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(54) SHOCK ABSORBER

(57) A shock absorber mounted on a vehicle includes
an inner portion that is made of a metal and has a first
upper end and a first lower end, and an outer portion that
is made of a composite material and is integrally formed
with the inner portion. The outer portion has at least one
of a second upper end on which the first upper end of
the inner portion is folded and a second lower end on
which the first lower end of the inner portion is folded,
and a middle portion that has a seat for supporting a
suspension spring.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a shock absorb-
er.

BACKGROUND ART

[0002] As known in the art, a certain shock absorber
of a vehicle has a strut. One side of the strut is connected
to a knuckle arm of one wheel of a front axle of a vehicle,
and the other side is connected to a piston rod assembly
combined with a chassis of the vehicle.
[0003] The strut has a seat in its upper part. The seat
serves as a support surface for supporting a lower wind-
ing end of a suspension spring that internally houses the
piston rod assembly. Therefore, the strut supports a front
part of a vehicle along with the suspension spring. In
addition, the strut is rotated with respect to an axial line
of the shock absorber so as to allow for wheel steering.
In particular, the strut is subjected to a strong mechanical
action when a vehicle is in a braking operation, an accel-
eration operation, and a turning operation. For this rea-
son, stiffness of the strut affects controllability of the
wheel surface, so that a vehicle behavior on a road sur-
face depends on this controllability.
[0004] The strut is required to be tolerable to various
stresses in three spatial directions (e.g., vertical, horizon-
tal, and longitudinal directions). Therefore, in general,
the strut is manufactured in a monoblock manner and is
formed of a metal material such as steel.

SUMMARY OF INVENTION

[0005] The use of the metal material is disadvanta-
geous in terms of a weight, that is, energy consumption.
This is against the current maker’s trend for reducing
pollution generated from an exhaust of a heat engine.
However, it is very difficult to reduce a weight of the strut
while physical characteristics such as a mechanical
strength and stiffness are maintained.
[0006] It is an object of the present invention to address
such problems.
[0007] According to one aspect of the present inven-
tion, a shock absorber mounted on a vehicle includes an
inner portion that is made of a metal and has a first upper
end and a first lower end, and an outer portion that is
made of a composite material and is integrally formed
with the inner portion. The outer portion has at least one
of a second upper end on which the first upper end of
the inner portion is folded and a second lower end on
which the first lower end of the inner portion is folded,
and a middle portion that has a seat for supporting a
suspension spring.
[0008] Additional features and characteristics of this
the present invention will become more apparent from
the following detailed description considered with the ref-

erence to the accompanying drawings. Note that the
drawings were created using computer-aid design soft-
ware CAO/DAO, and thus, some lines may be discontin-
uous intentionally.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

FIG. 1 is a schematic perspective view illustrating a
strut of a shock absorber according to an embodi-
ment of the present invention;
FIG. 2 is a schematic vertical cross-sectional view
illustrating a strut before a first upper end of an inner
portion is bent toward a second upper end of an outer
portion;
FIG. 3 is a schematic perspective view illustrating a
strut as seen from the top before the first upper end
of the inner portion is bent toward the second upper
end of the outer portion; and
FIG. 4 is a schematic rear view illustrating a second
lower end of the outer portion of the strut as seen
from the rear side.

DESCRIPTION OF EMBODIMENTS

[0010] A description will now be made for an embodi-
ment of the present invention with reference to the ac-
companying drawings.
[0011] The following description relates to a case
where a shock absorber D according to the embodiment
of the present invention is included in a part of a front
axle of a vehicle.
[0012] The front axle is included in a part of a motor-
based vehicle such as an automobile. However, the
present invention is not limited to such a type of vehicles,
but may be applied to overall types of land vehicles hav-
ing at least one front axle for steering including right and
left wheels.
[0013] As illustrated in FIG. 1 in part, the shock absorb-
er D has a strut JF combined with a piston rod assembly
and a coil spring of a suspension. The piston rod assem-
bly has an upper part combined with a chassis of a vehicle
and a lower part combined with an upper side ES1 and
ES2 of the strut JF. In addition, the piston rod assembly
is housed in an inner area of a cavity defined by winding
of the suspension spring.
[0014] As illustrated in FIGS. 1 and 2, the strut JF has
a metal inner portion PIJ and an outer portion PEJ inte-
grally formed across nearly the entire length of the inner
portion PIJ. The outer portion PEJ is integrally formed
with the inner portion PIJ such that they are closely
spaced with each other.
[0015] The inner portion PIJ is formed of a metal ma-
terial extraordinarily tolerable to, in particular, a pressure,
a tensile force, or distortion, such as steel or aluminum.
The inner portion PIJ has a first upper end ES1 and a
first lower end El1. The metal material is subjected to
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harsh stresses such as tension, compression, and bend-
ing. In addition, the metal material is also subjected to
distortion although it is weaker. Therefore, a very strong
material is used as the metal material. As a result, it is
possible to reduce a thickness and mass of the inner
portion PIJ.
[0016] As illustrated in FIGS. 2 and 3, the inner portion
PIJ has a generally cylindrical shape centered at the axial
line AP. However, this shape is not essential, and the
inner portion PIJ may not be a body of rotation having an
axis. However, such a shape is advantageous because
it can simplify an industrial manufacturing method and
maximize bending resistance in portions where the
harshest external force is applied.
[0017] As illustrated in FIG. 2, the inner portion PIJ
advantageously has a first protrusion (or swelling portion)
PR1 underlying the first upper end ES1 and a second
protrusion (or swelling portion) PR2 overlying the first
lower end El1. As a result, it is possible to improve en-
gagement between the outer portion PEJ and the inner
portion PIJ along the axial line AP (in terms of coherence).
[0018] The first and second protrusions PR1 and PR2
are preferably thicker than the other portions of a wall
that defines the inner portion PIJ.
[0019] Each of the first and second protrusions PR1
and PR2 has a substantially annular shape. Alternatively,
the first and second protrusions PR1 and PR2 may have
slightly geometrical and complicated shapes. Alterna-
tively, the first and second protrusions PR1 and PR2 may
have a simpler structure. For example, the apexes (out-
ermost diameter portion) of the protrusions PR1 and PR2
may be combined using a single cylindrical portion. In
this case, a pair of swelling portions is combined into a
single cylindrical swelling portion, and a thick portion
formed of a composite material is provided in the edge
of the single cylindrical swelling portion.
[0020] As illustrated in FIG. 2, the inner portion PIJ is
formed by changing an area of the transversal cross sec-
tion between the first and second protrusions PR1 and
PR2. As a result, it is possible to further improve engage-
ment between the outer portion PEJ and the inner portion
PIJ along the axial line AP (in terms of coherence). In
addition, by enlarging an outer diameter in a position of
the first lower end El1 (in the vicinity of the portion con-
nected to the knuckle arm), it is possible to improve bend-
ing resistance (bending strength).
[0021] The outer portion PEJ is formed integrally with
the inner portion PIJ at least except for the first upper
end ES1 of the inner portion PIJ. The outer portion PEJ
is formed of, for example, a very strong composite ma-
terial such as a combination of glass fiber (as necessary,
unoriented fibers having a length of 25 mm) and thermo-
setting vinyl ester or polyester resin, or a combination of
carbon fiber and epoxy resin. In addition, as illustrated
in FIGS. 1 and 4, the outer portion PEJ has a second
upper end ES2, a middle portion PIT, and a second lower
end El2.
[0022] According to this embodiment, the integral for-

mation of the composite material is performed continu-
ously between the upper and lower parts of the inner
portion PIJ. Alternatively, the composite material may be
integrally formed in the inner portion PIJ such that the
composite material is divided into upper and lower sides
at least in part by exposing the middle portion of the inner
portion PIJ (where nearly no external force is applied).
[0023] As illustrated in FIG. 1, the first upper end ES1
of the inner portion PIJ is deformed and folded on a part
of the second upper end ES2 of the outer portion PEJ.
After the first upper end ES1 is folded, a flange space (in
this case, cylindrical shape) capable of improving en-
gagement between the inner and outer portions PIJ and
PEJ (in terms of coherence) is defined in the edge of the
strut JF along the axial line AP. Instead of folding the first
upper end ES1 on the second upper end ES2, the first
lower end El1 may be folded on the second lower end
El2. Alternatively, both the first upper end ES1 and the
first lower end El1 may be folded on the second upper
end ES2 and the second lower end El2, respectively.
[0024] The middle portion PIT has a (lower) seat CB
that defines a support surface for supporting the lower
winding end of the suspension spring directly under the
second upper end ES2. The seat CB is decentered to-
ward the front side PV of the outer portion PEJ. The seat
CB has a very thick center reinforcing area around the
inner portion PIJ for transferring a stress of the winding
of the suspension spring. In addition, the seat CB has a
separate thin area, so called a safety area, in its periphery
in order to prevent a hole from being opened in a tire
when the suspension spring is broken.
[0025] The second lower end El2 of the outer portion
PEJ surrounds the first lower end El1 of the inner portion
PIJ. In addition, the second lower end El2 has a pair of
brackets AF nearly parallel to each other and connecta-
ble to the knuckle arm of the front axle. The knuckle arm
is a main component of the front axle for installing most
of the components. The knuckle arm has a wheel hub in
its center to support a brake caliper. An A-shaped arm
(triangle) is connected to a base portion of the knuckle
arm by using a ball bearing. In addition, the knuckle arm
has a horizontal arm connected to a steering link. Fur-
thermore, the strut JF is connected to the upper side of
the knuckle arm. According to this embodiment, the
knuckle arm is interposed by a pinching portion of the
strut (a pair of brackets AF). A pair of brackets AF is a
member called a pinching portion for installing the knuck-
le arm as known in the art. The brackets AF are not limited
to a pair of brackets parallel to each other as illustrated
in the drawings.
[0026] The knuckle arm has an installation portion ar-
ranged between a pair of brackets AF to engage both
the brackets with each other. Preferably, the installation
portion is very thick (having at least a thickness of 40 mm
or thicker). As illustrated in the drawings, the engagement
between the knuckle arm and the brackets AF is per-
formed using a pair of holes T1 provided in each bracket
AF, a pair of holes provided in the installation portion of
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the knuckle arm to match the holes T1 of the brackets
AF, and a pair of screws inserted into the holes T1 of the
brackets AF and the holes of the installation portion of
the knuckle arm.
[0027] As illustrated in FIG. 1, a ring (or an insert)
formed of, for example, metal such as steel is preferably
installed to the holes T1 of the brackets AF. That is, a
metal ring having a hole where a screw can be inserted
is preferably installed to the hole T1 of the bracket AF.
As a result, it is possible to improve a fastening force of
the screw and set the support force of the screw to a
predetermined value or nearly the predetermined value.
Such an insert has a unique shape for guaranteeing a
support force of the screw in screw engagement between
steel and the composite material. This unique shape may
be provided to have preliminary resilience.
[0028] In order to improve a strength of the outer por-
tion PEJ, the outer portion PEJ may have a single or a
plurality of stiffening ribs (or reinforcing ribs).
[0029] As illustrated in FIG. 1, the outer portion PEJ
has, for example, a first stiffening rib N1 in the middle
portion PIT. The first stiffening rib N1 is combined with a
lower surface of the seat CB and is defined on a surface
including the axial line AP, so that a load capacity of the
seat CB against the pressure applied by the suspension
spring increases. According to this embodiment, as illus-
trated in FIG. 1, the middle portion PIT has three first
stiffening ribs N1 offset from each other in an angular
sense.
[0030] A description will now be made of modifications
of the aforementioned embodiment.
[0031] As illustrated in FIGS. 1 and 2, the outer portion
PEJ has a second stiffening rib N2, for example, in the
middle portion PIT. The second stiffening rib N2 serves
as an upward extension of the bracket AF and is com-
bined with upper sides of each bracket AF. The second
stiffening rib N2 may be combined with another horizon-
tally spaced second stiffening rib N2 as illustrated in the
drawings.
[0032] As illustrated in FIGS. 1 to 3, the second lower
end El2 has a third stiffening rib N3 partially combined,
for example, in a gap between the brackets AF (the front
side PV), in the rear side PR of the bracket AF, and/or
on the brackets AF. In the embodiment illustrated in the
drawings, the third stiffening rib N3 includes ribs substan-
tially in parallel with the axial line AP and substantially
perpendicular to the axial line AP arranged between the
brackets AF, in the rear side PR of the brackets AF, and
on the brackets. The third stiffening rib N3 serves as a
highly stiff reinforcing member in the fitting area of the
first lower end El1 of the inner portion PIJ.
[0033] As illustrated in FIG. 4, the outer portion PEJ
has, for example, a pair of fourth wide stiffening ribs N4
extending along the axial line AP in the rear side PR of
the second lower end El2. As illustrated in FIG. 4, the
fourth stiffening ribs N4 may be connected to each other
by another horizontal fourth stiffening rib N4 narrower
than the stiffening ribs extending along the axial line AP

as necessary. The fourth stiffening ribs N4 serve as a
highly strong and highly stiff reinforcing member in the
fitting area of the first lower end El1 of the inner portion
PIJ.
[0034] As illustrated in FIG. 4, the outer portion PEJ
has, for example, at least one fifth stiffening rib N5 ex-
tending along the axial line AP in the rear side PR of the
middle portion PIT. The fifth stiffening rib N5 may be
formed to have a large width.
[0035] As illustrated in FIG. 3, the seat CB has a stiff-
ening rib N6 extending in a substantially radial direction.
[0036] As illustrated in FIGS. 1 and 3, a fixing portion
PF connectable to an anti-roll bar of the front axle is pro-
vided in the middle portion PIT of the outer portion PEJ.
For engagement between the anti-roll bar and the fixing
portion PF, the fixing portion PF has a hole T2 where a
screw can be inserted as illustrated in the drawings. As
metal ring such as a steel ring (or an insert) OM is pref-
erably installed to the hole T2. That is, it is preferable that
a metal ring having a hole where a screw can be inserted
be installed to the hole T2 of the fixing portion PF. As a
result, it is possible to improve a fastening strength of the
screw and set a support force of the screw to a prede-
termined value or nearly the predetermined value.
[0037] As illustrated in FIG. 1, the fixing portion PF pref-
erably has a shape capable of improving a bending
strength and a distortion strength. For this purpose, the
fixing portion PF is thinned upward and in a radial direc-
tion from the middle portion PIT to the hole T2. For ex-
ample, as illustrated in the drawings, the lower surface
FIP of the fixing portion PF is inclined so as to form a
generally trapezoidal shape (that is, out of a pair of par-
allel sides, the longer side is arranged in the middle por-
tion PIT).
[0038] The fixing portion PF is provided to be offset
from the seat CB in an angular sense depending on the
configuration and arrangement of the anti-roll bar. How-
ever, this is not essential in this invention. Here, the link
rods of the anti-roll bar are substantially perpendicular
and are fixed to the strut by using a ball bearing. For this
reason, in order to improve reinforcement and obtain the
mechanical strength and stiffness in the termination of
the ball bearing, the reinforcement has an asymmetrical
shape.
[0039] The shock absorber D preferably has a metal
reinforcing strip surrounding a part of the second lower
end El2 of the outer portion PEJ. The reinforcing strip
can be combined with the brackets AF by using at least
one of a pair of screws inserted into the holes T1 of the
brackets AF. The reinforcing strip is formed of, for exam-
ple, steel to reinforce the installation pinching portion in-
cluding a pair of brackets AF in a horizontal direction.
[0040] The shock absorber D is not limited to a strut
type and also does not necessarily have the bracket AF.
In this case, the lower end of the shock absorber D is
connected to the lower arm by using an installation mem-
ber.
[0041] The description of the aforementioned embod-
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iment has been made by assuming that the shock ab-
sorber D is included in a part of the front axle of a vehicle.
However, the shock absorber D may be provided in the
rear side as well.
[0042] According to this embodiment, it is possible to
obtain the following effects.
[0043] Since the strut has a hybrid type having the inner
portion formed of metal and the outer portion formed of
the composite material, it is possible to reduce a weight
of the strut while physical characteristics such as a me-
chanical strength and stiffness are maintained.
[0044] In addition, it is possible to reduce a weight of
the strut of the front axle up to 30 to 40%.
[0045] Embodiments of this invention were described
above, but the above embodiments are merely examples
of applications of this invention, and the technical scope
of this invention is not limited to the specific constitutions
of the above embodiments.
[0046] This application claims priority based on French
Patent Application No.1351430 filed with the France Pat-
ent Office on February 20, 2013, the entire contents of
which are incorporated into this specification.

Claims

1. A shock absorber mounted on a vehicle, comprising:

an inner portion that is made of a metal and has
a first upper end and a first lower end; and
an outer portion that is made of a composite ma-
terial and is integrally formed with the inner por-
tion,
wherein the outer portion has
at least one of a second upper end on which the
first upper end of the inner portion is folded and
a second lower end on which the first lower end
of the inner portion is folded, and
a middle portion that has a seat for supporting
a suspension spring.

2. The shock absorber according to claim 1, wherein
the second lower end of the outer portion has a pair
of substantially parallel brackets that is capable of
being combined with a steering knuckle arm of a front
axle.

3. The shock absorber according to claim 1, wherein
the inner portion has a first protrusion arranged un-
der the first upper end and a second protrusion ar-
ranged over the first lower end.

4. The shock absorber according to claim 3, wherein
the inner portion has a substantially cylindrical shape
and is formed by changing a cross-sectional area
between the first and second protrusions.

5. The shock absorber according to claim 1, wherein

the middle portion has a fixing portion that is capable
of being combined with an anti-roll bar of the front
axle.

6. The shock absorber according to claim 5, wherein a
metal ring having a hole where a screw is capable
of being inserted is installed in the fixing portion.

7. The shock absorber according to claim 1, wherein
the middle portion has a first stiffening rib combined
with a lower surface of the seat.

8. The shock absorber according to claim 2, wherein
the middle portion has a second stiffening rib com-
bined with each of upper portions of the pair of brack-
ets.

9. The shock absorber according to claim 2, wherein
the second lower end of the outer portion has a third
stiffening rib combined with at least one of a gap
between the brackets, a backside of the bracket, and
an upper side of the bracket.

10. The shock absorber according to claim 2, wherein a
metal ring having a hole where a screw is capable
of being inserted is installed in each of the pair of
brackets.

11. The shock absorber according to claim 10, further
comprising a metal reinforcing member that sur-
rounds a part of the second lower end of the outer
portion and is capable of being installed in the brack-
et using at least one of the screws.

12. A front axle for a vehicle, comprising a pair of the
shock absorbers according to claim 1.

13. A vehicle having the front axle according to claim 12.
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