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FIG 3A

formed of a metal material is disclosed. The inner assembly includes a
pressure tube extending between first and second ends, a rod guide dis-
posed adjacent to the first end, a compression valve disposed adjacent to
the second end, a piston assembly disposed between the rod guide and
the compression valve, and a rod operatively attached to the piston as-
sembly and supported by the rod guide. The metal closure insert is oper-
atively attached to the composite base assembly adjacent the rod guide
such that the metal closure insert is at least partially connected to the
composite base assembly. The metal closure insert supports at least one
of the pressure tube and the rod guide with respect to the composite
base assembly.
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SHOCK ABSORBERS HAVING A COMPOSITE BASE ASSEMBLY
WITH AN OVER-MOLDED CLOSURE INSERT

CROSS REFERENCE TO RELATED APPLICATION

{8601} This application claims the benefit of United States Provisional Patent Apphcation
serial number 62/084,779 filed November 26, 2014, the contents of which is incorporated in is

entirety by reference.

BACKGROUND OF THE INVEMNTION

i, Field of the Invention

{B002] The present invention relates generally to shock absorbers, and more specifically,
to shock absorbers having a composite base assembly with an over-molded closure insert.

2. Description of the Related Art

{6003} Conventional shock absorbers known in the related art typically include an outer
tube, a piston assembly, 4 rod, fluid, and ove or more valves, whereby the piston asserubly is
connected to the rod and travels within fluid in the outer tube in operation so as to dampen axial
movement of the rod with respect to the outer tube. To that end, respective opposing ends of the
rod and outer tube arc attached to different members or structures so as to dampen movement
therebetween. By way of example, conventional autowotive suspension systems utilize shock
absorbers in connection with springs to control the suspension damping in compression and
rebound, whereby the shock absorber is typically attached to a knuckle supporting a wheel at one
end, and to a portion of the vehicle’s frame or body at the other end.

{8804] Depending on the application, the shock absorber maay also include an wmner tube
disposed nside the outer tube, wherein the piston assembly is instead supported in the ioner tube.
The shock absorber is scaled at an ond that receives the piston assembly. The inner tube defines a
working chamber filled with fluid through which the piston assembly can move in operation.
Siumilarly, a reservoir chamber s defined in the space between the outer tube and the inver tube.

The reservotr chamber also contains fluid and is in regulated fluid communication with the
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working chamber via one or more valves. The chambers are scaled to prevent the leakage of flnd
therefrom. The outer tube 1s typically manufactured from steel and, consequently, can be heavy.
Since the outer tube is manufactured from steel, the end of the outer tube 1s sealed by known
nmethods, such as crimping or roll forming. The outer tube typically cngages a rod guide assembly
to seal the chambers. In an cffort to reduce the weight of the outer tube, thin-walled steel or
alumiinum may be used. However, 1t will be appreciated that reducing the wall thickness of the
outer tube or using aluminum will reduce the weight, which can lead to reduced strength.

{8005] Composite materials have increasingly been used in automotive applications to
reduce weight, Thus, given the drawbacks of outer tubes manutfactured from steel discussed above,
it 18 desirable to roanufacture the outer tube from a coroposite material. However, it will be
appreciated that composites have significantly different material properties than those of metals.
Particularly, composite materials have a lower stiffness and therefore have greater elongation than
mwetals, Another drawback s the need to seal the shock absorber in such a manuver to prevent fluid
from escaping and to be sufficiently strong to withstand the preloaded forces and the external
forces.

[8086] Typically, shock absorbers arc assembled with an internal preload between the
inner tube and the outer tube, so as to prevent the various components discussed above from
coming lose in operation, and to help keep the piston assembly, rod, inner tube, and outer tube
aligned in operation. Proper alignment ensures reduced friction and low noise in operation. Thus,
it will be appreciated that axial rebound loading of the shock absorber may cause a composite cuter
tube to deforro significantly, such that the preload discussed above would disappear and the various
components could come loose, leading to increased noise and friction as well as decreased
performance and component life.

{8007] Moreover, 1t will be appreciated that the flexibility and clongation of composite
materials inherently makes attachment with roetal coraponents or assemblies more ditheult duning

manufacturing and can necessitate fastening or securing features that are complex and expenstve
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to manufacture. Moreover, all-metal shock absorbers are manufactured with well established
processes, such as roll forming or crivoping, using existing machinery uusuitable for use with
composites. These manufacturing lines are very costly to install and have been developed over
many years of refinement and the prior art composite assemblics do not allow for closure with the
CXISHNY ProCesses.

[B608] Each of the components of a shock absorber of the type described above must
cooperate to effectively dampen axial movement in operation. While shock absorbers known in
the related art have generally performed well for their intended purpose, there remains a need in
the art for a shock absorber that has superior operational characteristics, performs reliably, and
provides advantages relating to decreased weight.

SUMMARY OF THE INVENTION

{6009] The shock absorber of the present invention includes an inner assembly, a
composite base assernbly, and a closure insert formed of a metal material. The mner assembly
includes a pressure tube extending between first and second ends, a rod guide disposed adjacent
to the first end of the pressure tube, a compression valve disposed adjacent to the second end of
the pressure tube, a piston assermbly disposed in the pressure tube between the rod guide and the
compression valve, and a rod operatively attached to the piston assembly and sapported by the rod
guide so as to concentrically align the rod with the pressure tube. The composite base assembly
defines a chamber for at least partially accommodating the inner assembly therein. The metal
closure insert 1s operatively attached to the composite base assembly adjacent the rod guide such
that the metal closure insert is at least partially counected to the composite base assembly. The
metal closure insert supports at least one of the pressure tube and the rod guide with respect to the
composite base assembly.

{3018} The present invention overcomes the disadvantages associated with the related art
shock absorbers. The shock absorber of the present nvention enables a Hght-weight, compostie

base assembly to replace all-metal shock absorbers while, at the same time, maintaining the ability
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to assemble the shock absorber using existing manufacturing processes and  equipment.
Specifically, the metal closure nsert has substantial strength to sealingly close the shock absorber
and prevent any fluid from escaping therein, while simultancously being able to be manufactured
on existing equipment with existing processes.  The metal closure insert 18 secured to the
composite base assembly to withstand puli-out forces encountered during assembly and typical
use of the vehicle.

BRIEF DESCRIPTION OF THE BRAWINGS

{8011} Other objects, features, and advantages of the present invention will be readily
appreciated as the same becomes better understood after reading the subsequent description taken
in connection with the accompanying drawing wherein:

{8612} Figure 1 is an enlarged perspective view of a generic vehicle showing a
conventional suspension system.

{B813] Frgure 2 is a partial sectional side view of a coroer assembly of the suspension
systemy of Figure 1 having a conventional shock absorber.

{6014] Figures 3A and 3B are scctional side views of shock absorbers having an inner
assembly, a composite base assernbly, and a closure mnsert, in assembled configurations.

{80153} Figure 4 15 a sectional side view of a shock absorber according to one embodument
of the present invention having an inner assembly, a composite base assembly, and a closure insert,
in an assembled configuration.

{6016} Figure 5 1s an enlarged side scctional view of the composite base assembly and
closure insert of Figures 3 and 4 10 a pre-assembly configuration.

{8617 Figure 6 is an enlarged side sectional view of another embodiment of the composite
basc assembly and closure insert of Figure 5 in a pre-assembly configuration.

{B018] Figure 7 18 an enlarged side sectional view of yet another embodiment of the

composiie base assembly and closure insert of Figure 5 1u a pre-assembly configuration.
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DETALLED DESCRIPTION OF THE INVENTION

{B019] With reference to the Figures, where like vuroerals are used to designate hke
structure throughout the several views, a portion of a conventional vehicle is illustrated at 10 in
Figure 1. The vehicle 10 includes a body 12 operatively attached to a suspension system 14
detined by four corner assemblies 16, The corner assemblies 16 are cach assigned to a rotatably
supported wheel 18 and are used to control the relative motion between the body 12 and wheels
18 in operation. To that end, the corner assemblies 16 cach typically include a spring 20 to help
absorb impacts, and a shock absorber 22 to help control motion of the spring 20 by damping
movement between the wheel 18 and vehicle body 12,

{B028] As shown 1o Figure 1, the springs 20 are compression springs and can be cither
concentrically aligned around the shock absorber 22, or spaced from the shock absorber 22, Thus,
those having ordinary skill in the art will appreciate that the shock absorber 22 of the present
wvention can be used in connection with any suitable type of spring 20 without departing from
the scope of the present invention. By way of non-limiting example, the spring 20 could be a leaft
spring {(not shown, but generally known in the art). Moreover, given the number of different
suspension systems 14 known i the related art, it will be appreciated that any suitable number of
shock absorbers 22 could be used with any suttable mumber of springs 20, Further, the shock
absorber 22 of the present invention is not limited for use m automotive applications, and could
be used in any suitable application without departing from the scope of the present invention. By
way of non-limiting example, the shock absorber 22 of the present invention could be used in
connection with passenger or comroercial vebicles, motoreycles, all-terrain vehicles, lawo care
equipment, heavy-duty trucks, trams, airplanes, ships, construction vehicles and equipment,
military vehicles, or any other suitable application, suspension-based or otherwise, without
departing from the scope of the present mvention,

{6621} Referning vow to Figure 2, a partial sectional view of a conventional corner

assembly 16 of a vehicle suspension system 14 is shown for exemplary purposes. Those having
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ordinary skill in the art will recognize the corner asserubly 16 depicted in Figure 2 as a MacPherson
strut systern, which includes a strut-type shock absorber 22 used to control movement between the
vehicle body 12 and wheel 18 (not shown in Figure 2). The shock absorber 22 is typically mounted
between a top mount assembly, generally indicated at 24, and a knuckle 26. The top mount
assembly 24 mounts to the body 12 of the vehicle 10 and helps support the spring 20, as described
in greater detail below. The knuckle 26 typically includes a rotatably supported hub and bearing
assembly 28, to which the wheel 18 is operatively attached. The knuckle 26 is also typically
connected to a ball joint 30 mounted to a lower control arm 32 which, in turn, is pivotally supported
by a frame member 34 of the vehicle. A continuously-variable joint member 36 translates
rotational torque from a transmission (not shown, but generally known in the art) to the wheel 18
via the hub and bearing assembly 28, Thus, the wheel I8 can rotate in operation to drive the
vehicle 10, and the suspension system 14 described above absorbs impacts and allows the wheel
18 to move with respect to the body 12,

{8022] The strut-type shock absorber 22 shown in Figure 2 includes a composite base
assembly 38 and a rod 40 concenirically-aligned with and supported within the composite base
assembly 38 as described in greater detail below. The rod 40 typically includes a stepped and
threaded end 42 adapted to secure the shock absorber 22 to the top mount assembly 24 with a nut
44. However, it will be appreciated that the shock absorber 22 could be operatively attached to
the top mount assembly 24, or to any suitable portion of the vehicle 10, or to any suitable member
frrespective of the application, 1 any suitable way, without departing frorm the scope of the present
wvention. The top mount assembly 24 allows the strut 22 and kouckle 26 to rotate such that the
wheel 18 can be turned as the vehicle 10 18 driven.

{8023} The composite base assembly 38 has a mounting portion 46 adapted to attach the
shock absorber 22 to the knuckle 26, and a spring seat 48 adapted to support the spring 20. While
the composite base asserably 38 depicted in Figure 2 is attached to the kouckle 26 with two bolts

50, those having ordinary skill in the art will appreciate that the composite base assembly 38 of
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the shock absorber 22 could be operatively attached to any suitable portion of the vehiele 10, or to
auy suitable member, in any suitable way, without departing from the scope of the present
invention. Similarly, while the composite base assembly 3% depicted in Figure 2 inclades a spring
scat 4%, those having ordinary skill in the art will appreciate that the composite base assembly 38
of the shock absorber 22 could be configured to support the spring 20 in any suitable way, or not
at all, without departing from the scope of the present wvention.

{8024] Referrmg now to Figures 3A, 3B, and 4, various embodiments of the shock
absorber 22 of the presentation are shown. As will be appreciated from the discussion that follows,
common reference will be made to the various components of the shock absorbers 22 for the
purposes of clarity and consistency. The shock absorber 22 of the present invention includes an
inner assembly 32 and the composiic base assembly 38, The inner assembly 52 and composite
base assembly 3¥ cooperate as described in greater detail below to define what is sometimes
referred to i the related art as a “double tube” shock absorber 22, The inner assembly 52 includes
a pressure tube 54, a rod guide 56, a compression valve 58, a piston assembly 60, and the rod 40
discussed above. The shock absorber 22 of the present invention also includes a closure insert 62
formed ot a metal material operatively attached to the composite base asserably 38,

{8023} The pressure tube 54 of the inner asserobly 52 extends between opposing first and
second ends 64, 66, The rod guide 56 ts disposed adjacent to the first end 64 of the pressure tube
54 and is used to concentrically align and constrain both the pressure tube 54 and the rod 40. The
rod guide 56 typically defines a lower step 68 operatively engaged to the first end 64 of the pressure
tube 34. Move specifically, the lower step 68 cogages both an wside surface 70 of the pressure
tube 54 as well as the first end 64 of the pressure tube 54. However, those having ordimary skil
in the art will appreciate that the rod guide 56 could be formed, shaped, or otherwise configured
in any suitable way without departing from the scope of the present ivention. Further, the rod
guide 56 helps seal the shock absorber 22 so as to prevent escape of flnd (not showu, but typically

realized as a non-compressible oily as well as to block contaminants and debris from entering. The
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rod guide 536 is typically operatively attached to the metal closure insert 62 which, simlarly, is
operatively attached to the composite base asserubly 38 as described n greater detail below. The
rod guide 56 is typically concentrically aligned with the metal closure insert 62 and may be
operatively attached thereto in any suitable way.

[8026] The metal closure insert 62 could be crimped to a slot 72 disposed in the rod guide
56 (see Figures 3A and 3B), or could be rolled {or “spun”) onio a top surface 74 of the rod guide
56 (see Figure 4) with the rod guide 56 also axially supported by the composite base assembiy 38.
Nevertheless, it will be appreciated that the rod guide 56 can be configured to attach to the
composite base asserably 38 or the metal closure tnsert 62 in any suitable way without departing
from the scope of the present invention,

{8027] The mner assembly 52 also includes a compression valve 58 disposed adjacent to
the second end 66 of the pressure tube 54, and the piston assembly 60 disposed in the pressure
tube 54 between the vod guide 56 and the corapression valve SR, with the rod 40 operatively
attached to the piston assembly 60 and supported by the rod guide 56 as discussed above. Both
the piston assembly 60 and the compression valve 58 typically inchude valving, generally indicated
at 76, to control the flow of fluid in operation. The pressure tube 54 defines a working chamber
78 i which the piston asserably 60 travels. The piston asserably 60 separates the working chamber
78 into an upper working chamber 80 disposed between the rod guide 56 and the piston assembly
60, and a lower working chamber 82 disposed between the piston assembly 60 and the compression
valve 58, The rod 40 extends through the upper working chamber 80, but not the lower working
chamber 82, thereby creating a differential voluroe of fhnd to be displaced as the piston assembly
60 travels within the pressure tube 54,

{B028] The pressure tube 54 of the inner assembly 52 13 substantially disposed within the
composite base asscmbly 38, To that end, the composite basc assembly 38 terminates at a floor
86 and bas a wall BR cxtending therefrom to define a chamber 84 for at least parhally

accommodating the inner asserably 52 therein. The second end 66 of the pressure tube 34 may be
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spaced from the floor 86, as shown in Figures 3A and 4. In such crobodiments, the compression
valve 58 may be further secured imto the second end 66 of the pressure tube 54 by a wechanical
connection, such as welding or crimaping, if needed. The chamber 84 is larger in diameter thau the
pressure tube 54 of the inner assembly 52, defining a reservoir chamber 90 between the chamber
84 and the pressure tube 54, The reservoir chamber 90 s 1n fluid communication with the working
chamber 78 of the pressure tube 54 and s adapted to store additioval fluid necessitated by the
differential volume of fhuid caused by the presence of the rod 40 in the upper working chamber R0
of the pressure tube 54, as discussed above. While the chamber 84 of the composite base assembly
38 has g cylindrical profile, those having ordinary skill in the art will appreciate that the chamber
84 could have any suitable profile or shape, or be of any suitable size or configuration sufficient
to at least partially accommodate the inner assembly 52, without departing from the scope of the
present invention. Figure 3B shows another embodiment of the subject invention having the
compression valve 38 1o contact with the floor and the second end 66 of the pressure tube 54
abutting the compression valve 58.

{6029] As shown best in Figures 34, 3B, and 4, in one embodiment, the composite base
assembly 38 may include a lower clement 92 disposed adjacent to the floor 86 that partially
engages the second end 66 of the pressure tube 54 of the tinner assembly 52 and may define at least
one gap 94 for facilitating fluid communication between the pressure tube 54 and the chamber 84.
The lower element 92 maintains the alignment between the inner assembly 52 and the composite
basc assembly 38 as described in co-pending U.S. Provisional Application No. 62/084,771, which
ts incorporated herein by reference. The gap 94 allows fluid to flow frowm the lower working
chamber 82 of the pressure tube 54, via the compression valve 58, to the reservoir chamber 90
discussed above. The lower element 92 is formed as a plurality of radially-spaced retainers 96.

{8036] The composite base assembly 38 of the present invention supports the inner
assembly 52 and 1s formed frovo a composite material. In the erabodiment shown herein, the

composite base assembly 38 of the shock absorber 22 of the present invention is a unitary, one-
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piece component manufactured from g thermoscetting fiber-filled polymer. More specifically, the
thermoset material has glass filler strands approximately 1.5-3.0CM 1u length. By way of non-
Hmiting example, vinylester resin with 35 to 40% glass fiber may be used. However, those having
ordinary skill in the art will appreciate that the composite base assembly 38 could be manufactured
from any suitable composite material, using any suitable tyvpe or amount of reinforcing fiber or
filler, using any suitable manufacturing process, without departing from the scope of the present
tvention.  Similarly, it will be appreciated that the composite base assembly 38 could be
manufactured as or from any suitable number of discrete or congruent merging components,
structures, or featurcs, operatively attached to cach other in any suitable way, without departing
from the scope of the present invention,

{8631} Those having ordinary skill in the art will appreciate that conventional composite
materials of the kind used to manufacture the composite base assembly 38 typically have
significantly different properties than those of the metals used to wanufacture the cormponents of
the tnner assembly 52, as discussed above. As shown in Figures 3-7, the metal closure insert 62
is operatively attached to the composite base assembly 38 adjacent to a proximal surface 100, The
composite basc assembly 38 18 manutfactured by applying composite material around the metal
closure insert 62, which subsequently cures, sets, or otherwise hardens around the metal closure
insert 62 such that the metal closure insert 62 is prevented from translating with respect to the
composite base assembly 38. The steel insert 62 is placed in the mold before closing and then held
i1 place during the resin injection and curing process.

{8832} The metal closure msert 62 supports at least one of the pressure tube 54 and the vod
guide 56 with respect to the composite base assembly 38, As noted above, the metal closure insert
62 is configured to be attached to, or engage, the rod guide 56 by any suitable known industrial
process, such as those conventionally used to assernble all-metal shock gbsorbers 22, Spectfically,
the roetal closure nsert 62 way be mechanically erivaped or spun afier the inner assembly 32 is

mstalled (compare Figure 4 to Figures 3A and 3B}, which secures the rod guide 56 in place.

ig
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However, those having ordinary skill in the art will appreciate that the metal closure insert 62
could be operatively attached to any other suitable part of the shock absorber 22, in any suitable
way, without departing from the scope of the present invention.

{6033} Referring now to Figures 5, in one embodiment, the metal closure insert 62 has a
cylindrical profile and is aligned concentrically to the composite base assembly 38 such that the
metal closure tnsert 62 is at least partially connected to the comaposite base assembly 38, The metal
closure insert 62 is embedded into the composite base assembly 38 such that one end remains
exposed while the other end is disposed within the composite base assembly 38, In one method,
the metal closure insert 62 1s molded into the composite base assembly 38, while the cornposite
base assembly 38 1s being formed, such that the metal closure insert 62 is disposed above and
below the proximal surface 100 of the composite base assembly 38. The metal closure insert 62
has an upper attachiment portion 102, which is exposed, and a lower embedded portion 104, which
is disposed 1o the composite base assembly 28,

[8034] With reference to Figure 6, the composite base assembly 38 may be formed to
include an upper support section 106 adjacent the proximal surface 100 to cooperate with the lower
mating portion 104 of the metal closure insert 62. The upper support section 106 has a wall
thickness greater than the wall 88 of the corposite base asserobly 38, As shown, the upper support
section 106 of the composite base assembly 38 has a tapered profile. The additional composite
material in the upper support section 106 provides additional strength for the closure insert 62.

{6033} In Figures 6 and 7, the lower mating portion 104 of the metal closure insert 62 may
include a retention featare 108 to strengthen the connection to the composite base assembly 38,
The retention feature 108 can be realized in a number of different ways, depending on the specific
application of the shock absorber 22. By way of non-limiting example, the retention feature 108
could be formed as a hip 110 (see Figure 6) or wave or ribs 112 (see Figure 7). The retention feature
108 permits the metal closure insert 62 to have sirengths coroparable to all-metal base assemblies.

In other words, the closure insert 62 should withstand typical forces that a vebicle would be

it
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expected to encounter. It will be appreciated that the metal closure insert 62 and retention feature
108 can cooperate with the compeosite base assermbly 38 to enable the use of differently designed
inner assemblies 52 or components thereof. Specifically, as shown i Figure 6, the lip 110
retention feature 108 can be configured such that the metal closure insert 62 is sized to the chamber
84 of the composite base asserubly 38, thereby providing a substantially scamless transition
between wetal and composite adjacent the chamber 84, Nevertheless, those having ordinary skill
tn the art will appreciate that the retention feature 108 of the metal closure msert 62 could be
formed in any suitable way, or could be omitted entirely, without departing from the scope of the
present invention.

{6836] The subject invention provides the retention feature 108 that achieves acceptabie
results and meets the demanding requirements, while stili remaining cost effective. The acceptable
results can be demonstrated by Finite Element Analysis comparing the strength of the retention
feature 108, While the strength must be sufficient to withstand typical forces encountered by the
vehicle, it has been advantageously determined that 25kN is one particular target strength that the
metal closure insert 62 with retention feature 108 should withstand. The test applics a force to the
metal closure nsert 62 longitudinally to the composite base asserably 38 while supporting the
bottom of the compostie base asserobly 38, The strength voeasured 1s the amount of force apphied
until the metal closure insert 62 fails. The embodiments disclosed in the Figures exceeded 25kN
and showed strengths of from 32-40 kN,

{8037] The various components of the shock absorber 22 of the present mvention
cooperate to effectively dampen axial movernent 1o operation. Moreover, the metal closure insert
62 of the present invention allows shock absorbers 22 with composite base assemblies 38 to be
assembled using industrial machinery and processes used in connection with conventional all-
metal shock absorbers 22, Further, the shock absorber 22 of the present invention significantly
reduces the weight of suspeusion systems 14, in that light-weight composite materials can be used

to manufacture shock absorbers 22. Another advantage is that other components, such as a spring
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scat or a bracket can be molded together with the composite base asserably instead of made
separately and then joined (welded, or press {itted) to the base assembly.

[6838] The mvention has been described in an iHustrative manner. It is to be understood
that the terminology which has been used is intended to be in the nature of words of description
rather than of lirnitation. Many modifications and variations of the invention are possible in light
of the above teachings. Therefore, within the scope of the appended claims, the invention may be

practiced other than as specifically described.
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CLAIMS

What 1s claimed 1s:
1. A shock absorber comprising:
an inner assembly including:
a pressure tube extending between first and sccond ends,
a rod guide disposed adjacent to said first end of said pressure tube,
a compression valve disposed adjacent to said second end of said pressure tube,
a piston assembly disposed in said pressure tube between said rod guide and said
cornpression valve, and
a rod operatively attached to said piston assembly and supported by said rod gde
so as to concentrically align said rod with said pressure tube;

a composite base assembly having a floor and a wall extending from said floor defining a
chamber for at least partially accommodating said juner asserubly therein and being forroed of a
composite material; and

a closure insert formed of a metal material and operatively attached to said composite base
assermbly such that said metal closure mmsert 1s at least partially connected to said composite base
assembly, said metal closure insert securing at least one of said pressure tube and said rod guide
with respect to said composite base assembly.

2. The shock absorber as sct forth in claim 1, wherein said metal closure insert has one end
disposed within said composite basc assembly and another end extending from said cornposite
base asserobly for securing to said at least on of said pressure tube and said rod guide.

3. The shock absorber as set forth in claim 2, wherein said metal closure insert is overmoulded
into said composite base assembly.

4, The shock absorber as set forth n claim 2, wherein said metal closure msert 1s embedded

into said corposite base assembly.
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5. The shock absorber as set forth in claim 1, wherein said metal closure insert imcludes a
vetention feature disposed at least partially within said compostie base assembly adjacent to said
rod guide.
6. The shock absorber as set forth in claim 5, wherein said retention feature is further
defined as a lower lip extending outwardly from said metal closure insert.
7. The shock absorber as set forth in claiva 3, wherein said retention feature is further
defined as a wave,
&. The shock absorber as set forth in claim 5 wherein said closure insert 1s concentrically
aligned with said composite base assembly.
9. The shock absorber as set forth 1u claim S, wherein said composite base assembly further
inchudes an upper support section adjacent said retention feature.
10.  The shock absorber as sct forth in claim 9, wherein said upper support section has a
tapered profile.
11, The shock absorber as set forth in claim 9, wherein said upper support section has a
thickness larger than said wall extending from said floor.
12 The shock absorber as set forth in claim 1, wherein said mectal closure insert is made from
a ductile metal.
13. The shock absorber as set forth in claim 12, wherein said ductile metal is one of a steel
alloy, stainless steel, or aluminum.
14, A composite base assembly comprising:

a floor;

at least one wall extending from said floor defining a chamber for at least partially
accommodating an inner assembly therein and being formed of a composite material; and

a closure msert formed of a roctal material and operatively attached to said coraposite base

assembly having one end at least partially connected to said composite base assembly and another
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end extending theretrom for engaging a rod guide such that said mctal closure msert is capable of
sealingly closing said charober when engaging the rod guide.

15, The composite base assembly as set forth in claim 14, wherein said metal closure insert ts
overmouided into said wall.

16.  The coraposite base assembly as set forth 1n claim 14, wherein said metal closure insert is
embedded into said wall.

17.  The compostic base assembly as set forth in claim 14, wherein said metal closure insert
includes a retention feature disposed at least partially within said composite base assembly for
sccuring thereto.

18 The composite base assembly as set forth in claim 17, wherein said retention feature is
further defined as a lower lip extending outwardly from said closure imsert.

19.  The composite base assembly as set forth in claim 17, wherein said retention feature is

further defined as a wave,
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