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A SUSPENSION DAMPER ASSEMBLY

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates generally to a suspension damper assembly

for use in an automotive shock absorber and a method for assembling the suspension damper.
Description of the Prior Art

[0002] A suspension damper of the type to which the subject invention pertains is
illustrated in U.S. Pat. App. No. 2003/0019701 filed by Hodgson wherein an outer tube of
cylindrical shape defines an outer tube inner wall and an outer tube outer wall and the outer tube
extends concentrically about a center axis between an open end and a closed end. An inner tube
of cylindrical shape defines an inner tube inner wall and an inner tube outer wall, the inner tube
being disposed concentrically about the center axis and within the outer tube along the center
axis between a first end and a second end. An annular flange disposed on the open end of the
outer tube extends radially inwardly toward and perpendicular to the center axis to define an
opening to the inner tube at the first end thereof.

[0003] The application further discloses the inner tube inner wall being spaced
radially from the center axis to define a hydraulic chamber of cylindrical shape, and the inner
tube outer wall being spaced radially from the outer tube inner wall to define a diaphragm
chamber of cylindrical shape between the inner tube outer wall and the outer tube inner wall, A
diaphragm of cylindrical shape is disposed concentrically between the inner tube outer wall and
the outer tube inner wall along the center axis to divide the diaphragm chamber into a high

pressure gas chamber disposed between the diaphragm and the inner tube outer wall and a fluid
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chamber disposed between the diaphragm and the outer tube inner wall. A gas charge seal is
disposed annularly in the high pressure gas chamber to engage the inner tube outer wall and the
outer tube inner wall at the second end of the inner tube.

[0004] The application further discloses a cap engaging the closed end of the
outer tube to seal the closed end and an inner tube base of cylindrical shape defines an outer
periphery disposed in the first end of the inner tube to engage the cap at the closed end of the
outer tube. The inner tube base defines a central cavity of hollow cylindrical shape disposed
concentrically in the inner tube base and open to the hydraulic chamber and closed by the cap.
The inner tube base further defines a plurality of radially disposed channels extending
perpendicular to the center axis between the central cavity and the fluid chamber for establishing
fluid communication between the hydraulic chamber and the fluid chamber.

[0005] The application further discloses a piston disposed in sliding and sealing
engagement with the inner tube inner wall in the hydraulic chamber, a rod guide of cylindrical
shape defining an axial bore is disposed in the open end and in sealing engagement with the
inner tube inner wall, and a piston rod extends along the center axis and through the bore in the
rod guide and connects to the piston for movement therewith. The U.S. Patent No. 7,226,045 to
Brookes discloses an inner clamp of annular shape holding the diaphragm radially inwardly into
sealing engagement with the inner tube outer wall.

[0006] The 1.S. Pat. No. 4,392,293 to Yamaguchi et al. discloses a method of
assembly of a diaphragm apparatus comprising the steps of disposing one end of the diaphragm
over the first end of the inner tube, sealing the diaphragm to the inner tube outer wall adjacent

the first end thereof to define an inner seal, rolling the diaphragm over the inner seal and towards
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the second end of the inner tube, and finally inserting the inner tube and the diaphragm into the

open end of the outer tube.

SUMMARY OF THE INVENTION AND ADVANTAGES

[0007] The subject invention provides such an assembly wherein the diaphragm
extends from under the inner clamp and through a ‘U’ shaped turn back toward the open end
along outer tube inner wall and an upper clamp of annular shape holds the diaphragm into the
outer tube inner wall to seal the diaphragm to the outer tube immer wall. The invention also
provides a method of assembling such a damper by sealing the diaphragm to the outer tube inner
wall adjacent to the second end of the inner tube.

[0008] The subject invention provides for a damper assembly having improved
packaging and without any remote reservoir. Additionally, the high pressure gas chamber can be

filled after the damper apparatus has been assembled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other advantages of the present invention will be readily appreciated, as
the same becomes better understood by reference to the following detailed description when
considered in connection with the accompanying drawings wherein:

[0010] FIG. 1 is a front elevational view showing the suspension damper
assembly of the subject invention;

[0011] FIG. 2 is a cross-sectional top view of the suspension damper assembly of
the subject invention along line 2--2; and

[0012] FIG. 3 is a top cross-sectional view of the gas charge seal.
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DETAILED DESCRIPTION OF THE ENABLING EMBODIMENTS

[0013] Referring to the Figures, wherein like numerals indicate corresponding
parts throughout the several views, a suspension damper assembly for an automotive shock
absorber constructed in accordance with the subject invention is shown generally in FIGS. 1 and
2.

[0014] A suspension damper for an automotive shock absorber includes an outer
tube 20 generally having a cylindrical shape defining an outer tube inner wall 22 and an outer
tube outer wall 24. The outer tube 20 extends concentrically about a center axis A between an
open end 26 and a closed end 28. An inner tube 30 generally having a cylindrical shape defining
an inner tube inner wall 32 and an inner tube outer wall 34 is disposed concentrically inside the
outer tube 20 along the center axis A between a first end 36 and a second end 38. The outer tube
20 has an annular flange 40 disposed on the open end 26, and the annular flange 40 extends
radially inwardly toward and perpendicular to the center axis A to define an opening to the inner
tube 30 at the first end 36 thereof.

[0015] The inner tube inner wall 32 is spaced radially from the center axis A
defining a hydraulic chamber 42 generally having a cylindrical shape. The inner tube outer wall
34 is spaced radially from the outer tube inner wall 22 defining a diaphragm chamber 44 of
cylindrical shape. A diaphragm 46 generally having a cylindrical shape is disposed
concentrically between the inner tube outer wall 34 and the outer tube inner wall 22 along the
center axis A inside the diaphragm chamber 44. The diaphragm 46 divides the diaphragm

chamber 44 into two separate chambers, a high pressure gas chamber 48 disposed between the
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diaphragm 46 and the inner tube outer wall 34 and a fluid chamber 50 disposed between the
diaphragm 46 and the outer tube inner wall 22. Alternatively, instead of rubber, the diaphragm
46 could be made of any other gas impermeable elastomer.

[0016] A gas charge seal 52 generally having a ‘S’ shape is disposed annularly in
the high pressure gas chamber 48 and abuts the annular flange 40. In an embodiment, the gas
charge seal is an o-ring or other seal ring. The gas charge seal 52 engages the inner tube outer
wall 34 and the outer tube inner wall 22 at the second end 38 of the inner tube 30. The ‘S’ shape
of the gas charge seal 52 defines an inward groove 54 opening annularly to the inner tube outer
wall 34 as well as an outward groove 36 opening annularly to the outer tube inner wall 22. A
first annular seal 58 is disposed in the inward groove 54 in sealing engagement with the inner
tube outer wall 34, and a second annular seal 60 is disposed in the outward groove 56 in sealing
engagement with the inner tube outer wall 34,

[0017] A cap 62 engages the closed end 28 of the outer tube 20, sealing the closed
end 28 of the outer tube 20, An inner tube base 64 of cylindrical shape defines an outer
periphery 66 being disposed in the first end 36 of the inner tube 30 and engages the cap 62 at the
closed end 28 of the outer tube 20. The inner tube base 64 defines an annular shoulder 68
receiving and abutting the first end 36 of the inner tube 30 with the outer periphery 66 of the
inner tube base 64 being concentric with the inner tube outer wall 34, The inner tube base 64
further defines a central cavity 70 of hollow cylindrical shape being disposed concentrically in
the inner tube base 64. The inner tube base 64 allows fluid communication between the
hydraulic chamber 42 and the fluid chamber 50 by use of a plurality of radially disposed

channels 72 extending perpendicular to the center axis A between the central cavity 70 and the



10

15

20

WO 2013/177844 PCT/CN2012/078182

fluid chamber 50. The inner tube base 64 is closed and sealed by the cap 62. Alternatively,
instead of using the cap 62, a base cup could be used.

[0018] A piston 74 is disposed in sliding and sealing engagement with the inner
tube inner wall 32 within the hydraulic chamber 42, and a rod guide 76 of cylindrical shape
defines an axial bore 78 being disposed in the open end 26. The rod guide 76 is in a sealing
engagement with the inner tube inner wall 32, with a piston rod 80 connected to the piston 74
and extending along the center axis A and through the bore in the rod guide 76.

[0019] A lower mounting member 82 with a ring shape is disposed along the
center axis A on the closed end 28 of the outer tube 20 and connected to the cap 62. The lower
mounting member 82 receives a mounting device. An upper mounting member 86 with a ring
shape is disposed along the center axis A on the piston rod 80 receiving a mounting device. In
an embodiment, the upper mounting member 86 can be secured to the piston rod 80 by screwing
or welding the upper mounting member 86 to the piston rod 80.

[0020] The diaphragm 46 is held in place radially inwardly by an inner clamp 88
of annular shape in a sealing engagement with the inner tube outer wall 34. The inner clamp 88
axially overlaps the first end 36 of the inner tube 30 and the tube base at the shoulder 68 of the
inner tube base 64. A radially inwardly disposed waist 90 defines an annular projection of the
outer tube 20 extending radially inwardly to define a sealing surface 92 adjacent to the open end
26 of the outer tube 20. The diaphragm 46 extends from under the inner clamp 88 and through a
‘U’ shaped turn back toward the open end 26 along outer tube inner wall 22 and over the waist
90. An upper clamp 94 of annular shape axially aligns with the waist 90 and holds the
diaphragm 46 into the waist 90 of the outer tube inner wall 22, sealing the diaphragm 46 to the

outer tube inner wall 22.
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[0021] The subject invention also includes a method for assembling a suspension
damper for an automotive shock absorber comprising a first step of pressing the inner tube 30
onto the inner tube base 64 containing the central cavity 70 about the first end 36 of the inner
tube 30, fitting one end of the diaphragm 46 over the inner tube outer wall 34 about the first end
36 of the inner tube 30. The fabrication continues by sealing the diaphragm 46 to the inner tube
outer wall 34 adjacent the first end 36 by use of an inner clamp 88 defining an inner seal placed
on the shoulder 68 between the inner tube 30 and the inner tube base 64. This seals the high
pressure gas chamber 48 about the first end 36 of the inner tube 30.

[0022] The diaphragm 46 is then pulled or rolled up the inner tube outer wall 34
over the inner clamp 88 and towards the second end 38 of the inner tube 30. The inner tube 30
the inner tube base 64 and the secured diaphragm 46 are inserted into the open end 26 of the
outer tube 20. The closed end 28 of the outer tube 20 engages the cap 62, sealing the closed end
28 of the outer tube 20.

[0023] The upper clamp 94 is lowered into the diaphragm chamber 44 from the
open end 26 of the outer tube 20 between the diaphragm 46 and the inner tube outer wall 34.
The upper clamp 94 is fitted to the diaphragm 46, separating the high pressure gas chamber 48
from the fluid chamber 50 inside the diaphragm chamber 44. A crimp force is applied to the
outer tube outer wall 24 compressing the outer tube 20 and diaphragm 46 against the upper
clamp 94 sealing the high pressure chamber at the open end 26. The crimp force creates the

waist 90 in the outer tube 20 about the open end 26.

[0024] The piston 74 and piston rod 80 are installed in the inner tube inner wall
32 and the hydraulic chamber 42 is filled with a hydraulic fluid. The rod guide 76 is installed

over the piston rod 80 and encloses the hydraulic chamber 42. The high pressure gas chamber 48
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is charged with a high pressure fluid then sealed by securing a gas charge seal 52 to the open end
26 of the diaphragm chamber 44. In an embodiment, the high pressure fluid is nitrogen, The
diaphragm chamber 44 is then closed by rolling the annular flange 40 of the outer tube 20
inwardly to abut the inner tube 30 and the gas charge seal 52.

[06025] Obviously, many modifications and variations of the present invention are
possible in light of the above teachings and may be practiced otherwise than as specifically
described while within the scope of the appended claims. The use of the word "said" in the
apparatus claims refers to an antecedent that is a positive recitation meant to be included in the
coverage of the claims whereas the word "the" precedes a word not meant to be included in the

coverage of the claims.
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ELEMENT LIST
Element Symbol Element Name
A center axis
20 outer tube
22 outer tube inner wall
24 outer tube outer wall
26 open end
28 closed end
30 inner tube
32 inner tube inner wall
34 inner tube outer wall
36 first end
38 second end
40 annular flange
42 hydraulic chamber
44 diaphragm chamber
46 diaphragm
48 high pressure gas chamber
50 fluid chamber
52 gas charge seal
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54 inward groove

56 outward groove

58 first annular seal

60 second annular seal

62 cap

64 inner tube base

66 outer periphery

68 shoulder

70 central cavity

72 channels

74 piston

76 rod guide

78 axial bore

80 piston rod

82 lower mounting member
86 upper mounting member
88 inner clamp

90 waist

92 sealing surface

94 upper clamp
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WHAT IS CLAIMED IS:
1. A suspension damper assembly for an automotive shock absorber comprising;

an outer tube of cylindrical shape having an outer tube inner wall and an outer
tube outer wall and extending concentrically about a center axis between an open end and a
closed end,

an inner tube of cylindrical shape having an inner tube inner wall and an inner
tube outer wall and disposed concentrically about said center axis and disposed concentrically in
said outer tube along said center axis between a first end and a second end,

an annular flange disposed on said open end of said outer tube extending radially
inwardly toward and perpendicular to said center axis to define an opening to said inner tube at
said first end thereof,

said inner tube inner wall being spaced radially from said center axis to define a
hydraulic chamber of cylindrical shape,

said inner tube outer wall being spaced radially from said outer tube inner wall to
define a diaphragm chamber of cylindrical shape between said inner tube outer wall and said
outer tube inner wall,

a diaphragm of cylindrical shape disposed concentrically between said inner tube
outer wall and said outer tube inner wall along said center axis for dividing said diaphragm
chamber into a high pressure gas chamber disposed between said diaphragm and said inner tube
outer wall and a fluid chamber disposed between said diaphragm and said outer tube inner wall,

a gas charge seal disposed annularly in said high pressure gas chamber engaging
said inner tube outer wall and said outer tube inner wall at said second end of said inner tube,

a cap engaging said closed end of said outer tube for sealing said closed end,



10

15

20

12

WO 2013/177844 PCT/CN2012/078182

an inner tube base of cylindrical shape defining an outer periphery disposed in
said first end of said inner tube and engaging said cap at said closed end of said outer tube,

said inner tube base defining a central cavity of hollow cylindrical shape disposed
concentrically in said inner tube base and open to said hydraulic chamber and closed by said cap
and defining a plurality of radially disposed channels extending perpendicular to said center axis
between said central cavity and said fluid chamber for establishing fluid communication between
said hydraulic chamber and said fluid chamber,

a piston disposed in sliding and sealing engagement with said inner tube inner
wall in said hydraulic chamber,

a rod guide of cylindrical shape defining an axial bore and disposed in said open
end and in sealing engagement with said inner tube inner wall,

a piston rod extending along said center axis and through said bore in said rod
guide and connected to said piston for movement therewith,

an inner clamp of annular shape holding said diaphragm radially inwardly into
sealing engagement with said inner tube outer wall,

said diaphragm extending from under said inner clamp and through a ‘U’ shaped
turn back toward said open end along outer tube inner wall,

an upper clamp of annular shape for holding said diaphragm into said outer tube

inner wall for sealing said diaphragm to said outer tube inner wall.

2. An assembly as set forth in claim 1 further including a radially inwardly disposed

waist defining an annular projection of said outer tube extending radially inwardly to define a
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sealing surface adjacent to said open end of said outer tube and said upper clamp being axially

aligned with said waist for holding said diaphragm into said waist,

3. An assembly as set forth in claim 1 further including an annular shoulder
receiving and abuiting said first end of said inner tube with said outer periphery of said inner

tube base being concentric with said inner tube outer wall.

4. A suspension damper assembly for an automotive shock absorber comprising;

an outer tube of cylindrical shape having an outer tube inner wall and an outer
tube 6uter wall and extending concentrically about a center axis between an open end and a
closed end,

an inner tube of cylindrical shape having an inner tube inner wall and an inner
tube outer wall and disposed concentrically about said center axis and disposed concentrically in
said outer tube along said center axis between a first end and a second end,

an annular flange disposed on said open end of said outer tube extending radially
inwardly toward and perpendicular to said center axis to define an opening to said inner tube at
said first end thereof,

said inner tube inner wall being spaced radially from said center axis to define a
hydraulic chamber of cylindrical shape,

said inner tube outer wall being spaced radially from said outer tube inner wall to

define a diaphragm chamber of cylindrical shape between said inner tube outer wall and said

outer tube inner wall,
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a diaphragm of cylindrical shape disposed concentrically between said inner tube
outer wall and said outer tube inner wall along said center axis for dividing said diaphragm
chamber into a high pressure gas chamber disposed between said diaphragm and said inner tube
outer wall and a fluid chamber disposed between said diaphragm and said outer tube inner wall,

a gas charge seal disposed annularly in said high pressure gas chamber and having
an ‘S’ shape abutting said annular flange and engaging said inner tube outer wall and said outer
tube inner wall at said second end of said inner tube,

said ‘S’ shape of said gas charge seal defining an inward groove opening
annularly to said inner tube outer wall and an outward groove opening annularly to said outer
tube inner wall,

a first annular seal disposed in said inward groove in sealing engagement with
said inner tube outer wall,

a second annular seal disposed in said outward groove in sealing engagement with
said inner tube outer wall,

a cap engaging said closed end of said outer tube for sealing said closed end,

an inner tube base of cylindrical shape defining an outer periphery disposed in
said first end of said inner tube and engaging said cap at said closed end of said outer tube and
defining an annular shoulder receiving and abutting said first end of said inner tube with said
outer periphery of said inner tube base being concentric with said inner tube outer wall,

said inner tube base defining a central cavity of hollow cylindrical shape disposed
concentrically in said inner tube base and open to said hydraulic chamber and closed by said cap

and defining a plurality of radially disposed channels extending perpendicular to said center axis
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between said central cavity and said fluid chamber for establishing fluid communication between
said hydraulic chamber and said fluid chamber,

a piston disposed in sliding and sealing engagement with said inner tube inner
wall in said hydraulic chamber,

a rod guide of cylindrical shape defining an axial bore and disposed in said open
end and in sealing engagement with said inner tube inner wall,

a piston rod extending along said center axis and through said bore in said rod
guide and connected to said piston for movement therewith,

a lower mounting member having a ring shape disposed along center axis on said
closed end connected to said cap for receiving a mounting device,

an upper mounting member having a ring shape disposed along center axis on
said piston rod for receiving a mounting device,

an inner clamp of annular shape holding said diaphragm radially inwardly into
sealing engagement with said inner tube outer wall,

said inner clamp axially overlapping said first end of said inner tube and said tube
base at said shoulder,

a radially inwardly disposed waist defining an annular projection of said outer
tube extending radially inwardly to define a sealing surface adjacent to said open end of said
outer tube,

said diaphragm extending from under said inner clamp and through a ‘U’ shaped

turn back toward said open end along outer tube inner wall and over said waist,
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an upper clamp of annular shape axially aligned with said waist for holding said
diaphragm into said waist of said outer tube inner wall for sealing said diaphragm to said outer

tube inner wall.

5. A method for assembling a suspension damper utilizing an inner tube, an outer
tube, a diaphragm chamber disposed between the inner tube and the outer tube, a diaphragm
disposed in the diaphragm chamber separating the diaphragm chamber into a high pressure gas
chamber and a fluid chamber, said method comprising the steps of}

disposing one end of the diaphragm over a first end of the inner tube,

sealing the diaphragm to the exterior of the inner tube adjacent the first end
thereof to define an inner seal,

rolling the diaphragm over the inner seal and towards a second end of the inner
tube,

inserting the inner tube and the diaphragm into the open end of the outer tube,

sealing the diaphragm to the interior of the outer tube adjacent to the second end

of the inner tube.

6. A method as set forth in claim 5 including applying a crimp force to the outer tube
outer wall compressing the outer tube and the diaphragm against the upper clamp sealing the

high pressure gas chamber about the open end and creating a waist in the outer tube outer wall.
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7. A method as set forth in claim 5 including sealing the diaphragm to the inner tube
outer wall adjacent the first end thereof to define an inner seal placed on the shoulder between

the inner tube and the inner tube base sealing the high pressure gas chamber about the closed end.

8. A method for assembling a suspension damper for an automotive shock absorber
utilizing an inner tube defining a hydraulic chamber and an inner tube inner wall and an inner
tube outer wall, an outer tube defining an outer tube inner wall and an outer tube ocuter wall, the
inner tube having a first end and a second end and the outer tube having an open end and a
closed end, the outer tube having an annular flange, a diaphragm chamber disposed between the
inner tube outer wall and the outer tube inner wall, a diaphragm disposed in the diaphragm
chamber and separating the diaphragm chamber into a high pressure gas chamber and a fluid
chamber, an inner tube base containing a central cavity and a shoulder, a waist in the outer tube
outer wall, a gas charge seal and a rod guide, a piston and a piston rod disposed in the hydraulic
chamber, a cap and a lower rﬁounting bracket and an upper mounting bracket, and an inner
clamp and an upper clamp, said method comprising the steps of;

pressing the inner tube onto the inner tube base containing the central cavity about
the first end of the inner tube,

disposing one end of the diaphragm over the first end of the inner tube outer wall
about the first end of the inner tube,

sealing the diaphragm to the inner tube outer wall adjacent the first end thereof to
define an inner seal placed on the shoulder between the inner tube and the inner tube base sealing

the high pressure gas chamber about the closed end,
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rolling the diaphragm over the inner seal and towards the second end of the inner
tube,

inserting the inner tube and the inner tube base and the diaphragm into the open
end of the outer tube,

installing the cap and the lower mounting bracket to the closed end of the outer
tube over the inner tube base sealing the closed end of the outer tube,

lowering the upper clamp into the diaphragm chamber from the open end of the
outer tube between the diaphragm and the inner tube outer wall,

fitting the upper clamp to the diaphragm separating the high pressure gas chamber
from the fluid chamber inside the diaphragm chamber,

applying a crimp force to the outer tube outer wall compressing the outer tube and
the diaphragm against the upper clamp sealing the high pressure gas chamber about the open end
and creating a waist in the outer tube outer wall,

installing the piston and the piston rod in the inner tube inner wall,

filling the hydraulic chamber with a hydraulic fluid,

charging the high pressure gas chamber with a compressed fluid,

sealing the high pressure gas chamber by disposing the gas charge seal in the
diaphragm chamber,

closing the diaphragm chamber by rolling the annular flange of the outer tube
inwardly to abut the inner tube and the gas charge seal,

installing the upper mounting bracket to the piston rod on the open end, and

filling the high pressure gas chamber with a compressed fluid.
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