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VARIABLE RADIUS SPRING DISC FOR VEHICLE SHOCK ABSORBER

FIELD
[0001] The present disclosure relates to shock absorbers. More
particularly, the present disclosure relates to a valve disc assembly for
controlling damping characteristics of a shock absorber.

BACKGROUND

[0002] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0003] Shock absorbers are used in conjunction with automotive
suspension systems to absorb unwanted vibrations that occur during driving.
To absorb the unwanted vibrations, shock absorbers are generally connected
between the sprung portion (body) and the unsprung portion (suspension) of
the automobile. A piston is located within a pressure tube of the shock
absorber and the pressure tube is connected to the unsprung portion of the
vehicle. The piston is connected to the sprung portion of the automobile
through a piston rod which extends through the pressure tube.

[0004] The piston divides the pressure tube into an upper working
chamber and a lower working chamber, both of which are filled with hydraulic
fluid. Through valving, the piston is able to limit the flow of the hydraulic fluid
between the upper and the lower working chambers when the shock absorber
is compressed or extended. Accordingly, the shock absorber is able to
produce a damping force that counteracts the vibration which would otherwise
be transmitted from the unsprung portion to the sprung portion of the vehicle.
In a dual tube shock absorber, a fluid reservoir or reservoir chamber is
defined between the pressure tube and a reservoir tube. A base valve is
located between the lower working chamber and the reservoir chamber to
control the flow of fluid between the lower working chamber and the reservoir
chamber.

[0005] Shock absorbers have been developed to provide different
damping characteristics depending on the speed or acceleration of the piston
within the pressure tube. Because of the exponential relationship between
pressure drop and flow rate, it can be difficult to tune the damping
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characteristic of the shock absorber between low and high piston speeds.
Specifically, the valving at the piston and/or base valve is designed to
close/open in one unilateral movement, thereby causing an abrupt change in

damping between low and high piston speeds.

SUMMARY

[0006] This section provides a general summary of the disclosure,
and is not a comprehensive disclosure of its full scope or all of its features.
The present disclosure relates to a shock absorber for a vehicle, and more
particularly, to a valve disc assembly that controls the flow of fluid between an
upper working chamber and a lower working chamber at varying piston
speeds. The shock absorber includes a pressure tube that defines a fluid
chamber, a piston that is disposed within the fluid chamber, and a valve disc
assembly that engages with the piston. The piston divides the fluid chamber
into an upper working chamber and a lower working chamber, and defines a
plurality of passages that extend through the piston between the upper
working chamber and the lower working chamber.

[0007] The valve disc assembly controls the flow of fluid between
the upper working chamber and the lower working chamber. The valve disc
assembly includes a variable radius spring disc among a plurality of discs.
The variable radius spring disc has an outer radius that circumferentially
varies along an outer perimeter of the variable radius spring disc. The valve
disc assembly has a stiffness that varies in relation to a circumference of the
variable radius spring disc such that an actuation of the valve disc assembly
with respect to the piston varies circumferentially.

[0008] In a feature of the present disclosure, as fluid pressure
increases in the plurality of passages, the valve disc assembly may deflect
away from the piston along a direction that corresponds to an increase of the
outer radius of the variable radius spring disc, and as fluid pressure
decreases in the plurality of passages, the valve disc assembly may actuate
to seal the passages along a direction that corresponds to a decrease of the
outer radius of the variable radius spring disc.

[0009] Further areas of applicability will become apparent from the

description provided herein. The description and specific examples in this
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summary are intended for purposes of illustration only, and are not intended
to limit the scope of the present disclosure.

DRAWINGS

[0010] The drawings described herein are for illustrative purposes
only of selected embodiments and not all possible implementations, and are
not intended to limit the scope of the present disclosure.

[0011] Figure 1 is a schematic representation of a typical
automobile that incorporates at least one shock absorber;

[0012] Figure 2 is a side partial cross-sectional view of a shock
absorber;

[0013] Figure 3 is an enlarged cross-sectional view of a piston
assembly of the shock absorber;

[0014] Figure 4 is an enlarged cross-sectional view of a valve disc
assembly for controlling fluid through compression passages;

[0015] Figure 5 is an exploded view of the valve disc assembly of
Figure 4;

[0016] Figure 6 is a perspective view of a variable radius spring disc
of the valve disc assembly;

[0017] Figure 7 is a top view of the variable radius spring disc and a
solid disc;

[0018] Figure 8 is a perspective view of a variable radius spring disc
in a second embodiment; and

[0019] Figure 9 is a perspective view of a variable radius spring disc
in a third embodiment.

[0020] Corresponding reference numerals indicate corresponding

parts throughout the several views of the drawings.

DETAILED DESCRIPTION
[0021] The present disclosure will now be described more fully with
reference to the accompanying drawings. Referring now to the drawings in
which like reference numerals designate like or corresponding parts
throughout the several views, Figure 1 illustrates a vehicle 10 incorporating a
suspension system with shock absorbers having a variable radius spring disc
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in accordance with the present disclosure. The vehicle 10 includes a rear
suspension 12, a front suspension 14, and a body 16. The rear suspension
12 has a transversely extending rear axle assembly (not shown) adapted to
operatively support the vehicle’'s rear wheels 18. The rear axle assembly is
operatively connected to the body 16 by means of a pair of shock absorbers
20 and a pair of helical coil springs 22. Similarly, the front suspension 14
includes a transversely extending front axle assembly (not shown) to
operatively support the vehicle’s front wheels 24. The front axle assembly is
operatively connected to the body 16 by means of a second pair of shock
absorbers 26 and by a pair of helical coil springs 28.

[0022] The shock absorbers 20 and 26 serve to dampen the relative
motion of the unsprung portion (i.e., the front and rear suspensions 12 and 14,
respectively) and the sprung portion (i.e., the body 16) of the vehicle 10.
While the vehicle 10 has been depicted as a passenger car having front and
rear axle assemblies, the shock absorbers 20 and 26 may be used with other
types of vehicles or in other types of applications including, but not limited to,
vehicles incorporating independent front and/or independent rear suspension
systems.

[0023] Referring now to Figure 2, the shock absorber 20 is shown
in greater detail. While Figure 2 illustrates only shock absorber 20, it is to be
understood that the shock absorber 26 includes the same components as the
shock absorber 20. The shock absorber 26 only differs from the shock
absorber 20 in the manner in which it is adapted to be connected to the
sprung and unsprung portions of the vehicle 10. Furthermore, while the shock
absorber 20 is depicted as a dual-tube shock absorber, shock absorber 20
may also be a mono-tube shock absorber.

[0024] The shock absorber 20 comprises a pressure tube 30, a
piston assembly 32, a piston rod 34, a reservoir tube 36, and a base valve
assembly 38. The pressure tube 30 defines a working chamber 42. The
piston assembly 32 is slidably disposed within the pressure tube 30, and
divides the working chamber 42 into an upper working chamber 44 and a
lower working chamber 46. A seal 48, which is shown in Figure 3, is disposed
between the piston assembly 32 and the pressure tube 30 to permit sliding
movement of the piston assembly 32 with respect to the pressure tube 30
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without generating undue frictional forces as well as sealing the upper working
chamber 44 from the lower working chamber 46.

[0025] The piston rod 34 is attached to the piston assembly 32 and
extends through the upper working chamber 44 and through an upper end
cap 50 which closes the upper end of pressure tube 30. The end of the piston
rod 34 opposite to the piston assembly 32 is adapted to be secured to the
sprung portion of vehicle 10.

[0026] Valving within the piston assembly 32 controls the movement
of fluid between the upper working chamber 44 and the lower working
chamber 46 during movement of the piston assembly 32 within the pressure
tube 30. Because the piston rod 34 extends only through the upper working
chamber 44 and not the lower working chamber 46, movement of the piston
assembly 32 with respect to the pressure tube 30 causes a difference in the
amount of fluid displaced in the upper working chamber 44 and the amount of
fluid displaced in the lower working chamber 46. The difference in the amount
of fluid displaced flows through the base valve assembly 38, the piston
assembly 32, or a combination thereof.

[0027] The reservoir tube 36 surrounds the pressure tube 30 to
define a fluid reservoir chamber 52 located between the tubes 30 and 36. The
base valve assembly 38 is disposed between the lower working chamber 46
and the reservoir chamber 52 to control the flow of fluid between the
chambers 46 and 52. When the shock absorber 20 extends in length, fluid
will flow from the reservoir chamber 52 to the lower working chamber 46
through the base valve assembly 38. Fluid may also flow from the upper
working chamber 44 to the lower working chamber 46 through the piston
assembly 32. When the shock absorber 20 compresses in length, an excess
of fluid is removed from the lower working chamber 46. Specifically, fluid
flows from the lower working chamber 46 to the reservoir chamber 52 through
the base valve assembly 38.

[0028] Referring now to Figure 3, the piston assembly 32 comprises
a piston body 60, a compression valve assembly 62, and a rebound valve
assembly 64. The piston body 60 defines a plurality of compression fluid
passages 66 and a plurality of rebound fluid passages 68, and includes a
compression valve land 70 and a rebound valve land 72. The compression
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fluid passages 66 include an inlet 74 and an outlet 76. The rebound fluid
passages 68 include an inlet 78 and an outlet 80. The compression fluid
passages 66 and the rebound fluid passages 68 fluidly couple the upper
working chamber 44 and the lower working chamber 46.

[0029] The piston body 60 abuts with the compression valve
assembly 62, which abuts with a shoulder 82 formed on the piston rod 34.
The piston body 60 also abuts with the rebound valve assembly 64, which is
retained by a retaining nut 84. The retaining nut 84 and a retaining nut 86
secure piston body 60 and valve assemblies 62 and 64 to piston rod 34.

[0030] The compression valve assembly 62 includes a retainer 90,
one or more spacers 92, and a valve disc assembly 94. The retainer 90 is
disposed above the piston body 60 and abuts with the shoulder 82. The
spacers 92 are disposed between the valve disc assembly 94 and the retainer
90 and between the valve disc assembly 94 and the piston body 60. The
valve disc assembly 94 abuts with the compression valve land 70 and closes
the outlet 76 of the compression fluid passages 66.

[0031] The rebound valve assembly 64 also includes a retainer 100,
one or more spacers 102, and a valve disc assembly 104. The retainer 100 is
disposed below the piston body 60 and abuts with the retaining nut 84. The
spacers 102 are disposed between the valve disc assembly 104 and the
retaining nut 84 and between the valve disc assembly 104 and the piston
body 60. The valve disc assembly 104 abuts with the rebound valve land 72
and closes the outlet 80 of rebound fluid passages 68.

[0032] In the example embodiment, the damping characteristics for
both rebound (extension) and compression for the shock absorber 20 are
determined by the piston assembly. More particularly, the piston assembly 32
is provided as a fully displaced valving that includes valving for mid/high fluid
speeds and an independent valving for low piston speeds (i.e., low hydraulic
fluid flow or low fluid speed). During mid/high level speed, damping is
controlled by the deflection of the valve disc assembly 94 of the compression
valve assembly 62 and the valve disc assembly 104 of the rebound valve
assembly 64. During low level speeds, damping is controlled by bleed

passages.
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[0033] In an alternative embodiment, the damping characteristics for
rebound and compression of the shock absorber 20 can be determined by a
combination of a piston assembly and a base valve assembly. More
particularly, in a rod displaced valving, the base valve assembly may include a
plurality of discs that control the flow fluid between the reservoir chamber and
the lower working chamber. For example, during mid/high piston speed,
damping can be controlled by the base valve assembly and valving at the
piston. At low piston speeds, the base valve assembly can include a bleed
passage to control the flow of fluid during compression, and the rebound valve
assembly at the piston may include a bleed passage to control the flow of fluid
during rebound.

[0034] Referring to Figures 4-5, an example of the valve disc
assembly 94 of the compression valve assembly 62 is presented. The valve
disc assembly 94 includes a plurality of discs 200 that control the flow of fluid
between the lower working chamber 46 and the upper working chamber 44.
The valve disc assembly 94 may be biased against the piston body 60 to seal
the compression fluid passages 66. The valve disc assembly 94 includes an
orifice disc 204, one or more solid discs 208, and a variable radius spring disc
212. The plurality of discs 200 each define a center bore 218, and are
concentrically disposed with each other about the piston rod 34.

[0035] In the example embodiment, the orifice disc 204, the solid
discs 208, and the variable radius spring disc 212 are positioned at the
compression valve land 70 of the piston body 60 with the orifice disc 204
abutting against the compression valve land 70 of the piston body 60.
Alternatively, the orifice disc 204 may be eliminated and a bleed orifice (not
shown) may be disposed within the compression valve land 70. Accordingly,
the solid discs 208 and the variable radius spring disc 212 may be positioned
at the compression valve land 70 with one of the solid discs 208 abutting
against the compression valve land 70 of the piston body 60.

[0036] The orifice disc 204 defines one or more orifices 220, and
may also be referred to as a bleed disc. The orifice 220 forms a bleed
passage referenced by arrow 224 for allowing fluid to flow between the upper
working chamber 44 and the lower working chamber 46 at low piston speeds.

The bleed passage 224 is open during compression and rebound, thereby
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allowing fluid to flow from the lower working chamber 46 to the upper working
chamber 44, and vice versa.

[0037] A first solid disc 208A from among the one or more solid
discs 208 is disposed over the orifice disc 204 to cover the orifices 220 of the
orifice disc 204. In the example embodiment, the variable radius spring disc
212 is positioned after the first solid disc 208A. More particularly, the plurality
of discs 200 are arranged such that one or more solid discs 208 are disposed
between the orifice disc 204 and the variable radius spring disc 212.
Accordingly, while the example embodiment illustrates one solid disc 208,
more than one solid disc 208 may be located between the orifice disc 204 and
the variable radius spring disc 212.

[0038] Figures 6 and 7 depict the variable radius spring disc 212.
The variable radius spring disc, which may also be referred to as a helical
disc, has an inner radius R, and an outer radius Ro. The inner radius R, is a
fixed radius that extends from a center point CP to an inner perimeter 226 that
defines the center bore 218. The outer radius Ro extends from the center
point CP to an outer perimeter 228 and varies along the outer perimeter 228.
Specifically, the variable radius spring disc 212 includes a maximum outer
radius Rowax and a minimum outer radius Rowin. The outer radius Ro
continuously changes between the maximum outer radius Rowax and the
minimum outer radius Romin such that the variable radius spring disc 212 is
asymmetrical. With the varying outer radius Ro, the variable radius spring
disc 212 has a spiral like configuration in which the outer radius Ro decreases
and varies from the maximum outer radius Rowax to the minimum outer radius
Romin.

[0039] Similar to the valve disc assembly 94 of the compression
valve assembly 62, the valve disc assembly 104 of the rebound valve
assembly 64 may include the plurality of discs 200, and more particularly, the
variable radius spring disc 212. While the valve disc assemblies 94 and 104
are described as having the same set of plurality of discs 200, the valve disc
assemblies 94 and 104 may have a different number of discs that can be
arranged in various suitable manners.

[0040] During a compression stroke, fluid in the lower working
chamber 46 is pressurized and flows from the lower working chamber 46 to
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the compression fluid passages 66. The rebound valve assembly 64 restricts
the flow of fluid through rebound fluid passages 68. At low fluid speeds, a
controlled amount of fluid flows between the upper working chamber 44 and
the lower working chamber 46 through the bleed passage 224 defined by the
orifice disc 204.

[0041] As fluid pressure in the lower working chamber 46 increases,
the fluid in the compression fluid passages 66 exerts a force against the valve
disc assembly 94, such that the orifice disc 204 exerts a pressure onto the
solid disc 208, and the solid disc 208 exerts a pressure onto the variable
radius spring disc 212. As described in detail below, the stiffness of the valve
disc assembly 94 varies in relation to the circumference of the valve disc
assembly 94. Accordingly, the fluid pressure required to overcome a force
associated with the stiffness varies circumferentially. When the force is
exceeded, the valve disc assembly 94 deflects to allow fluid to flow past the
valve disc assembly 94. Thus, fluid flows through the compression fluid
passages 66 into the upper working chamber 44.

[0042] During a rebound stroke, fluid in the upper working chamber
44 is pressurized, and fluid flows from the upper working chamber 44 to the
rebound fluid passages 68. The compression valve assembly 62 restricts the
flow of fluid through the compression fluid passages 66 during the rebound
stroke. Fluid flowing through the rebound fluid passages 68 is controlled by
the rebound valve assembly 64. Prior to the deflection of the rebound valve
disc assembly 104, a controlled amount of fluid flows from the lower working
chamber 46 to the upper working chamber 44 through a bleed passage that
provides damping at low fluid speeds. The fluid pressure within rebound fluid
passages 68 eventually opens the rebound valve assembly 64 by deflecting
the valve disc assembly 104.

[0043] The variable radius spring disc 212 promotes the
asymmetrical stiffness to control the opening/closing of the valve disc
assemblies 94 and 104. More particularly, by having the variable radius spring
disc 212, the valve disc assemblies 94 and 104 gradually open/close in an
analog wraparound manner. The operation of the variable radius spring disc
212 is described with reference to the valve disc assembly 94, and is also
applicable to the valve disc assembly 104.
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[0044] With reference to Figure 7, the variable radius spring disc
212 is illustrated with the solid disc 208A, which is disposed between the
variable radius spring disc 212 and the valve land 70. The surface area of the
solid disc 208A that engages with the variable radius spring disc 212 varies in
relation to the circumference of the variable radius spring disc 212.
Accordingly, the solid disc 208A is subjected to a stiffness that varies
circumferentially. As an example, sections of the solid disc 208A that align
with the minimum outer radius Romin of the variable radius spring disc 212
require less pressure to deflect than sections of the solid disc 208A that align
with the maximum outer radius Rowmax.

[0045] Accordingly, as fluid pressure increases, sections of the solid
disc 208A that are not covered by the variable radius spring disc 212 begin to
open. For instance, the solid disc 208A may begin to deflect along an outer
perimeter of the solid disc 208A starting with an area adjacent to the minimum
outer radius Romin of the variable radius spring disc 212. The solid disc 208A
may continue to deflect toward a section adjacent to the maximum outer
radius Romax-

[0046] As pressure continues to build, sections of the solid disc
208A that are covered with the variable radius spring disc 212 begin to open.
For example, covered portions of the solid disc 208A may begin to deflect
away from the piston body 60 starting with a section having the least surface
area coverage by the variable radius spring disc 212 to a section that has the
most surface area coverage by the variable radius spring disc 212.

[0047] The direction along which the solid disc 208A deflects during
a compression or rebound stroke is represented by arrow 240. The variable
radius spring disc 212 controls the deflection of the solid disc 208A such that
the solid disc 208A circumferentially deflects away from the piston body 60 in
a wraparound manner. More particularly, the solid disc 208A deflects along a
direction that corresponds to the increasing radius of the variable radius
spring disc 212.

[0048] While the wraparound deflection promoted by the variable
radius spring disc 212 is described with respect to the solid disc 208A, the
other discs of the valve disc assembly 94 also deflect in a similar manner. In
particular, the variable radius spring disc 212 controls the opening of the valve

10
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disc assembly 94 such that the portion of the valve disc assembly 94 that
aligns with the minimum outer radius Rown Of the variable radius spring disc
212 begins to deflect away from the valve land 70 before the portion that
aligns with the maximum outer radius Rowax. Due to the spiral configuration
of the variable spring disc, the amount of deflection of the valve disc assembly
94 may vary such that the portion of the valve disc assembly 94 that aligns
with the minimum outer radius Romin may deflect more than the portion of the
valve disc assembly 94 that aligns with the maximum outer radius Romax.

[0049] As fluid pressure in the lower working chamber 46
decreases, the force exerted against the valve disc assembly 94 by the fluid in
the compression fluid passages 66 decreases. Specifically, the valve disc
assembly 94 closes the compression fluid passages 66 when the force of the
valve disc assembly 94 overcomes the pressure exerted by the fluid in the
compression fluid passages 66. Similar to the opening of the valve disc
assembly 94, the variable radius spring disc 212 controls the valve disc
assembly 94 such that the discs 200 gradually close the compression fluid
passages 66 in a wraparound manner. For example, as pressure reduces,
the portion of the valve disc assembly 94 that aligns with the maximum outer
radius Romax of the variable radius spring disc 212 begins to return to an un-
deflected state to rest against the valve land 70 of the piston body before the
portion that aligns with the minimum outer radius Rowmin. The valve disc
assembly 94 continues to seal against the valve land 70 in a wraparound
manner in a direction that corresponds to the decreasing radius of the variable
radius spring disc 212. The direction along which the valve disc assembly 94
begins to close the compression fluid passages 66 is represented by arrow
244 in Figure 7.

[0050] The variable radius spring disc 212 has a paisley or tear drop
like shape in which the outer radius continuously varies. The variable radius
spring disc may have other suitable shapes in which the outer radius varies
between a maximum outer radius and a minimum outer radius. For example,
Figures 8 and 9 illustrate a variable radius spring disc 300 and a variable
radius spring disc 400, respectively. The variable radius spring discs 300 and
400 each have a maximum outer radius Rowax and a minimum outer radius

Rowmin-  The variable radius spring disc 300 has an outer perimeter 304, and

11
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the variable radius spring disc 400 has an outer perimeter 404. The variable
radius spring discs 300 and 400 perform in a similar manner to the variable
radius spring disc 212 as described herein.

[0051] The variable radius spring disc promotes an analog opening/
closing of the valve disc assembly 94 and not a digital opening/closing in
which the discs move all at once to fully open or fully close the flow of fluid
between the lower working chamber 46 and the upper working chamber 44.
By having an analog opening/closing, the damping characteristic of the shock
absorber can be controlled between low speed and high speed operations,
thereby improving the steering and handling of the vehicle. Furthermore, the
gradual wrap around opening/closing of the valve disc assembly 94 prevents
the discs 200 from blowing off or returning all at once, thereby improving
noise, harshness, and vibration qualities of the shock absorber.

[0052] While the variable radius spring disc is described as being
part of the valve disc assembly for both the compression valve assembly and
the rebound valve assembly, the variable radius spring disc can provide for
one valve assembly and not the other valve assembly. In addition, the
variable radius spring disc may also be included in a base valve assembly.

[0053] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the disclosure. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also
be varied in many ways. Such variations are not to be regarded as a
departure from the disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

[0054] Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who are skilled in the
art. Numerous specific details are set forth, such as examples of specific
components, devices, and methods, to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to those skilled in
the art that specific details need not be employed, that example embodiments
may be embodied in many different forms, and that neither should be

12
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construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-
known technologies are not described in detail.

[0055] When an element or layer is referred to as being "on,"

‘engaged to,” "connected to," or "coupled to" another element or layer, it may
be directly on, engaged to, connected to, or coupled to the other element or
layer, or intervening elements or layers may be present. In contrast, when an

element is referred to as being "directly on," “directly engaged to,” "directly
connected to," or "directly coupled to" another element or layer, there may be
no intervening elements or layers present. Other words used to describe the
relationship between elements should be interpreted in a like fashion (e.g.,

‘between” versus “directly between,” “adjacent” versus ‘“directly adjacent,”
etc.). As used herein, the term "and/or" includes any and all combinations of
one or more of the associated listed items.

[0056] Spatially relative terms, such as “inner,” “outer,” "beneath,"

"below," "lower," "above," "upper," and the like, may be used herein for ease
of description to describe one element or feature's relationship to another
element(s) or feature(s) as illustrated in the figures. Spatially relative terms
may be intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. For example, if
the device in the figures is turned over, elements described as "below" or
"beneath” other elements or features would then be oriented "above" the other
elements or features. Thus, the example term "below" can encompass both
an orientation of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations), and the spatially relative

descriptors used herein interpreted accordingly.
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CLAIMS

What is claimed is:

1. A shock absorber for a vehicle comprising:

a pressure tube defining a fluid chamber;

a piston disposed within the fluid chamber, the piston dividing the fluid
chamber into an upper working chamber and a lower working chamber, the
piston defining a plurality of passages extending through the piston between
the upper working chamber and the lower working chamber; and

a valve disc assembly engaging the piston and controlling a flow of
fluid between the upper working chamber and the lower working chamber
through the plurality of passages, the valve disc assembly including a variable
radius spring disc among a plurality of discs, wherein

the variable radius spring disc has an outer radius that varies
circumferentially along an outer perimeter of the variable radius spring disc,
and

the valve disc assembly creates a stiffness that varies in relation to a
circumference of the variable radius spring disc such that an actuation of the
valve disc assembly with respect to the piston varies circumferentially.

2. The shock absorber of claim 1 wherein the variable radius
spring disc has an asymmetrical shape.

3. The shock absorber of claim 1 wherein the variable radius
spring disc has a maximum outer radius and a minimum outer radius, and a
given outer radius measured from a center point to a given point along the
outer perimeter has a value between the maximum outer radius and the

minimum outer radius.

4. The shock absorber of claim 1 wherein:

the plurality of discs of the valve disc assembly further includes an
orifice disc and one or more solid discs, and

the plurality of discs are arranged such that at least one of the one or
more solid discs is disposed between the orifice disc and the variable radius

spring disc.
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5. The shock absorber of claim 1 wherein:

the plurality of discs actuate away from the piston along a first direction
to allow fluid flow between the upper working chamber and the lower working
chamber, and actuate toward the piston along a second direction opposite to
the first direction to prevent fluid flow between the upper working chamber
and the lower working chamber,

the first direction corresponds to a direction along which the outer
radius of the variable radius spring disc increases, and

the second direction corresponds to a direction along which the outer

radius of the variable radius spring disc decreases.

6. The shock absorber of claim 1 wherein:

the piston includes a support land that circumferentially extends along
a surface of the piston, and

the plurality of discs of the valve disc assembly further includes an
orifice disc and one or more solid discs, the plurality of discs is disposed at
the support land and is arranged such that the orifice disc is disposed on the
support land and at least one of the one or more solid discs is disposed
between the orifice disc and the variable radius spring.

7. The shock absorber of claim 1 wherein:

the variable radius spring disc has a maximum outer radius and a
minimum outer radius, and

fluid pressure required to deflect the valve disc assembly from the
piston is greater at a portion of the valve disc assembly that aligns with the
minimum outer radius than a portion of the valve disc assembly that aligns

with the maximum outer radius.
8. The shock absorber of claim 1 wherein the stiffness of the valve

disc assembly increases as the outer radius of the variable spring disc

increases.
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9. The shock absorber of claim 1 wherein:

the valve disc assembly deflects away from the piston along a direction
that corresponds to an increase in the outer radius of the variable radius
spring disc as fluid pressure increases in the plurality of passages, and

the valve disc assembly actuates to seal the plurality of passages
along a direction that corresponds to a decrease in the outer radius of the
variable radius spring disc as fluid pressure decreases in the plurality of

passages.

10. A shock absorber for a vehicle comprising:

a pressure tube defining a fluid chamber;

a piston disposed within the fluid chamber, the piston dividing the fluid
chamber into an upper working chamber and a lower working chamber, the
piston defining a plurality of passages extending through the piston between
the upper working chamber and the lower working chamber; and

a valve disc assembly engaging the piston and controlling a flow of
fluid between the upper working chamber and the lower working chamber
through the plurality of passages, the valve disc assembly including a plurality
of discs, wherein the plurality of discs includes a helical disc, wherein

the helical disc has an outer radius that varies circumferentially along
an outer perimeter of the helical disc, and

the valve disc assembly has a stiffness that circumferentially varies
based on the outer radius of the helical disc such that the valve disc assembly
circumferentially actuates in a wraparound manner along the piston.

11.  The shock absorber of claim 10 wherein the stiffness of the
valve disc assembly is proportional to a surface area of the helical disc such

that the stiffness increases as the surface area of the helical disc increases.

12.  The shock absorber of claim 10 wherein the stiffness of the
valve disc assembly increases as the outer radius of the helical disc increases

and decreases as the outer radius of the helical disc decreases.

13.  The shock absorber of claim 10 further comprising:

a reservoir tube; and
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a base valve assembly, wherein

the pressure tube is housed in the reservoir tube,

the pressure tube and the reservoir tube define a reservoir chamber,

the base valve assembly controls the flow of fluid between the lower
working chamber and the reservoir chamber, and

the base valve assembly includes a second helical disc among a
second plurality of discs, the second helical disc has an outer radius that

varies circumferentially along an outer perimeter of the second helical disc.

14.  The shock absorber of claim 10 wherein:

the plurality of discs of the valve disc assembly further includes an
orifice disc and one or more solid discs, and

the plurality of discs are arranged such that at least one of the one or
more solid discs is disposed between the orifice disc and the helical disc.

15. The shock absorber of claim 10 wherein the helical disc has an
asymmetrical shape.

16.  The shock absorber of claim 10 wherein:

the plurality of discs actuate away from the piston along a first direction
to allow fluid flow between the upper working chamber and the lower working
chamber, and actuate toward the piston along a second direction opposite to
the first direction to prevent fluid flow between the upper working chamber
and the lower working chamber,

the first direction corresponds to a direction along which the outer
radius of the helical disc increases, and

the second direction corresponds to a direction along which the outer
radius of the helical disc decreases.

17.  The shock absorber of claim 10 wherein the helical disc has a
maximum outer radius and a minimum outer radius, and fluid pressure
required to deflect the valve disc assembly at the maximum outer radius of the
helical disc is greater than at the minimum outer radius of the helical disc.
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18. A shock absorber for a vehicle comprising:

a pressure tube defining a fluid chamber;

a piston disposed within the fluid chamber, the piston dividing the fluid
chamber into an upper working chamber and a lower working chamber, the
piston defining a compression passage and a rebound passage, wherein the
compression passage and the rebound passage extend through the piston
between the upper working chamber and the lower working chamber;

a compression valve assembly engaging the piston, wherein the
compression valve assembly controls a flow of fluid through the compression
passage; and

a rebound valve assembly engaging the piston and controlling a flow of
fluid through the rebound passage, wherein

at least one of the compression valve assembly and the rebound valve
assembly includes a variable radius spring disc among a plurality of discs,

the variable radius spring disc has an outer radius that continuously
varies along an outer perimeter of the variable radius spring disc, and

the at least one of the compression valve assembly and the rebound
valve assembly has a stiffness that circumferentially varies based on the
variable radius spring disc.

19.  The shock absorber of claim 18 wherein the stiffness of the at
least one of the compression valve assembly and the rebound valve assembly
increases as the outer radius of the variable radius spring disc increases and
decreases as the outer radius of the variable radius spring disc decreases.

20.  The shock absorber of claim 18 wherein:

the plurality of discs actuate away from the piston along a first direction
to allow fluid flow between the upper working chamber and the lower working
chamber, and actuate toward the piston along a second direction opposite to
the first direction to prevent fluid flow between the upper working chamber
and the lower working chamber,

the first direction corresponds to a direction along which the outer
radius of the variable radius spring disc increases, and
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the second direction corresponds to a direction along which the outer
radius of the variable radius spring disc decreases.

21.  The shock absorber of claim 18 wherein the variable radius
5  spring disc has an asymmetrical shape.

19



PCT/US2015/031700

WO 2015/179477

1/7




WO 2015/179477

PCT/US2015/031700
2/7
(]
P
A 50
)/44
x|/
52 - - ’\_30
A
36
2 FIG-2




WO 2015/179477

PCT/US2015/031700

~] \/”/
A 30 -
% 32( 3 Y D
/_ 62
82
90 k/ ’//
\\_ L\ 92 "
60
70— )
/| 102
48 80 (172
74 < \
// 100
64 ﬁ_‘ 84
N
\\ 46
/
|

FIG-3




WO 2015/179477 PCT/US2015/031700

4/7

90

=

208

204




WO 2015/179477 PCT/US2015/031700

5/7

218
212




WO 2015/179477 PCT/US2015/031700

6/7

218

240

244




WO 2015/179477 PCT/US2015/031700

7/7
Romiv
300 ~
cp 304
Romax
FIG -8
400
Romiv /
%04

[T ENVARN

Romax



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/031700

A. CLASSIFICATION OF SUBJECT MATTER
F16F 9/34(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F16F 9/34; F16F 9/348; F16F 9/50; B60G 17/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
e KOMPASS(KIPO internal) & Keywords: shock absorber, chamber, helical valve disc, variable radius, and variable stiffness

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5529154 A (TANAKA, KAZUHIKO) 25 June 1996 1-12,14-21
See column 4, line 3 - column 5, line 19 and figures 1, 2, 3(a)-5(b).
Y 13
Y US 5154263 A (LIZELL, MAGNUS B.) 13 October 1992 13

See column 3, line 61 - column 4, line 13, column 5, lines 9-21 and figure 2.

A US 2008-0149438 A1 (CHIKAMATSU et al.) 26 June 2008 1-21
See paragraphs [0022]-[0029] and figure 1.

A US 5497862 A (HOYA, HIROSHI) 12 March 1996 1-21
See abstract, column 6, lines 26-51, and figure 1.

A US 2009-0294232 A1 (ASHIBA, MASAHIRO) 03 December 2009 1-21
See paragraphs [0016], [0017], [0021], [0025] and figures 1, 3.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination

means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

17 August 2015 (17.08.2015) 19 August 2015 (19.08.2015)
Name and mailing address of the [SA/KR Authorized officer
International Application Division \\
. Korean Intellectual Property Office RN
N RN
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701, LEE, Dal Kyong Q N g

" Republic of Korea \\“\\ \\s S
Facsumle No. +82-42-472-7140 Telephone No. +82-42-481-8440 \\\\\\‘

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/031700
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5529154 A 25/06/1996 CN 1078325 C 23/01/2002
CN 1114723 A 10/01/1996
JP 03471438 B2 02/12/2003
JP 07-217692 A 15/08/1995
US 5154263 A 13/10/1992 JP 03021653 B2 15/03/2000
WO 92-10693 Al 25/06/1992
US 2008-0149438 Al 26/06/2008 DE 102007062778 Al 03/07/2008
DE 102007062778 B4 18/12/2014
JP 04987460 B2 25/07/2012
JP 2008-157393 A 10/07/2008
US 7954609 B2 07/06/2011
US 5497862 A 12/03/1996 CN 1113298 A 13/12/1995
EP 0668175 Al 23/08/1995
EP 0668175 B1 19/05/1999
JP 07-233840 A 05/09/1995
KR 10-0193361 B1 15/06/1999
US 2009-0294232 Al 03/12/2009 CN 101592209 A 02/12/2009
CN 101592209 B 15/05/2013
DE 102009026591 Al 03/12/2009
JP 05115814 B2 09/01/2013
JP 2009-287731 A 10/12/2009
US 8157065 B2 17/04/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

