having its coating chipped or being broken.
[0074] Moreover, in the rubber sheet 1, the entry side
end surface 12 of the coil spring 100 of the seating portion
10 is oblique so that the spring bearing 200 side of the
rubber sheet 1 is recessed, according to the present em-
bodiment.
[0075] Thus, at the entry side end surface 12 (of the
rubber sheet 1), a spring bearing 200 side end portion of
the rubber sheet 1 is located circumferentially inward (the
opposite side to the entry side) of a coil spring 100 side
end of the rubber sheet 1. This makes a situation unlikely
to occur in which the entry side end surface 12 (of the
rubber sheet 1) collapses around the spring bearing 200
side end portion, displacing the position of the coil spring
100 side end portion relative to the coil spring 100. In
short, the contact portion between the rubber sheet 1 and
the coil spring 100 at the entry side end surface 12 of the
rubber sheet 1 can be made constant, facilitating preven-
tion of possible rubbing (sliding contact) between the rub-
ber sheet 1 and the coil spring 100.
[0076] Thus, even if, for example, sand, mud, or the
like flows in between the seating portion 10 and the wire
101, the coil spring 100 can be prevented from, for ex-
ample, having its coating chipped or being broken.
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<Rubber seat - spring bearing recess portion>

[0077] The seating portion 10 includes a spring bearing
side recess portion 15 (second hollow portion or second
recess portion) formed on a back surface 14 thereof
(spring bearing 200 side surface) and which is open to-
ward the spring bearing 200 side and which extends in
the circumferential direction of the spring bearing 200
(see FIG. 5 and FIG. 7).
[0078] According to such a configuration, when, for ex-
ample, the coil spring 100 is compressed to apply a com-
pressive load to the rubber sheet 1, a part of the seating
portion 10 located immediately below the coil spring 100
and most significantly deformed escapes into the spring
bearing side recess portion 15 formed at the opposite
back surface 14 (spring bearing side surface) of the seat-
ing portion 10. This prevents the deformed seating por-
tion 10 from coming into contact with the spring bearing
200, thus allowing the rubber sheet 1 (particularly the
seating portion 10) to be prevented from being damaged.
Furthermore, the seating portion 10 is prevented from
extending in the radial direction thereof, allowing the
shape of the rubber sheet 1 to be maintained.
[0079] Moreover, in conjunction with the escape of the
seating portion 10 into the spring bearing side recess
portion 15 (second recess portion), the sidewall portions
(first sidewall portion 20 and second sidewall portion 30)
are deformed toward the seating portion 10 and comes
into tight contact with the wire 101 (of the coil spring 100).
This prevents sand, mud, or the like from flowing in be-
tween the seating portion 10 and the wire 101.
[0080] A combination of these effects allows the
present configuration to prevent the rubber sheet 1 (par-
ticularly the seating portion 10) from being damaged,
while preventing the coil spring 100 from, for example,
having its coating chipped or being broken.
[0081] The spring bearing side recess portion 15 is
shaped like a rectangular in a radial cross-sectional view
(see FIG. 8). Alternatively, the spring bearing side recess
portion 15 may be shaped like a semicircle. Alternatively,
as shown in FIG. 17, the spring bearing side recess por-
tion 15 may be formed such that the size of the spring
bearing side recess portion 15 increases upward relative
to the opening width.
[0082] The circumferential length of the spring bearing
side recess portion 15 corresponds to the length of a
thick portion of the first side (entry side) of the seating
portion 10. The spring bearing side recess portion 15 is
shaped like a slope which is deepest on the entry side
thereof likely to be subjected to a compressive load dur-
ing compression and which is gradually shallower away
from the entry side thereof, so that the thickness of the
rubber portion constituting the seating portion 10 is con-
stant. However, the depth of the spring bearing side re-
cess portion 15 may be constant in the circumferential
direction of the spring bearing side recess portion 15.
[0083] Thus, when the coil spring 100 is compressed
to apply a compressive load to the rubber sheet 1, a part

of the seating portion 10 escapes into the spring bearing
side recess portion 15. Therefore, the deformed seating
portion 10 and the wire 101 are unlikely to come into
sliding contact with each other, preventing the seating
portion 10 from being damaged and restraining a gap
from being formed between the seating portion 10 and
the wire 101.
[0084] Alternatively, the spring bearing side recess
portion 15 may include a rib (not shown in the drawings)
formed at a circumferentially intermediate position there-
of and extending in the circumferential direction thereof
to abut against the spring bearing 200. This may increase
the strength of the seating portion 10 at the entry side,
while allowing the rubber to escape when a compressive
load is applied to the rubber sheet 1.

<Rubber sheet - thick portion>

[0085] The seating portion 10 includes a thick portion
16 formed at the second side (terminal side; the side
opposite to the entry side) and which is thick toward the
spring bearing 200 (see FIG. 12). Thus, the seating por-
tion 10 has an increased durability on the second side
and can thus maintain the shape of the rubber sheet 1.
On the other hand, the spring bearing 200 includes a
positioning portion 211 formed thereon and to which the
thick potion 16 is fitted.

<Rubber sheet - first slip-off prevention portion and sec-
ond slip-off prevention portion>

[0086] The rubber sheet 1 includes a first slip-off pre-
vention portion 50 and a second slip-off prevention por-
tion 60. The first slip-off prevention portion 50 and the
second slip-off prevention portion 60 prevent the rubber
sheet 1 from slipping off from the coil spring 100 after the
rubber sheet 1 is mounted to the coil spring 100. The first
slip-off prevention portion 50 is disposed at a circumfer-
entially intermediate position of the rubber sheet 1. The
second slip-off prevention portion 60 is disposed at the
second side (terminal side) of the rubber sheet 1.
[0087] As shown in FIG. 11, the first slip-off prevention
portion 50 includes a first A slip-off prevention piece 51
projecting upward from the first sidewall portion 20 and
extending radially outward so as to surround the wire 101
and a first B slip-off prevention piece 52 projecting up-
ward from the second sidewall portion 30 and extending
radially inward so as to surround the wire 101.
[0088] A protruding portion 53 projecting toward the
spring bearing 200 side and extending slightly in the cir-
cumferential direction is formed below the first B slip-off
prevention piece 52 (see FIG. 6 and FIG. 11). A protrud-
ing portion 53 is inserted into a positioning hole 220 of
the spring bearing 200 to position the rubber sheet 1 and
the spring bearing 200 in the circumferential direction.
[0089] As shown in FIG. 13, the second slip-off pre-
vention portion 60 includes a second A slip-off prevention
piece 61 projecting upward from the first sidewall portion
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20 and extending radially outward so as to surround the
wire 101 and a second B slip-off prevention piece 62
projecting upward from the second sidewall portion 30
and extending radially inward so as to surround the wire
101.
[0090] As shown in FIG. 13, the second slip-off pre-
vention portion 60 has an upper opening through which
the terminal 102 of the coil spring 100 can be easily in-
serted. Thus, the terminal 102 can be easily installed
(mounted), and the assembled coil spring 100 is held.

«Effects of the rubber sheet»

[0091] The effects of the rubber sheet 1 will be de-
scribed.
[0092] The radius of curvature R21 of the first inner
side surface 21 of the first sidewall portion 20 and the
radius of curvature R31 of the second inner side surface
31 of the second sidewall portion 30 are both smaller
than the radius R101 of the wire 101 (see FIG. 9). Thus,
the first sidewall portion 20 and the second sidewall por-
tion 30 tighten the wire 101 (see arrow A1 in FIG. 9). This
brings the first sidewall portion 20 and the second side-
wall portion 30 into tight contact with the wire 101, pre-
venting a gap from being formed between the wire 101
and each of the first sidewall portion 20 and the second
sidewall portion 30. Thus, mud, sand, or the like is unlikely
to flow in between the wire 101 and each of the first side-
wall portion 20 and the second sidewall portion 30, thus
allowing the coil spring 100 to be prevented from, for
example, having its coating chipped or being broken.
[0093] Furthermore, the first upper surface 23 of the
first sidewall portion 20 is inclined such that the radially
inner side of the first upper surface 23 approaches the
spring bearing 200. Thus, mud, sand, or the like slides
down the first upper surface 23 radially outward. This
prevents mud, sand, or the like from flowing in between
the first sidewall portion 20 and the wire 101.
[0094] Similarly, the second upper surface 33 of the
second sidewall portion 30 is inclined such that the radi-
ally outer side of the second upper surface 33 approach-
es the spring bearing 200. Thus, mud, sand, or the like
slides down the second upper surface 33 radially out-
ward. This prevents mud, sand, or the like from flowing
in between the second sidewall portion 30 and the wire
101.
[0095] Moreover, the rubber sheet 1 includes the seat-
ing portion 10 and the first sidewall portion 20 and the
second sidewall portion 30 (what is called an upper open-
ing structure) and does not include a cylindrical holding
portion through which the wire 101 (coil spring 100) is
inserted. This allows the rubber sheet 1 and the coil
spring 100 to be easily assembled together.
[0096] More specifically, for example, the rubber sheet
1 and the coil spring 100 assembled together (an assem-
bly of the coil spring 100 and the rubber sheet 1) can be
assembled onto the spring bearing 200, as described
below. In short, the suspension apparatus 300 can be

partly and easily assembled, resulting in enhanced as-
sembly performance.

«Method for assembling the rubber sheet»

[0097] Now, a method for assembling the rubber sheet
1 will be described.

<Assembly with the coil spring>

[0098] First, the rubber sheet 1 and the coil spring 100
are assembled together.
[0099] Specifically, the terminal 102 of the coil spring
100 and the end wall portion 17 of the rubber sheet 1 are
aligned together, and then the coil spring 100 is pushed
into the rubber sheet 1. This elastically deforms the first
A slip-off prevention piece 51 and first B slip-off preven-
tion piece 52 of the first slip-off prevention portion 50 and
the second A slip-off prevention piece 61 and second B
slip-off prevention piece 62 of the second slip-off preven-
tion portion 60 to fit the wire 101 between the first A slip-
off prevention piece 51 and the first B slip-off prevention
piece 52 and between second A slip-off prevention piece
61 and the second B slip-off prevention piece 62. The
wire 101 is thus seated at (supported by) the seating
portion 10.
[0100] Simultaneously with the seating, the wire 101
comes into contact with the groove surface 41 (the upper
surface 11, the first inner side surface 21, and the second
inner side surface 31). Subsequently, the first A slip-off
prevention piece 51 and the first B slip-off prevention
piece 52 are locked on the upper surface of the wire 101
(see FIG. 11), and the second A slip-off prevention piece
61 and the second B slip-off prevention piece 62 are also
locked on the upper surface of the wire 101 (FIG. 13).
This prevents the rubber sheet 1 from slipping out from
the coil spring 100 after the rubber sheet 1 is installed
over the coil spring 100.

<Assembly with the spring bearing>

[0101] Second, the rubber sheet 1 and the spring bear-
ing 200 are assembled together.
[0102] Specifically, the protruding portion 53 is aligned
with the spring bearing 200, and then, the thick portion
16 of the rubber sheet 1 and the positioning portion 211
of the spring bearing 200 are aligned with each other.
Subsequently, the rubber sheet 1 and the coil spring 100
are arranged at the spring bearing 200 side.
[0103] Then, the rubber sheet 1 is fitted into the groove
210 (see FIG. 9) of the spring bearing 200. The first col-
lapsing margin 24 and the second collapsing margin 34
(see FIG. 10) are compressed in the radial direction of
the rubber sheet 1. The first sidewall portion 20 and the
second sidewall portion 30 sandwich the wire 101 be-
tween the sidewall portions 20 and 30 while tightening
the wire 101, in the radial direction. Thus, the first sidewall
portion 20 and the second sidewall portion 30 further
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tightly contact the wire 101.

«Variation»

[0104] The embodiment of the present invention has
been described. However, the present invention is not
limited to the embodiment, and the embodiment may be
varied, for example, as described below.
[0105] In the above-described embodiment, the con-
figuration has been illustrated in which the first upper
surface 23 and the second upper surface 33 are linear
in a radial cross section as shown in FIG. 9. However,
the present invention is not limited to this configuration.
The first upper surface 23 and the second upper surface
33 should be shaped to generate a force in a direction in
which the first sidewall portion 20 and the second sidewall
portion 30 come into tight contact with the wire 101 to be
tightened and be also shaped to prevent sand, mud, or
the like from being collected in the neighborhood of the
first upper surface 23 and the second upper surface 33,
and for example, the first upper surface 23 may be curved
provided that the first upper surface 23 is lower at the
radially inner side than at the radially outer side. This also
applies to the second upper surface 33. Thus, the rubber
sheet 1 may have a radial cross section which generally
spreads toward the spring bearing 200 in a curved man-
ner, that is, which may have a trapezoidal shape like a
barrel.
[0106] In the above-described embodiment, the con-
figuration has been illustrated in which the entry side re-
cess portion 13 is formed at the entry side end surface
12 as shown in FIG. 7. Alternatively, for example, the
formation of the entry side recess portion 13 may be omit-
ted.
[0107] In the above-described embodiment, the con-
figuration has been illustrated in which the circumferential
depth of the entry side recess portion 13 from the entry
side end surface 12 gradually increases upward as
shown in FIG. 7. Alternatively, for example, a bottom sur-
face 13a of the entry side recess portion 13 may be
formed of a plurality of steps as shown in FIG. 14. The
number of the steps may be varied as appropriate and
may be two, three, or the like.
[0108] In the above-described embodiment, the con-
figuration has been illustrated in which the entry side end
surface 12 of the rubber sheet 1 is inclined (toward the
entry side) so as to recess the spring bearing 200 side
of the rubber sheet 1 as shown in FIG. 7. Alternatively,
for example, the entry side end surface 12 may extend
in the up-down direction instead of being inclined, as
shown in FIG. 15.
[0109] In this case, the bottom surface 13a of the entry
side recess portion 13 may extend in the up-down direc-
tion (see FIG. 15) or a lower side of the bottom surface
13a may be inclined toward the first side with the depth
of the entry side recess portion 13 gradually increasing
upward as shown in FIG. 16.
[0110] In the above-described embodiment, the con-

figuration has been illustrated which includes in the cir-
cumferential direction the two slip-off prevention portions
(the first slip-off prevention portion 50 and the second
slip-off prevention portion 60). However, for example, the
number of the slip-off prevention portions may be
changed to one or three or more.
[0111] In the above-described embodiment, the con-
figuration has been illustrated in which the rubber sheet
1 includes the slope-like thick portion 16 with the thick-
ness thereof gradually increasing on the other end there-
of. Alternatively, for example, the thick portion may be
generally constant in thickness instead of being sloped.
[0112] In the above-described embodiment, the con-
figuration has been illustrated in which the piston rod 420
projects upward from the damper case 410 (see FIG. 1).
However, for example, a configuration turned upside
down may be adopted, that is, the piston rod 420 may
project downward from the damper case 410.
[0113] The relative-magnitude relations between the
radius R101 of the wire 101 and the radius of curvature
R21 of the first inner side surface 21 and the radius of
curvature R31 of the second inner side surface 31 are
also not limited to the above-described embodiment but
may be freely varied. For example, the radius of curvature
R21 of the first inner side surface 21 and the radius of
curvature R31 of the second inner side surface 31 may
be made further smaller than the radius R101 of the wire
101 to further reduce the gap between the rubber sheet
1 and the wire 101.
[0114] In the above-described embodiment, the first
collapsing margin 24 and the second collapsing margin
34 can be collapsed by a specific amount. However, the
collapsing amount is not particularly limited and may be
increased or reduced. An increased collapsing amount
allows the first sidewall portion 20 and/or the second side-
wall portion 30 to more firmly tighten the wire 101 of the
coil spring 100 to bring the rubber sheet 1 and the wire
101 into tighter contact with each other.
[0115] In the above-described embodiment, a total of
two collapsing margins are provided in the circumferen-
tial direction: one for the first sidewall portion 20 and the
other for the second sidewall portion 30. However, the
number of the collapsing margins may be one or three
or more. Furthermore, the collapsing amount for the col-
lapsing margins need not be constant but may be varied
between the collapsing margins. Furthermore, the shape
of the collapsing margin may be varied between the col-
lapsing margins, and for example, may be conformed to
the shape of the spring bearing 200.
[0116] In the above-described embodiment, the con-
figuration has been illustrated in which the suspension
apparatus 300 is of the strut type (see FIG. 1). Alterna-
tively, for example, the suspension apparatus 300 may
be of a wishbone type.
[0117] In the above-described embodiment, the con-
figuration has been illustrated in which the coil spring 100
is installed outside the hydraulic shock absorber 400 (see
FIG. 1). Alternatively, for example, the coil spring 100
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may be disposed in parallel with the hydraulic shock ab-
sorber 400.

«Second embodiment»

[0118] A second embodiment of the present invention
will be described with reference to FIG. 18 and FIG. 19.
Differences from the first embodiment will be described.
[0119] A rubber sheet 1A according to a second em-
bodiment is configured not to be fitted into the groove
210 (see FIG. 9) of the spring bearing 200 but to be dis-
posed on a spring bearing 200A.
[0120] A first collapsing margin 24A and a second col-
lapsing margin 34A according to the second embodiment
are leg portions positioned at the respective opposite
ends of the rubber sheet 1A which contact the spring
bearing 200A and partly projecting toward a side of the
spring bearing 200A located below the rubber sheet 1A.
Furthermore, in a radial cross section, the rubber sheet
1A includes a space between the rubber sheet 1A and
the spring bearing 200A and between the first collapsing
margin 24A and the second collapsing margin 34A (of
the rubber sheet 1A). These arrangements allow a load
input from the wire 101 (coil spring 100) to the seating
portion 10 of the rubber sheet 1A to be positively utilized
and enables the first sidewall portion 20 and the second
sidewall portion 30 of the rubber sheet 1A to generate a
tightening force when the first collapsing margin 24 and
the second collapsing margin 34 collapse with respect
to the spring bearing 200A (see arrow A1 in FIG. 18).
[0121] According to the second embodiment, the first
sidewall portion 20 and the second sidewall portion 30
tighten the wire 101 (arrow A1 in FIG. 18) to tightly contact
the wire 101 as is the case with the first embodiment.
This prevents a gap from being formed between the wire
101 and each of the first sidewall portion 20 and the sec-
ond sidewall portion 30. Thus, mud, sand, or the like is
unlikely to flow in between the wire 101 and each of the
first sidewall portion 20 and the second sidewall portion
30, allowing the coil spring 100 to be prevented from, for
example, having its coating chipped or being broken.

«Third embodiment»

[0122] A third embodiment of the present invention will
be described with reference to FIG. 20. Differences from
the first embodiment will be described.
[0123] A rubber sheet 1 B according to a third embod-
iment is what is called a cylindrical rubber sheet and in-
cludes an upper wall portion 35 extending radially inward
from above the second sidewall portion 30 along the up-
per surface of the wire 101. An opening 35b serving as
an insertion port for the wire 101 is formed between a
radially inner leading end of the upper wall portion 35 and
the first upper surface 23 of the first sidewall portion 20.
The upper wall portion 35 extends all along the circum-
ference of the rubber sheet 1B and includes an inner
surface 35a that tightens the wire 101 by means of the

elastic force of the upper wall portion 35.
[0124] According to the third embodiment, the first
sidewall portion 20 and the second sidewall portion 30
tighten the wire 101 to tightly contact the wire 101 as is
the case with the first embodiment. This prevents a gap
from being formed between the wire 101 and each of the
first sidewall portion 20 and the second sidewall portion
30. Thus, mud, sand, or the like is unlikely to flow in be-
tween the wire 101 and each of the first sidewall portion
20 and the second sidewall portion 30, allowing the coil
spring 100 to be prevented from, for example, having its
coating chipped or being broken.
[0125] The upper wall portion 35 of the rubber sheet 1
B is shaped like a cylinder covering the upper surface of
the wire 101. This allows sand, mud, or the like to be
further prevented from flowing in between the wire 101
and the rubber sheet 1B.
[0126] According to the third embodiment, the opening
35b is located at a radially inward position. However, the
opening 35b may be located at another position. Further-
more, according to the third embodiment, the upper wall
portion 35 extends upward from the second sidewall por-
tion 30. Alternatively, the upper wall portion 35 may ex-
tend upward from the first sidewall portion 20.
[0127] The third embodiment has been illustrated as a
variation of the first embodiment. However, the third em-
bodiment is not limited to this. A cylindrical base may be
configured based on the rubber sheet 1A according to
the second embodiment.
[0128] The first to third embodiments use the rubber
sheet 1 as an elastic sheet. However, the invention is not
limited to the rubber sheet 1. The elastic sheet may be
formed of resin or the like, that is, any substance (mate-
rial) that reduces a load input by the coil spring 100.

<Variation of the spring bearing side recess portion>

[0129] The above-described embodiments illustrate
that the spring bearing side recess portion 15 with a radial
cross section shaped like a rectangle (see FIG. 8) or a
semi-circle (not shown in the drawings) or shaped such
that the size of the spring bearing side recess portion 15
increases upward relative to the opening width (see FIG.
17). However, the spring bearing side recess portion 15
is not limited to these shapes.
[0130] FIG. 22 is a drawing showing a radial cross sec-
tion of a spring bearing side recess portion 15 according
to a first variation. FIG. 22 is also a cross-sectional view
of a portion X2-X2 in FIG. 4.
[0131] In the rubber sheet 1 with the spring bearing
side recess portion 15 according to the first variation
formed therein, the spring bearing side recess portion 15
(a second recess portion according to the present inven-
tion) is formed to prevent an area (according to the first
variation, a top portion 152a described below) of the seat-
ing portion 10 located immediately below the wire 101
forming the coil spring 100 from coming into contact with
the spring bearing 200 when the coil spring 100 is com-
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pressed. Specifically, an example is illustrated in which
the spring bearing side recess portion 15 according to
the first variation appears in radial section to have an
approximately triangular shape as shown in FIG. 22. That
is, in the rubber sheet 1 with the spring bearing side re-
cess portion 15 according to the first variation formed
therein, the spring bearing side recess portion 15 is
shaped like a triangle with a vertex corresponding to the
area (top portion 152a described below) of the seating
portion 10 located immediately below the wire 101 form-
ing the coil spring 100. Thus, the spring bearing side re-
cess portion 15 according to the first variation is defined
by edge portions 151 located at edges of the opening at
the spring bearing 200 side, a bottom portion 152 that is
the deepest portion of the recess, and side portions 153
each located between the corresponding edge portion
151 and the bottom portion 152.
[0132] The edge portions 151 are areas formed at a
radially inner edge and a radially outer edge, respective-
ly, of the opening at the spring bearing 200 side and ap-
pearing like circular arcs in radial section. As shown in
the radial cross-sectional view in FIG. 22, a first end por-
tion 151p of the circular arc of the edge portion 151 is
connected to the back surface 14, placed on the bottom
surface of the groove 210 of the spring bearing 200, and
a second end portion 151q of the circular arc of the edge
portion 151 is connected to a first end portion 153p, de-
scribed below, of the side portion 153.
[0133] The bottom portion 152 appears in radial sec-
tion to have a circular arc shape with a top portion 152a
on a line which passes through the center of the wire 101
of the coil spring 100 supported by the rubber sheet 1
and which extends perpendicularly to the bottom surface
of the groove 210 of the spring bearing 200. As shown
in the radial cross-sectional view in FIG. 22, the bottom
portion 152 has opposite ends 152p of the circular arc
and the opposite ends 152p are connected to respective
second end portions 153q, described below, of the side
portions 153. The line which passes through the center
of the wire 101 of the coil spring 100 supported by the
rubber sheet 1 and which extends perpendicularly to the
bottom surface of the groove 210 of the spring bearing
200 is hereinafter sometimes referred to as a "center
line". And, reference numeral 110 is used to indicate this
center line.
[0134] The side portion 153 is an area appearing in the
radial cross-sectional view shown in FIG. 22 to have a
linear shape connecting the second end portion 153q of
the edge portion 151 to the end portion 152p of the bottom
portion 152. The side portion 153 according to the first
variation is inclined with respect to the bottom surface of
the groove 210 of the spring bearing 200. In other words,
the side portion 153 according to the first variation is in-
clined with respect to the center line 110.
[0135] Since the spring bearing side recess portion 15
is shaped approximately like a triangle defined by the
edge portions 151, the bottom portion 152 and the side
portions 153, an area of the seating portion 10 located

opposite the bottom surface of the groove 210 of the
spring bearing 200 is shaped approximately like a triangle
defined by the bottom portion 152 and the side portions
153. Additionally, a surface of the seating portion 10 lo-
cated closer to the bottom surface of the groove 210 ap-
pears in the radial cross-sectional view shown in FIG. 22
to have an approximately equilateral triangle with a vertex
corresponding to the top portion 152a of the bottom por-
tion 152 and with sides corresponding to the two side
portions 153.
[0136] In the spring bearing side recess portion 15 ac-
cording to the first variation, the bottom portion 152 is
shaped like a circular arc. However, the bottom portion
152 is not particularly limited to this shape. The bottom
portion 152 may have a flat shape parallel to the groove
210 or a pointed shape (the corresponding corner portion
may not be rounded into a circular arc, differently from
the case of the first variation). Furthermore, each of the
two side portions 153 may be extended to the center line
110 and the circular-arc bottom portion 152 may be omit-
ted. In the case of such a shape, the intersection point
between the side portion 153 and the center line 110 is
defined as the top portion 152a.
[0137] The edge portion 151 is also shaped like a cir-
cular arc but is not limited to this shape. The edge portion
151 may have a linear shape perpendicular to the groove
210 or a pointed shape (the corresponding corner portion
may not be rounded into a circular arc, differently from
the case of the first variation).
[0138] In the illustrated first variation, the top portion
152a is located on the center line 110. However, the top
portion 152a is not limited to this position. The top portion
152a may appear in radial section to lie to the right of the
center line 110 or to the left of the center line 110. Even
in this case, the top portion 152a corresponds to the "area
located immediately below the wire" according to the
present invention.
[0139] FIG. 23 is a drawing showing the state of the
rubber sheet 1 observed when the coil spring 100 sup-
ported by the rubber sheet 1 with the spring bearing side
recess portion 15 according to the first variation formed
therein is compressed to apply a compressive load to the
rubber sheet 1.
[0140] In the rubber sheet 1 with the spring bearing
side recess portion 15 according to the first variation
formed therein, when the coil spring 100 is compressed
to apply a compressive load to the rubber sheet 1, a force
directed downward from the center of the wire 101 of the
coil spring 100 (toward the bottom surface of the groove
210 of the spring bearing 200) acts on the seating portion
10. Then, the first sidewall portion 20 and the second
sidewall portion 30 receive a reaction force from the bot-
tom surface of the groove 210 of the spring bearing 200.
As a result, a force from the bottom portion 152 side and
a force from the edge portion 151 side act on the side
portion 153 of the spring bearing side recess portion 15.
That is, the side portion 153 is compressed from the op-
posite end portions thereof. On the other hand, the first
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collapsing margin 24 (see FIG. 10), the second collapsing
margin 34 (see FIG. 10), and the first sidewall portion 20
and the second sidewall portion 30 receive the reaction
force from the spring bearing 200, and thus, a force di-
rected from a widthwise outer side toward a central side
acts on the seating portion 10. Thus, as shown in FIG.
23, central portions 153z of the side portions 153, shaping
a surface of the seating portion 10 located closer to the
bottom surface of the groove 210, are deformed so as to
protrude toward the bottom surface of the groove 210 (in
other words, toward the center line 110 of the groove
210). As shown in FIG. 23, the bottom portion 152 moves
toward the bottom surface of the groove 210 of the spring
bearing 200 but the central portions of the side portions
153 are deformed so as to protrude, thus preventing the
bottom portion 152 from coming into contact with the bot-
tom surface of the groove 210 of the spring bearing 200.
Thus, in the spring bearing side recess portion 15 ac-
cording to the first variation, the top portion 152a located
immediately below the center of the wire 101 forming the
coil spring 100 is prevented from coming into contact with
the spring bearing 200 when the coil spring 100 is com-
pressed.
[0141] Hence, if sand or the like enters the spring bear-
ing side recess portion 15 of the rubber sheet 1 over the
bottom surface of the groove 210 of the spring bearing
200, the top portion 152a of the bottom portion 152 is
restrained from coming into contact with the sand or the
like on the bottom surface of the groove 210. This sup-
presses a situation in which the top portion 152a of the
bottom portion 152 comes into contact with the sand or
the like and is damaged and in which the coil spring 100
subsequently repeats compression and extension to de-
velop a crack starting from the damaged top portion 152a
of the bottom portion 152 into the rubber sheet 1, which
is thus broken.
[0142] The spring bearing side recess portion 15 ac-
cording to the first variation is approximately shaped like
an equilateral triangle. However, the length of the side
portion 153, the angle between the side portion 153 and
the center line 110, the positions of the first end portion
153p and second end portion 153q of the side portion
153, and the like need not necessarily be as described
above provided that the length, the angle, the position,
and the like meet the need to be able to restrain the top
portion 152a of the seating portion 10 from coming into
contact with the bottom surface of the groove 210. For
example, the length of the side portion 153 may be
changed so as to shape the spring bearing side recess
portion 15 into an approximately isosceles triangle.
[0143] Now, a second variation is illustrated as another
variation.
[0144] In the second variation, in the rubber sheet 1
with the spring bearing side recess portion 15 formed
therein, in a case where the coil spring 100 is com-
pressed, the spring bearing side recess portion 15 (the
second recess portion according to the present invention)
is formed to prevent the area (in the second variation,

the top portion 152a described below) of the seating por-
tion 10 located immediately below the wire 101 forming
the coil spring 100 from coming into contact with the
spring bearing 200, as is the case of the first variation.
[0145] FIG. 24 is a drawing showing a radial cross sec-
tion of the spring bearing side recess portion 15 according
to the second variation. FIG. 24 is also a cross-sectional
view of the portion X2-X2 in FIG. 4.
[0146] The spring bearing side recess portion 15 ac-
cording to the second variation is characterized by ap-
pearing in radial section to have an approximately pen-
tagonal shape as shown in FIG. 24. That is, the spring
bearing side recess portion 15 according to the second
variation is different from the spring bearing side recess
portion 15 according to the first variation in that the side
portion 153 is bent. Specifically, the side portion 153 of
the spring bearing side recess portion 15 according to
the second variation has an upward portion 153a extend-
ing upward from the edge portion 151 in the direction of
the center line of the coil spring 100 and an inclined por-
tion 153b extending from the end portion 152p of the
bottom portion 152 in a direction in which the inclined
portion 153b is inclined with respect to the center line
110 of the coil spring 100. The side portion 153 also has
a circular arc portion 153c connecting the upward portion
153a and the inclined portion 153b together. Additionally,
in the rubber sheet 1 with the spring bearing side recess
portion 15 according to the second variation formed
therein, the surface of the seating portion 10 located clos-
er to the bottom surface of the groove 210 appears, in
the radial cross-sectional view shown in FIG. 24, to have
an approximately pentagonal shape with a vertex corre-
sponding to the top portion 152a of the bottom portion
152.
[0147] In the spring bearing side recess portion 15 ac-
cording to the second variation, the bottom portion 152
is shaped like a circular arc. However, the bottom portion
152 is not particularly limited to this shape. The bottom
portion 152 may have a flat shape parallel to the groove
210 or a pointed shape (the corresponding corner portion
may not be rounded into a circular arc, differently from
the case of the second variation). Furthermore, each of
the inclined portions 153b of the two side portions 153
may be extended to the center line 110, and the circular-
arc bottom portion 152 may be omitted. In the case of
such a shape, the intersection point between the inclined
portion 153b of the side portion 153 and the center line
110 is defined as the top portion 152a.
[0148] In the illustrated second variation, the top por-
tion 152a is located on the center line 110. However, the
top portion 152a is not limited to this position. The top
portion 152a may appear in radial section to lie to the
right of the center line 110 or to the left of the center line
110. Even in this case, the top portion 152a corresponds
to the "area located immediately below the wire" accord-
ing to the present invention.
[0149] FIG. 25 is a drawing showing the state of the
rubber sheet 1 observed when the coil spring 100 sup-
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ported by the rubber sheet 1 with the spring bearing side
recess portion 15 according to the second variation
formed therein is compressed to apply a compressive
load to the rubber sheet 1.
[0150] In the rubber sheet 1 with the spring bearing
side recess portion 15 according to the second variation
configured as described above, when the coil spring 100
is compressed to apply a compressive load to the rubber
sheet 1, central portions 153y of the inclined portions
153b, shaping the surface of the seating portion 10 lo-
cated closer to the bottom surface of the groove 210, are
deformed so as to protrude toward the bottom surface of
the groove 210 of the spring bearing 200, as is the case
with the rubber sheet 1 with the spring bearing side re-
cess portion 15 according to the first variation. Then, the
top portion 152a of the bottom portion 152 moves toward
the bottom surface of the groove 210 of the spring bearing
200 but the inclined portions 153b are deformed so as
to protrude, thus preventing the top portion 152a from
coming into contact with the bottom surface of the groove
210 of the spring bearing 200. That is, in the spring bear-
ing side recess portion 15 according to the second vari-
ation, the top portion 152a located immediately below
the center of the wire 101 forming the coil spring 100 is
prevented from coming into contact with the spring bear-
ing 200 when the coil spring 100 is compressed. In other
words, the spring bearing side recess portion 15 is formed
to prevent the area (top portion 152a) of the seating por-
tion 10 located immediately below the center of the wire
101 forming the coil spring 100 from coming into contact
with the spring bearing 200 when the coil spring 100 is
compressed. Hence, if sand or the like enters the spring
bearing side recess portion 15 over the bottom surface
of the groove 210 of the spring bearing 200, the top por-
tion 152a of the bottom portion 152 is restrained from
coming into contact with the sand or the like on the bottom
surface of the groove 210. This suppresses possible
breakage of the rubber sheet 1.
[0151] As described above, in the rubber sheet 1 with
the spring bearing side recess portion 15 according to
the second variation formed therein, the spring bearing
side recess portion 15 is shaped approximately like a
pentagon with a vertex corresponding to the area (top
portion 152a) of the seating portion 10 located immedi-
ately below the center of the wire 101 forming the coil
spring 100. The spring bearing side recess portion 15
according to the second variation is approximately
shaped like a pentagon. However, the shape of the spring
bearing side recess portion 15 is not particularly limited
provided that the shape meets the need to be able to
restrain the top portion 152a of the seating portion 10
from coming into contact with the bottom surface of the
groove 210. For example, the spring bearing side recess
portion 15 may appear in radial section to have an ap-
proximate rectangular shape in which the bottom portion
152 has a linear shape parallel to the bottom surface of
the groove 210 of the spring bearing 200 and in which
the side portion 153 has a linear shape parallel to the

direction of the center line 110, with the direction of the
center line 110 being a longitudinal direction. Alternative-
ly, in contrast to the approximately rectangular shape,
the bottom portion 152 may be shaped like a circular arc
instead of having a linear shape. That is, the bottom por-
tion 152 may be shaped like a semi-circle with a diameter
corresponding to the distance between the two side por-
tions 153 parallel to the direction of the center line 110,
and the opposite ends of the bottom portion 152 are con-
nected to the respective ends of the side portions 153.
[0152] Furthermore, the edge portion 151 is also
shaped like a circular arc but is not limited to this shape.
The edge portion 151 may have a linear shape perpen-
dicular to the groove 210 or have a pointed shape (the
corresponding corner portion may not be rounded into a
circular arc, differently from the case of the second var-
iation).
[0153] FIG. 26 is a drawing showing a radial cross sec-
tion of the spring bearing side recess portion 15 according
to a third variation. FIG. 26 is also a cross-sectional view
of the portion X2-X2 in FIG. 4.
[0154] The spring bearing side recess portion 15 ac-
cording to the third variation is characterized by appear-
ing in radial section to have an approximate keyhole
shape as shown in FIG. 26. That is, as shown in FIG. 26,
the bottom portion 152 of the spring bearing side recess
portion 15 according to the third variation appears in ra-
dial section to have a circular arc that is open at a side
of the bottom portion 152 located closer to the bottom
surface of the groove 210 of the spring bearing 200. Fur-
thermore, the side portion 153 of the spring bearing side
recess portion 15 according to the third variation extends
upward from the edge portion 151 in the direction of the
center line 110. The distance between the radially inward
side portion 153 and the radially outer side portion 153
is smaller than the diameter of the bottom portion 152.
The distance L1 between the radially inner side portion
153 and the radially outer side portion 153 is shorter than
a distance L2 from the bottom surface of the groove 210
of the spring bearing 200 to the top portion 152a of the
bottom portion 152. Thus, the surface of the seating por-
tion 10 located closer to the bottom surface of the groove
210 appears in the radial cross-sectional view shown in
FIG. 26 to have an approximate keyhole shape in which
the top portion 152a of the bottom portion 152 corre-
sponds to the deepest portion.
[0155] In the third variation, the distance L1 between
the radially inner side portion 153 and the radially outer
side portion 153 is shorter than the distance L2 from the
bottom surface of the groove 210 of the spring bearing
200 to the top portion 152a of the bottom portion 152.
However, the third variation is not limited to this. The
distance L1 may be shorter than or equivalent to the dis-
tance L2.
[0156] Furthermore, in the spring bearing side recess
portion 15 according to the third variation, the circular arc
is approximately three-fourths of the circle but is not lim-
ited to this shape. In short, another circular arc may be
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adopted provided that the shape meets the need to be
able to restrain the top portion 152a of the spring bearing
side recess portion 15 from coming into contact with the
bottom surface of the groove 210, as described below.
Similarly, the side portion 153 may have another shape,
provided that the shape, in view of the shape of the sur-
rounding portion such as the groove 210 of the spring
bearing 200, meets the need to be able to restrain the
top portion 152a of the spring bearing side recess portion
15 from coming into contact with the bottom surface of
the groove 210.
[0157] In the rubber sheet 1 with the spring bearing
side recess portion 15 according to the third variation
configured as described above, when the coil spring 100
is compressed to apply a compressive load to the rubber
sheet 1, a force from the bottom portion 152 acts on an
upper end portion of the side portion 153 and a force from
the edge portion 151 act on a lower end portion of the
side portion 153, and the compression force is exerted
on the side portion 153 from the end portions. On the
other hand, the first collapsing margin 24 (see FIG. 10),
the second collapsing margin 34 (see FIG. 10), and the
first sidewall portion 20 and the second sidewall portion
30 receive the reaction force from the spring bearing 200,
and thus, a force directed from a widthwise outer side
toward a central side acts on the side portion 153. Thus,
the side portions 153 are deformed so as to protrude
toward the central side and toward the bottom surface of
the groove 210 of the spring bearing 200, reducing the
distance between the radially inner side portion 153 and
the radially outer side portion 153. Furthermore, also be-
fore the compressive load acts on the rubber sheet 1,
the distance between the radially inner side portion 153
and the radially outer side portion 153 is shorter than the
diameter of the bottom portion 152. Hence, even when
the bottom portion 152 moves toward the bottom surface
side of the groove 210 of the spring bearing 200, since
the distance between the radially inner side portion 153
and the radially outer side portion 153 is short, the bottom
portion 152 is prevented from passing beyond this area
and coming into contact with the bottom surface of the
groove 210. That is, with regard to the spring bearing
side recess portion 15 according to the third variation,
the top portion 152a located immediately below the cent-
er of the wire 101 forming the coil spring 100 does not
come into contact with the spring bearing 200 when the
coil spring 100 is compressed. In other words, the spring
bearing side recess portion 15 is formed such that the
area (the top portion 152a) located immediately below
the wire 101 forming the coil spring 100 does not come
into contact with the spring bearing 200 when the coil
spring 100 is compressed. Thus, if sand or the like enters
the spring bearing side recess portion 15 of the rubber
sheet 1 over the bottom surface of the groove 210 of the
spring bearing 200, the top portion 152a of the bottom
portion 152 is restrained from coming into contact with
the sand or the like on the bottom surface of the groove
210. This suppresses possible breakage of the rubber

sheet 1.

Claims

1. An elastic sheet interposed between a coil spring
that is provided in a suspension apparatus and that
extends in an axial direction of the suspension ap-
paratus and a spring bearing that supports the coil
spring,
the elastic sheet comprising:

a seating portion by which the coil spring is sup-
ported and which has a circular arc shape in a
view from the axial direction, one circumferential
side of the seating portion being a side of entry
of the coil spring; and
a pair of sidewall portions extending from re-
spective width-wise opposite ends of the seating
portion toward the coil spring side, wherein
at least one of the sidewall portions has a wire
contact surface that contacts a wire forming the
coil spring and an inclined surface that is inclined
so as to approach the spring bearing as the in-
clined surface extends widthwise outward from
the wire contact surface, and
a radius of curvature of the wire contact surface
at least at a side closest to the inclined surface
is smaller than a radius of the wire.

2. The elastic sheet according to claim 1, wherein a
protruding portion protruding toward the wire is
formed on the coil spring entry side of a groove sur-
face of the elastic sheet which contacts the coil
spring.

3. The elastic sheet according to claim 1 or claim 2,
further comprising a collapsing margin that is formed
at a side of the spring bearing and that, when col-
lapsed, generates a tightening force that tightens
one of the sidewall portions against the wire.

4. The elastic sheet according to any one of claims 1
to 3, wherein a first recess portion is formed on an
end surface of the seating portion at the side of entry
of the coil spring.

5. The elastic sheet according to claim 4, wherein the
end surface of the seating portion at the side of entry
of the coil spring is oblique in such a manner that the
end surface at a side of the spring bearing is re-
cessed.

6. The elastic sheet according to any one of claims 1
to 5, wherein a second recess portion that is open
toward a side of the spring bearing is formed on the
seating portion at a side of the spring bearing.
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7. The elastic sheet according to claim 6, wherein the
second recess portion is formed to prevent an area
of the seating portion located immediately below the
wire, which forms the coil spring, from coming into
contact with the spring bearing when the coil spring
is compressed.

8. The elastic sheet according to claim 7, wherein the
second recess portion is formed to have a triangle
shape with a vertex corresponding to the area of the
seating portion located immediately below the wire,
which forms the coil spring.

9. A suspension apparatus comprising:

a hydraulic shock absorber installed on a vehicle
body side and on a wheel side;
a coil spring;
a spring bearing supporting the coil spring; and
the elastic sheet according to any one of claims
1 to 8 interposed between the coil spring and
the spring bearing.

10. The suspension apparatus according to claim 9,
wherein the spring bearing comprises a regulation
portion that regulates deformation of the sidewall
portions of the elastic sheet.

31 32 



EP 2 777 963 A1

18



EP 2 777 963 A1

19



EP 2 777 963 A1

20



EP 2 777 963 A1

21



EP 2 777 963 A1

22



EP 2 777 963 A1

23



EP 2 777 963 A1

24



EP 2 777 963 A1

25



EP 2 777 963 A1

26



EP 2 777 963 A1

27



EP 2 777 963 A1

28



EP 2 777 963 A1

29



EP 2 777 963 A1

30



EP 2 777 963 A1

31



EP 2 777 963 A1

32



EP 2 777 963 A1

33



EP 2 777 963 A1

34



EP 2 777 963 A1

35



EP 2 777 963 A1

36



EP 2 777 963 A1

37



EP 2 777 963 A1

38



EP 2 777 963 A1

39



EP 2 777 963 A1

40



EP 2 777 963 A1

41



EP 2 777 963 A1

42



EP 2 777 963 A1

43



EP 2 777 963 A1

44

5

10

15

20

25

30

35

40

45

50

55



EP 2 777 963 A1

45

5

10

15

20

25

30

35

40

45

50

55



EP 2 777 963 A1

46

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2012219825 A [0002] [0003] [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

