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ORIFICE DISC FOR REGULATING FLOW IN DAMPER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Utility Application No.
14/275,235, filed on May 12, 2014 and also claims the benefit of U.S. Provisional
Application No. 61/822,494, filed on May 13, 2013. The entire disclosure of the

above application is incorporated herein by reference.

FIELD
[0002] The present disclosure relates to a damper or a shock absorber.
More particularly the present invention relates to an orifice disc for controlling the
damping characteristics of the shock absorber, especially during low hydraulic
fluid flow.

BACKGROUND

[0003] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0004] Shock absorbers are used in conjunction with automotive
suspension systems and other suspension systems to absorb unwanted
vibrations which occur during movement of the suspension system. In order to
absorb these unwanted vibrations, automotive shock absorbers are generally
connected between the sprung (body) and the unsprung (suspension/chassis)
masses of the vehicle.

[0005] Various types of shock absorbers have been developed to
generate the desired damping forces in relation to various vehicle performance
characteristics. For example, a piston located within a pressure tube of the shock
absorber, is connected to the sprung portion of the automobile through a piston
rod and the pressure tube is connected to the unsprung portion of the
automobile. The piston is able to limit the flow of fluid between opposite sides of
the piston through valving. Specifically, when the shock absorber is compressed

or extended, the shock absorber is able to produce a damping force which



10

15

20

25

30

WO 2014/186357 PCT/US2014/037838

counteracts the unwanted vibration which would otherwise be transmitted from
the unsprung portion to the sprung portion of the automobile.

[0006] In another example, a dual tube shock absorber has a fluid
reservoir defined between the pressure tube and a reservoir tube. A base valve
located between the lower working chamber (the area below the piston) and the
reservoir limits the flow of fluid between the lower working chamber and the
reservoir to produce a damping force which also counteracts the unwanted
vibration. The greater the degree to which the flow of fluid within the shock
absorber is restricted by the piston and/or the base valve, the greater the
damping forces which are generated by the shock absorber. Thus, a highly
restricted flow of fluid would produce a firm ride while a less restricted flow of fluid
would produce a soft ride.

[0007] Due to an exponential relationship between pressure drop and
flow rate, it is difficult to obtain a damping force at relatively low piston velocities,
particularly at velocities near zero, while still maintaining acceptable damping
forces at the relatively high piston velocities. A low speed damping force is
important to vehicle handling since most vehicle handling events are controlled
by relatively low speed vehicle body velocities which thus lead to relatively low
speed piston velocities.

[0008] Various systems for tuning shock absorbers during low speed
movement of the piston include a fixed low speed bleed orifice which is always
open across the piston and/or the base valve. The bleed orifice can be created
by utilizing notches positioned, for example, on a flexible disc adjacent to the
sealing land. In order to obtain the low speed control, the notches have to be
small enough to create a restriction at relatively low velocities. When this is
accomplished, the flow of fluid at low speeds of the valving system operates over
a very small range of velocity.

[0009] As the temperature of the fluid increases or decreases, the
consistency of the fluid also changes. For example, the viscosity of the fluid is
higher (thick fluid) at cold temperatures and is low (thin fluid) at high
temperatures. Accordingly, at high temperatures, the bleed orifice having a

straight channel may not restrict the fluid flowing and at low temperatures the
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fluid may cause the discs to deflect prematurely, thereby affecting the damping
characteristics of the shock absorber at low piston speeds.

SUMMARY

[0010] 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 bleed disc that restricts the flow of fluid between
an upper working chamber and a lower working chamber during low piston
speeds. More particularly, the present disclosure relates to a shock absorber for
a vehicle. The shock absorber includes a valve disc assembly that includes the
bleed disc. The bleed disc defines an orifice having a substantially non-linear
contour that forms multiple portions with varying areas. The orifice extends to an
outer diameter of the bleed disc. While the valve disc assembly substantially
closes a passage between the upper working chamber and the lower working
chamber, the orifice of the bleed disc forms a bleed channel through which a
restricted amount of fluid may flow between the upper working chamber and the
lower working chamber.

[0011] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

DRAWINGS

[0012] 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.

[0013] FIG. 1 is a schematic representation of a typical automobile
which incorporates at least one shock absorber;

[0014] FIG. 2 is a side sectional view of an example shock absorber
having a dual-tube configuration;

[0015] FIG. 3A is an enlarged cross-sectional view of an example
piston assembly for the shock absorber of FIG. 2;
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[0016] FIG. 3B is an enlarged cross-sectional view of a valve disc
assembly enclosed within 3B of FIG. 3A;

[0017] FIG. 4 is an enlarged cross-sectional view of an example base
valve assembly;

[0018] FIG. 5 is a side sectional view of an example shock absorber
having a mono-tube configuration;

[0019] FIG. 6 is an enlarged cross-sectional view of an example piston
assembly for the shock absorber of FIG. 5

[0020] FIG. 7 is perspective view of an example valve disc assembly;

[0021] FIG. 8 is a perspective view of an example bleed disc for the
valve disc assembly;

[0022] FIG. 9is atop view of the bleed disc of FIG. 8;

[0023] FIG. 10A is an enlarged view of an orifice of the bleed disc
enclosed within 10A in FIG. 9;

[0024] FIG. 10B is an enlarged view of a choke point of the orifice
enclosed within 10B in FIG. 10A;

[0025] FIGS. 11A, 11B, 11C, and 11D are multiple examples of an
orifice for the bleed disc;

[0026] FIGS. 12A and 12B are examples of an orifice for the bleed disc
with a choke point at an outer diameter of the bleed disc; and

[0027] FIG. 13 is an example of an orifice for the bleed disc with a
choke point extending to an outer diameter of the bleed disc.

[0028] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION
[0029] Example embodiments will now be described more fully with
reference to the accompanying drawings. The following description is merely
exemplary in nature and is not intended to limit the present disclosure,
application, or uses. With reference to FIG. 1, a vehicle 10 incorporating a
suspension system with shock absorbers having a bleed disc in accordance with
the present disclosure is presented. The vehicle 10 has been depicted as a

passenger car having front and rear axle assemblies. However, shock absorbers
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in accordance with the present disclosure may be used with other types of
vehicles or in other types of applications. Examples of these alternate
arrangements include, but are not limited to, vehicles incorporating non-
independent front and/or non-independent rear suspensions, vehicles
incorporating independent front and/or independent rear suspensions or other
suspension systems known in the art. Further, the term “shock absorber” as
used herein is meant to refer to dampers in general and thus includes struts and
other damper designs known in the art.

[0030] 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 rear
wheels 18. The rear axle assembly is operatively connected to the body 16 by a
pair of shock absorbers 20 and a pair of springs 22. Similarly, the front
suspension 14 includes a transversely extending front axle assembly (not shown)
to operatively support front wheels 24. The front axle assembly is operatively
connected to the body 16 by a pair of shock absorbers 26 and by a pair of
springs 28. Shock absorbers 20 and 26 serve to dampen the relative motion of
the unsprung portion (i.e. front and rear suspensions 12 and 14, respectively) and
the sprung portion (i.e. body 16) of the vehicle 10.

[0031] FIG. 2 depicts an example of the shock absorber 20. While
FIG. 2 illustrates only the shock absorber 20, it is to be understood that the shock
absorber 26 is substantially similar to the shock absorber 20. The shock absorber
26 differs from the shock absorber 20 only in the manner in which it is adapted to
be connected to the sprung and unsprung masses of the vehicle 10. The shock
absorber 20 includes a pressure tube 30, a piston assembly 32, a piston rod 34,
a reserve tube 36 and a base valve assembly 38.

[0032] The pressure tube 30 defines a fluid chamber 40. The piston
assembly 32 is slidably disposed within the pressure tube 30 and divides the fluid
chamber 40 into an upper working chamber 42 and a lower working chamber 44.
The piston rod 34 is attached to the piston assembly 32 and extends through the
upper working chamber 42 and through an upper end cap 48 which closes the
upper end of the 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

5
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as discussed above. Valving within the piston assembly 32 controls the
movement of fluid between the upper working chamber 42 and the lower working
chamber 44 during movement of the piston assembly 32 within the pressure tube
30.

[0033] The reserve tube 36 surrounds the pressure tube 30 to define a
fluid reservoir chamber 50 located between the pressure tube 30 and the reserve
tube 36. The bottom end of the reserve tube 36 is closed by a base cup 52 which
is adapted to be connected to the unsprung mass of the vehicle 10. The base
valve assembly 38 is disposed between the lower working chamber 44 and the
reservoir chamber 50 to control the flow of fluid between the chambers 44 and
50.

[0034] With reference to FIGS. 3A and 3B, an example of the piston
assembly 32 is presented. The piston assembly 32 includes a piston body 60, a
compression valve assembly 62, and a rebound valve assembly 64. The piston
body 60 is assembled against the compression valve assembly 62, and the
rebound valve assembly 64 is assembled against the piston body 60. A nut 68
secures these components to the piston rod 34.

[0035] The piston body 60 defines a plurality of compression passages
70 and a plurality of rebound passages 72. The compression passages 70 and
the rebound passages 72 extend through the piston body 60. The compression
valve assembly 62 includes a retainer 74, a valve disc 76 and a spring 78. The
retainer 74 abuts with the piston body 60. The valve disc 76 abuts with the piston
body 60 and closes the compression passages 70 while leaving the rebound
passages 72 open. The spring 78 is disposed between the retainer 74 and the
valve disc 76 to bias the valve disc 76 against the piston body 60.

[0036] During a compression stroke, fluid in the lower working chamber
44 is pressurized causing fluid pressure to react against the valve disc 76. When
the fluid pressure against the valve disc 76 overcomes the biasing load of the
spring 78, the valve disc 76 separates from the piston body 60 to open
compression passages 70 and allow fluid flow from the lower working chamber
44 to the upper working chamber 42. During a rebound stroke, the compression

passages 70 are closed by the valve disc 76.
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[0037] The rebound valve assembly 64 includes a spacer 80, a valve
disc assembly 82, a retainer 84, and a spring 86. The spacer 80 is disposed
between the piston body 60 and the nut 68. The spacer 80 retains the piston
body 60 and the compression valve assembly 62 while permitting the tightening
of the nut 68 without compressing either the valve disc 76 or the valve disc
assembly 82. The valve disc assembly 82 is slidingly received on the spacer 80
and abuts with the piston body 60. The valve disc assembly 82 substantially
closes the rebound passages 72 while leaving the compression passages 70
open. The retainer 74 is also slidingly received on the spacer 80 and it abuts to
the valve disc assembly 82. The valve disc assembly 82 includes a plurality of
discs 88 in which at least one is a bleed disc 90 (FIGS. 3B and 5). The bleed
disc 90 permits a limited amount of bleed flow bypassing the rebound valve
assembly 64.

[0038] During a rebound stroke, fluid in the upper working chamber 42
is pressurized causing fluid pressure to react against the valve disc assembly 82.
When the fluid pressure reacting against the valve disc assembly 82 overcomes
the bending load for the valve disc assembly 82, the valve disc assembly 82
elastically deflects opening the rebound passages 72 allowing fluid flow from the
upper working chamber 42 to the lower working chamber 44. Prior to the
deflection of the valve disc assembly 82, a controlled amount of fluid flows from
the upper working chamber 42 to the lower working chamber 44 through the
bleed disc 90 to provide damping at low piston speeds.

[0039] With reference to FIG. 4, an example of the base valve
assembly 38 is presented. The base valve assembly 38 includes a valve body
92, a compression valve assembly 94, and a rebound valve assembly 96. The
valve body 92 defines a plurality of compression passages 98 and a plurality of
rebound passages 100.

[0040] The compression valve assembly 94 comprises a valve disc
assembly 102. The valve disc assembly 102 includes a plurality of discs in which
at least one of the discs may be the bleed disc 90 to permit a limited amount of
bleed flow bypassing the compression valve assembly 94. When fluid pressure
is applied to the valve disc assembly 102, the discs elastically deflect at the outer
peripheral edge to open the compression valve assembly 94.

7
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[0041] During a compression stroke, fluid in the lower working chamber
44 is pressurized and the fluid pressure within the compression passages 98
eventually opens the compression valve assembly 94 by deflecting the valve disc
assembly 102. The compression valve assembly 94 of the piston assembly 32
allows fluid flow from the lower working chamber 44 to the reservoir chamber 50.
Prior to the deflection of the valve disc assembly 102, a controlled amount of fluid
flows from the lower working chamber 44 to the reservoir chamber 50 through the
bleed disc 90 to provide damping at low piston speeds.

[0042] The rebound valve assembly 96 includes a valve disc 104 and a
valve spring 106. The valve disc 104 abuts to the valve body 92 and closes the
rebound passages 100. The valve spring 106 biases the valve disc 104 against
the valve body 92. During a rebound stroke, fluid in the lower working chamber
44 is reduced in pressure causing fluid pressure in the reservoir chamber 50 to
react against the valve disc 104. When the fluid pressure against the valve disc
104 overcomes the biasing load of the valve spring 106, the valve disc 104
separates from the valve body 92 to open the rebound passages 100 and allow
fluid flow from the reservoir chamber 50 to the lower working chamber 44.

[0043] During the compression stroke of the shock absorber 20, the
damping characteristics may be controlled by the compression valve assembly
62 and/or the compression valve assembly 94 which accommodates the flow of
fluid from the lower working chamber 44 to the reservoir chamber 50. During the
rebound stroke, the damping characteristics may be controlled by the rebound
valve assembly 64 and/or the rebound valve assembly 96. At low piston speeds,
the damping characteristics of the shock absorber is controlled by the bleed disc
90 provided in the valve disc assembly 82 and/or the valve disc assembly 102.

[0044] In the example embodiment, the shock absorber 20 is depicted
as a dual tube shock absorber. Alternatively, the shock absorber may be another
type of shock absorber, such as a mono-tube shock absorber, a triple-tube shock
absorber or any other suitable shock absorber known in the art. For example,
FIGS. 5-6 depict an example of a shock absorber 110 having a mono-tube
configuration which can be used in the vehicle 10. Similar to the shock absorber
20, the shock absorber 110 includes a pressure tube 112, a piston assembly 114,
and a piston rod 116.
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[0045] The pressure tube 112 defines a fluid chamber 118. The piston
assembly 114 is slidably disposed within the pressure tube 112 and divides the
fluid chamber 118 into an upper working chamber 120 and a lower working
chamber 122. Valving within the piston assembly 114 controls the movement of
fluid between the upper working chamber 120 and the lower working chamber
122 during movement of the piston assembly 114 within the pressure tube 112.

[0046] As shown in FIG. 6, the piston assembly 114 may include a
compression valve assembly 124, a piston body 126, and a rebound valve
assembly 128. The piston assembly 104 is arranged on the piston rod 108 such
that the compression valve assembly 124 abuts with a shoulder on the piston rod
116, the piston body 126 abuts to the compression valve assembly 124, the
rebound valve assembly 128 abuts to the piston body 126.

[0047] The compression valve assembly 124 includes a retainer 130, a
pair of spacers 132 and a valve disc assembly 134. In a similar manner, the
rebound valve assembly includes the retainer 130, the pair of spacers 132, and
the valve disc assembly 134. Accordingly, the piston assembly 114 includes the
valve disc assembly 134 on either side of the piston body 126. Similar to the
valve disc assembly 82, the valve disc assemblies 134 include the plurality of
discs 88 which includes at least one bleed disc 90 as described herein.

[0048] The piston body 126 defines a plurality of compression
passages 136 and a plurality of rebound passages 138. The compression
passages 136 and the rebound passages 138 extend through the piston body
126. The valve disc assembly 134 of the compression valve assembly 124
closes the compression passages 136 and keeps the rebound passages 138
open. The valve disc assembly 134 of the rebound valve assembly 128 closes
the rebound passages 138, and keeps the compression passages 136 open.

[0049] During a compression stroke, fluid in the lower working chamber
122 is pressurized and the fluid pressure within the compression passages 136
eventually opens the compression valve assembly 124 by deflecting the valve
disc assembly 134. Thus, fluid flows through the compression passages 136 into
the upper working chamber 120. Fluid flow through the rebound passages 138 is
prohibited by the valve disc assembly 134 of the rebound valve assembly 128

which seals against a sealing land 140. Prior to the deflection of the valve disc
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assembly 134 of the compression valve assembly 124, a controlled amount of
fluid flows from the lower working chamber 122 to the upper working chamber
120 through the bleed disc 90 to provide damping at low piston speeds.

[0050] During a rebound stroke, fluid in the upper working chamber 120
is pressurized and the fluid pressure within the rebound passages 138 eventually
opens the rebound valve assembly 128 by deflecting the valve disc assembly
134. Thus, fluid flows through the rebound passages 138 into the lower working
chamber 122. Fluid flow through the compression passages 136 is prohibited by
the valve disc assembly 134 of the compression valve assembly 124 which seals
against a sealing land 142. Prior to the deflection of the valve disc assembly 134
of the rebound valve assembly 128, a controlled amount of fluid flows from the
upper working chamber 120 to the lower working chamber 122 through the bleed
disc 90 to provide damping at low piston speeds.

[0051] FIG. 7 depicts an example of the plurality of discs 88 having the
bleed disc 90. The plurality of discs 88 may also include a reservoir disc 150 and
a base disc 152. The reservoir disc 150 defines one or more apertures 154. The
apertures 154 may be positioned close to the inner diameter of the reservoir disc
150. The bleed disc 90 can be disposed between the reservoir disc 150 and the
base disc 152. The base disc 152 fully covers the bleed disc 90. It is understood
that the valve disc assemblies (82, 102, 134) herein may have different number
of discs and different types of bleed discs. For example, the valve disc assembly
for a piston assembly may be different from a valve disc assembly for a base
valve assembly.

[0052] FIGS. 8-10B depict an example of the bleed disc 90. The bleed
disc 90 defines one or more orifices 202. The orifice 200 has a substantially non-
linear contour with multiple portions or sections that have different areas. For
example, the orifice 200 may have a flow reservoir 204, a bleed channel 206, and
an outlet 208. The orifice 200 extends from a position close to an inner diameter
210 to the outer diameter 212. The flow reservoir 204 is formed close to the
inner diameter 210 of the bleed disc 90. In the assembled condition, the flow
reservoir 204 of the bleed disc 90 aligns with the aperture 154 of the reservoir
disc 150. The fluid flowing through the piston enters the apertures 154 and
collects in the flow reservoir 204.

10
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[0053] The bleed channel 206 fluidly couples the flow reservoir 204 and
the outlet 208. As shown in FIG. 10A, the bleed channel 206 may have an inlet
portion 213, a choke point 214, and an outlet portion 215. The inlet portion 213
couples the flow reservoir 204 and the choke point 214. The outlet portion 215
couples the choke point 214 and the outlet 208. The inlet portion 213 and the
outlet portion 215 have a tapered opening that gradually decrease toward the
choke point 214, thereby forming the bleed channel 206 having an hour glass
shape. The choke point 214 has a width 216 and a length 218 to restrict the flow
of fluid from the flow reservoir 204 to the outlet 208 (FIG. 10B). The outlet 208
extends from the choke point 214 to the outer diameter 212 of the bleed disc 90.
The flow reservoir 204, the bleed channel 206, and the outlet 208 of the orifice
200 form a varying flow area which extends from a position close to the inner
diameter 210 to the outer diameter 212. More particularly, the orifice 200 has a
nozzle design to control the flow of fluid. As fluid collects in the flow reservoir
204, the fluid flows through the bleed channel 206. The flow reservoir 204 and
the outlet 208 have an area larger than the choke point 214. Accordingly, as the
fluid flows from the flow reservoir 204 into the bleed channel 206, the pressure of
the fluid increases due to the decrease in area. Thus, the velocity of the fluid
entering the choke point 214 may decrease. Furthermore, as the fluid flows from
the choke point 214 into the outlet 208, the pressure of the fluid decreases,
thereby increasing the velocity of the fluid. Specifically, the fluid flows from an
area of high pressure (i.e., the choke point 214) to an area of low pressure (i.e.,
outlet 208). The pressure formed by the choke point 214 pushes the fluid out into
the outlet 208.

[0054] The choke point 214 is configured such that the change in
velocity of the fluid is due to the change in pressure as the fluid flows through the
bleed channel 206. In addition to an increase in pressure, the temperature of the
fluid may also increase as the fluid flows through the choke point 214.
Accordingly, the length of the choke point 214 is minimized to reduce an increase
in temperature of the fluid. Specifically, the width 216 of the choke point 214 is
greater than the length 218 of the choke point 214. Furthermore, the fluid flows
through the outlet 208 which has a larger width than the choke point 214, and,
thus, allows the fluid to spread into a larger area, thereby cooling the fluid.

11
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[0055] The profile of the bleed channel 206 controls the damping
characteristics of the shock absorber during low piston speeds. More particularly,
the choke point 214 of the bleed channel 206 restricts the amount of fluid flowing
through the orifice 200. For example, the width 216 of the choke point 214, the
length 218 of the choke point 214, the angle of the inlet portion 213, the angle of
the outlet portion 215, and the thickness of the bleed disc 90 can be adjusted to
optimize the damping characteristics of the shock absorber during low piston
speeds. Thus, the orifice of the bleed disc can be adjusted based on the desired
dampening characteristics of the shock absorber.

[0056] While FIGS. 8 and 9 depict the bleed disc 90 as including four
orifices 202, the bleed disc 90 may have one or more orifices 202. Furthermore,
the valve disc assembly may include more than three discs 88, where at least
one of the discs 88 is the bleed disc.

[0057] The shape of the orifice 200 may also vary. For example, FIGS.
11A-11D depict different types of orifices. FIG. 11A depicts an orifice 250 which
includes a flow reservoir 252, a bleed channel 254 with a choke point 256, and an
outlet 258. The flow reservoir 252 has a tear-drop shape, and the profile of the
outlet 208 has a curved shape.

[0058] FIG. 11B depicts an orifice 300 which includes a flow reservoir
302, a bleed channel 304 with a choke point 306, and an outlet 308. The flow
reservoir 302 has a heart like shape, and the profile of the outlet 308 has a “V”
like shape or a tapered linear shape.

[0059] FIG. 11C depicts an orifice 350 which includes a flow reservoir
352, a bleed channel 354 with a choke point 356, and an outlet 358. The flow
reservoir 352 has a circular shape, and the profile of the outlet 358 has a “V” like
shape or a tapered linear shape.

[0060] FIG. 11D depicts an orifice 400 which includes a flow reservoir
402, a bleed channel 404 with a choke point 406, and an outlet 408. The flow
reservoir 402 has a tear-drop shape like FIG. 11A, and the profile of the outlet
408 has a “V” like shape or a tapered linear shape.

[0061] Similar to the orifice 200 of FIGS. 8-10, the orifices (250, 300,
350, 400) have a profile with varying area. The orifices (250, 300, 350, 400) of
FIGS. 11A-11D, are configured such that the flow reservoir (252, 302, 350, 402)

12
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and the outlet (258, 308, 358, 408) have a larger area than the choke point (256,
306, 356, 406). Accordingly, the fluid flowing through the bleed channel (254,
304, 354, 404) experiences a change in velocity due to the change in pressure.

[0062] In the example embodiments shown in FIGS. 8-11D, the choke
point is positioned between the flow reservoir and the outlet. Alternatively, the
position of the choke point may be adjusted to control the damping characteristics
of the shock absorber. For example, FIGS. 12A-12B depict an orifice 500 and an
orifice 550. The orifices 500 and 550 have a choke point 508 positioned
substantially at the outer diameter 212 of the bleed disc 90. Specifically, the
orifice 500 includes a flow reservoir 502 and a bleed channel 504. The flow
reservoir 502 is positioned close to the inner diameter 210 of the bleed disc 90,
and extends to the choke point 508.

[0063] The bleed channel 504 includes an inlet portion 506 and the
choke point 508. The inlet portion 506 forms a tapered passage toward the
choke point 508 with the flow reservoir 502. The choke point 508 is disposed at
the outer diameter 212 of the bleed disc 90. More particularly, the fluid from the
flow reservoir 502 flows through the choke point 508 and bleeds out from the
bleed disc 90. The fluid does not flow into an outlet of the orifice before bleeding
out from the bleed disc 90. Instead, the fluid flows directly out of the bleed disc
90.

[0064] The orifice 550 of FIG. 12B depicts another example of an
orifice which has a flow reservoir 552 and a bleed channel 554 with a choke point
556 at the outer diameter 212. The flow reservoir 552 has a wider tear-drop
shape than the flow reservoir 502, and the choke point 556 has a width greater
than the choke point 508.

[0065] Similar to the orifice 200, the orifices 500, 550 have a profile
with varying area. Specifically, the flow reservoirs 502, 552 has a larger area
than the choke point 508, 556. Furthermore the area of the flow reservoir 502,
552 varies such that the area closest to the inner diameter 210 of the bleed disc
90 is greater than the area closest to the outer diameter 212 of the bleed disc 90.
Accordingly, as the fluid flows from the flow reservoir 502, 552 into the bleed
channels 504, 554, the pressure of the fluid increases due to the decrease in
area. Thus, the velocity of the fluid entering the choke points 508, 556
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decreases. Furthermore, as the fluid bleeds out from the choke points 508, 556,
the pressure of the fluid decreases, thereby increasing the velocity of the fluid.
Specifically, the fluid flows from an area of high pressure (i.e., the choke points
508,556) to an area of low pressure (i.e, out of the bleed disc 90). The pressure
formed by the choke points 508, 556 pushes the fluid out.

[0066] FIG. 13 depicts an orifice 600 which also has a profile with
varying area. The orifice 600 has a flow reservoir 602 and a bleed channel 604.
The bleed channel 604 has a width 606 which forms a choke point 608. The
choke point 608 has a length 610 which extends to the outer diameter 212 of the
bleed disc 90.

[0067] The flow reservoir 602 has a width and area greater than the
choke point 608. Accordingly, as the fluid flows from the flow reservoir 602 into
the bleed channel 604, the pressure of the fluid increases due to the decrease in
area. Thus, the velocity of the fluid entering the choke point 608 decreases.
Furthermore, as the fluid flows out or bleeds out from the choke point 608, the
pressure of the fluid may decrease, thereby increasing the velocity of the fluid.
Specifically, the fluid flows from an area of high pressure (i.e., the choke point
608) to an area of low pressure (i.e, out of the bleed disc 90). However, the
length 610 of the choke point 608 is longer than the length 218 of the choke point
214. With the longer length, the temperature of the fluid flowing through the
choke point 608 may also increase. Thus, changing the viscosity of the fluid.
The change in viscosity causes a change in pressure which affects the damping
characteristics of the shock absorber during low piston speeds. Accordingly,
while the orifice 600 has varying area, it is preferred to minimize the length of the
choke point to control or restrict the flow fluid through the orifice.

[0068] 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
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the disclosure, and all such modifications are intended to be included within the
scope of the disclosure.

[0069] 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 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.

[0070] The terminology used herein is for the purpose of describing
particular example embodiments only and is not intended to be limiting. As used

herein, the singular forms "a,” "an,” and "the" may be intended to include the

plural forms as well, unless the context clearly indicates otherwise. The terms

"comprises,” "comprising,” “including,” and “having,” are inclusive and therefore
specify the presence of stated features, elements, and/or components, but do not
preclude the presence or addition of one or more other features, elements,
components, and/or groups thereof.

[0071] 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, connected 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.
[0072] Although the terms first, second, third, etc. may be used herein
to describe various elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should not be limited by

these terms. These terms may be only used to distinguish one element,
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component, region, layer or section from another region, layer or section. Terms

such as *first,” “second,” and other numerical terms when used herein do not
imply a sequence or order unless clearly indicated by the context. Thus, a first
element, component, region, layer or section discussed below could be termed a
second element, component, region, layer or section without departing from the
teachings of the example embodiments.

[0073] 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 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; and

a valve disc assembly engaging the piston and controlling the flow of fluid
between the upper working chamber and the lower working chamber, wherein the
valve disc assembly includes a bleed disc that defines an orifice with a
substantially non-linear contour that extends to an outer diameter of the bleed
disc, the orifice of the bleed disc forms a bleed channel between the upper

working chamber and the lower working chamber.

2. The shock absorber of claim 1 wherein the orifice of the bleed disc
has a flow reservoir and a choke point, the flow reservoir is positioned in
proximity of an inner diameter of the bleed disc, and the choke point is positioned
in proximity of the outer diameter, the flow reservoir and the choke point are
fluidly coupled, and an area of the flow reservoir is greater than an area of the

choke point.

3. The shock absorber of claim 1 wherein the orifice of the bleed disc
has a first portion, a second portion, and a third portion, the second portion fluidly
couples the first portion and the third portion, the second portion has an area
smaller than the first portion and smaller than the third portion.

4. The shock absorber of claim 1 wherein the orifice of the bleed disc
has a first portion that substantially has a rounded shape and a second portion
that substantially has an hour glass shape, the second portion is fluidly coupled
to the first portion at one end and forms an outlet at the other end opposite of the
first portion, and the first portion has an area greater than the second portion.
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5. The shock absorber of claim 1 wherein the bleed disc includes a

plurality of the orifices.

6. The shock absorber of claim 1 wherein the orifice of the bleed disc
has a flow reservoir and a choke point, the flow reservoir and the choke point are
fluidly coupled, a length of the choke point is less than a width of the choke point,

and an area of the flow reservoir is greater than an area of the choke point.

7. The shock absorber of claim 6 wherein the orifice of the bleed disc
has an outlet fluidly coupled to the flow reservoir by way of the choke point, the
outlet extends to the outer diameter of the bleed disc, and an area of the outlet is

larger than the area of the choke point.

8. The shock absorber of claim 1 wherein the valve disc assembly

includes a plurality of discs, and the bleed disc is among the plurality of discs.

9. The shock absorber of claim 1 further comprising:

a compression valve assembly controlling the flow of fluid between the
compression passage and the upper working chamber, wherein the compression
valve assembly opens the compression passage in response to a pressure
exerted onto the compression valve assembly by the fluid in the lower working,
and

a rebound valve assembly controlling the flow of fluid between the rebound
passage and the lower working chamber, wherein the rebound valve assembly
opens the rebound passage in response to a pressure exerted onto the rebound
valve assembly by the fluid in the upper working chamber.

10. The shock absorber of claim 9 wherein

the compression valve assembly and the rebound valve assembly each

include the valve disc assembly,
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the valve disc assembly of the compression valve assembly forms the
bleed channel between the compression passage and the upper working
chamber, and

the valve disc assembly of the rebound valve assembly forms the bleed
channel between the rebound passage and the lower working chamber.

11. 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 the flow of fluid through the compression
passage; and

a rebound valve assembly engaging the piston and controlling the flow of
fluid through the rebound passage, the rebound valve assembly including a valve
disc assembly, wherein the valve disc assembly includes a bleed disc that
defines an orifice that fluidly couples the rebound passage and the lower working
chamber, the orifice has a substantially non-linear contour that extends to an
outer diameter of the bleed disc and has a choke point positioned before the

outer diameter.

12.  The shock absorber of claim 11 wherein a length of the choke point
is smaller than a width of the choke point.

13. The shock absorber of claim 11 wherein the bleed disc includes a
plurality of the orifices.

14. The shock absorber of claim 11 wherein the orifice of the bleed disc

has a first portion and a second portion which are fluidly coupled by the choke
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point, and the choke point has an area smaller than the first portion and smaller
than the third portion.

15.  The shock absorber of claim 11 wherein the orifice of the bleed disc
has a flow reservoir disposed in proximity of an inner diameter of the bleed disc,
the choke point has an outlet defined at the outer diameter of the bleed disc and
an inlet fluidly coupled to the flow reservoir, and an area of the choke point is

smaller than an area of the flow reservoir.

16.  The shock absorber of claim 11 wherein the orifice of the bleed disc
has a first portion that substantially has a rounded shape, the choke point
substantially has an hour glass shape, the choke point is fluidly coupled to the
first portion at one end and forms an outlet at the other end opposite of the first

portion.

17.  The shock absorber of claim 11 wherein the valve disc assembly of
the rebound valve assembly includes a plurality of discs, and the bleed disc is

among the plurality of discs.

18.  The shock absorber of claim 11 wherein

the compression valve assembly includes a second valve disc assembly,
the second valve disc assembly includes a bleed disc that defines an orifice that
fluidly couples the compression passage and the upper working chamber, the
orifice has a substantially non-linear contour that extends to an outer diameter of

the bleed disc and has a choke point positioned before the outer diameter.

19. 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 first compression passage and a first rebound passage, wherein
the first compression passage and the first rebound passage extend through the

piston between the upper working chamber and the lower working chamber;
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a first compression valve assembly engaging the piston, wherein the first
compression valve assembly controls the flow of fluid through the first
compression passage;

a first rebound valve assembly engaging the piston and controlling the flow
of fluid through the first rebound passage, the first rebound valve assembly
including a first valve disc assembly, wherein the first valve disc assembly
includes a bleed disc that defines an orifice that fluidly couples the rebound
passage and the lower working chamber, the orifice has a substantially non-linear
contour that extends to an outer diameter of the bleed disc and has a choke point
positioned before the outer diameter;

a reserve tube surrounding the pressure tube, wherein the reserve tube
and the pressure tube define a reservoir chamber;

a valve body defining a second compression passage and a second
rebound passage, the second compression passage and the second rebound
passage extend through the valve body between the lower working chamber and
the reservoir chamber;

a second compression valve assembly engaging the valve body and
controlling the flow of fluid through the second compression passage, the second
compression valve assembly including a second valve disc assembly, wherein
the second valve disc assembly includes a bleed disc that defines an orifice that
fluidly couples the second compression passage and the reservoir chamber, the
orifice has a substantially non-linear contour that extends to an outer diameter of
the bleed disc and has a choke point positioned before the outer diameter; and

a second rebound valve assembly engaging the valve body, wherein the
second rebound valve assembly controls the flow of fluid through the second

rebound passage.

20. The shock absorber of claim 19 wherein the orifices of the bleed
discs of the first valve disc assembly and the second valve disc assembly each
have a flow reservoir disposed in proximity of the inner diameter of the bleed
discs, the flow reservoir is fluidly coupled to the choke point, and an area of the

flow reservoir is greater than an area of the choke point.
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21.  The shock absorber of claim 19 wherein the orifices of the bleed
discs has an outlet fluidly coupled to the flow reservoir by way of the choke point,
the outlet extends to the outer diameter of the bleed disc, and an area of the
outlet is larger than the area of the choke point.

22. The shock absorber of claim 19 wherein for the bleed discs of the

first valve disc assembly and the second valve disc assembly, a length of the
choke points is smaller than a width of the choke points.
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