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extends generally parallel with the axis of the shock absorber and is attached to the reserve tube of the shock absorber. The inlet to
the external valve is in communication with an intermediate chamber which is in communication with the working chamber of the
shock absorber. The outlet of the valve is in communication with the reserve chamber of the shock absorber. The external valve
controls the damping loads in both a compression and an extension stroke of the shock absorber.
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SEMI THIRD TUBE DESIGN

FIELD

[0001] The present disclosure relates to a hydraulic damper or shock
absorber for use in a suspension system such as suspension system used for
automotive vehicles. More particularly, the present disclosure relates to a
hydraulic damper or shock absorber having an externally mounted
electromagnetic control valve. The externally mounted electromagnetic control
valve is attached directly to the reserve tube and extends in a direction parallel to
the axis of the reserve tube.

BACKGROUND

[0002] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0003] A conventional hydraulic damper or shock absorber comprises
a cylinder which is adapted at one end for attachment to the sprung or unsprung
mass of a vehicle. A piston is slidably disposed within the cylinder with the
piston separating the interior of the cylinder into two fluid chambers. A piston rod
is connected to the piston and extends out of one end of the cylinder where it is
adapted for attachment to the other of the sprung or unsprung mass of the
vehicle. A first valving system is typically incorporated within the piston functions
during the shock absorber’s extension stroke of the piston with respect to the
cylinder to create a damping load. A second valving system typically
incorporated within the piston in a mono-tube design and in the base valve
assembly in a dual-tubé design functions during the shock absorber’s
compression stroke of the piston with respect to the cylinder to create a damping
load.

[0004] Various types of adjustment mechanisms have been developed
to generate damping forces in relation to the speed and/or amplitude of the
displacement of the sprung or unsprung mass. These adjustment mechanisms
have mainly been developed to provide a relatively small or low damping
characteristic during the normal steady state running of the vehicle and a

relatively large or high damping characteristic during vehicle maneuvers
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requiring extended suspension movements. The normal steady state running of
the vehicle is accompanied by small or fine vibrations of the unsprung mass of
the vehicle and thus the need for a soft ride or low damping characteristic of the
suspension system to isolate the sprung mass from these small vibrations.
During a turning or braking maneuver, as an example, the sprung mass of the
vehicle will attempt to undergo a relatively slow and/or large movement or
vibration which then requires a firm ride or high damping characteristic of the
suspension system to support the sprung mass and provide stable handling
characteristics to the vehicle. These adjustable mechanisms for the damping
rates of a shock absorber offer the advantage of a smooth steady state ride by
isolating the high frequency/small amplitude excitations from the unsprung mass
while still providing the necessary damping or firm ride for the suspension
system during vehicle maneuvers causing low frequency/large excitations of the
sprung mass. Often, these damping characteristics are controlled by an
externally mounted control valve.

[0005] The continued development of shock absorbers includes the
development of adjustment systems which provide the vehicle designer with a
continuously variable system which can be specifically tailored to a vehicle to
provide a specified amount of damping in relation to various monitored
conditions of the vehicle and its suspension system as well as being able to be

packaged within the vehicle when space for the system is limited.

SUMMARY

[0006] A shock absorber according to the present disclosure includes
a pressure tube defining a working chamber. A piston is slidably disposed on
the pressure tube within the working chamber and the piston divides the working
chamber into an upper working chamber and a lower working chamber. A
reserve tube surrounds the pressure tube to define a reserve chamber. An
intermediate tube is disposed between the reserve tube and the pressure tube to
define an intermediate chamber. An external control valve is secured to the
reserve tube such that the external valve assembly is disposed generally parallel

to the axis of the reserve tube. The external control valve is in communication
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with the intermediate chamber and the reserve chamber. An inlet to the control
valve is in communication with the intermediate chamber and an outlet of the
control valve is in communication with the reserve chamber. The control valve
generates different pressure flow characteristics for the damper or shock
absorber which controls the damping characteristics for the damper or shock
absorber. The different pressure-flow characteristics are a function of the
current supplied to the control valve.

[0007] Further areas of applicability will become apparent from the
description provided herein. |t should be understood that the description and
specific examples are intended for purposes of illustration only and are not
intended to limit the scope of the present disclosure.

DRAWINGS

[0008] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.

[0009] Figure 1 illustrates an automotive vehicle which incorporates
shock absorbers in accordance with the present disclosure;

[0010] Figure 2 is a cross-sectional side view of one of the shock
absorbers illustrated in Figure 1;

[0011] Figure 3 is an enlarged cross-sectional side view of the
externally mounted control valve illustrated in Figure 2 showing fluid flow in a
compression stroke; and

[0012] Figure 4 is an enlarged cross-sectional side view of the
externally mounted control valve illustrated in Figure 2 showing fluid flow in an
extension stroke.

DETAILED DESCRIPTION
[0013] The following description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses. Referring now
to the drawings in which like reference numerals designate like components

throughout the several views, there is shown in Figure 1 a vehicle incorporating



10

15

20

25

30

WO 2009/017608 PCT/US2008/008740

a suspension system having shock absorbers in accordance with the present
disclosure, and which is designated by the reference numeral 10.

[0014] Vehicle 10 includes a rear suspension 12, a front suspension
14 and a body 16. Rear suspension 12 has a transversely extending rear axle
assembly (not shown) adapted to operatively support a pair of rear wheels 18.
The rear axle is attached to body 16 by means of a pair of shock absorbers 20
and by a pair of springs 22. Similarly, front suspension 14 includes a
transversely extending front axle assembly (not shown) to operatively support a
pair of front wheels 24. The front axle assembly is attached to body 16 by
means of 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, 14) with respect to the sprung
portion (i.e., body 16) of vehicle 10. While vehicle 10 has been depicted as a
passenger car having front and rear axle assemblies, 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 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 will include McPherson struts and other damper
designs known in the art.

[0015] Referring now to Figure 2, shock absorber 26 is shown in
greater detail. While Figure 2 illustrates only shock absorber 26, it is to be
understood that shock absorber 20 also includes the control valve design
described below for shock absorber 26. Shock absorber 20 only differs from
shock absorber 26 in the manner in which it is adapted to be connected to the
sprung and unsprung masses of vehicle 10. Shock absorber 26 comprises a
pressure tube 30, a piston assembly 32, a piston rod 34, a reserve tube 36, a
base valve assembly 38, an intermediate tube 40 and an externally mounted
control valve 42.

[0016] Pressure tube 30 defines a working chamber 44. Piston
assembly 32 is slidably disposed within pressure tube 30 and divides working
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chamber 44 into an upper working chamber 46 and a lower working chamber 48.
A seal is disposed between piston assembly 32 and pressure tube 30 to permit
sliding movement of piston assembly 32 with respect to pressure tube 30 without
generating undue frictional forces as well as sealing upper working chamber 46
from lower working chamber 48. Piston rod 34 is attached to piston assembly 32
and extends through upper working chamber 46 and through an upper rod guide
assembly 50 which closes the upper end of pressure tube 30. A sealing system
seals the interface between upper rod guide assembly 50, reserve tube 36 and
piston rod 34. The end of piston rod 34 opposite to piston assembly 32 is
adapted to be secured to the sprung mass of vehicle 10. Because piston rod 34
extends only through upper working chamber 46 and not lower working chamber
48, extension and compression movements of piston assembly 32 with respect
to pressure tube 30 causes a difference in the amount of fluid displaced in upper
working chamber 46 and the amount of fluid displaced in lower working chamber
48. The difference in the amount of fluid displaced is known as the “rod volume”
and during extension movements it flows through base valve assembly 38.
During a compression movement of piston assembly 32 with respect to pressure
tube 30, valving within piston assembly 32 allow fluid flow from lower working
chamber 48 to upper working chamber 46 and the “rod volume” of fluid flow
flows through control valve 42 as described below.

[0017] Reserve tube 36 surrounds pressure tube 30 to define a fluid
reserve chamber 52 located between tubes 30 and 36. The bottom end of
reserve tube 36 is closed by a base cup 54 which is adapted to be connected to
the unsprung mass of vehicle 10. The upper end of reserve tube 36 is attached
to upper rod guide assembly 50. Base valve assembly 38 is disposed between
lower working chamber 48 and reserve chamber 52 to control the flow of fluid
from reserve chamber 52 to lower working chamber 48. When shock absorber
26 extends in length, an additional volume of fluid is needed in lower working
chamber 48 due to the “rod volume” concept. Thus, fluid will flow from reserve
chamber 52 to lower working chamber 48 through base valve assembly 38 as
detailed below. When shock absorber 26 compresses in length, an excess of

fluid must be removed from lower working chamber 48 due to the “rod volume”
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concept. Thus, fluid will flow from lower working chamber 48 through piston
assembly 32, through control valve 42 to reserve chamber 52 as detailed below.

[0018] Piston assembly 32 comprises a piston body 60, a compression
valve assembly 62 and an extension valve assembly 64. A nut 66 is assembled
to piston rod 34 to secure compression valve assembly 62, piston body 60 and
extension valve assembly 64 to piston rod 34. Piston body 60 defines a plurality
of compression passages 68 and a plurality of extension passages 70. Base
valve assembly 38 comprises a valve body 72, an extension valve assembly 74
and a compression valve assembly 76. Valve body 72 defines a plurality of
extension passages 78 and a plurality of compression passages 80.

[0019] During a compression stroke, fluid in lower working chamber 48
is pressurized causing fluid pressure to react against compression valve
assembly 62. Compression valve assembly 62 acts as a check valve between
lower working chamber 48 and upper working chamber 46. The damping
characteristics for shock absorber 26 during a compression stroke are controlled
by control valve 42 alone and possibly by control valve 42 working in parallel
with base valve assembly 38 as described below. Control valve 42 controls the
flow of fluid from lower working chamber 48 to upper working chamber 46 to
control valve 42 to reserve chamber 52 due to the “rod volume” concept during a
compression stroke as discussed below. Compression valve assembly 76
controls the flow of fluid from lower working chamber 48 to reserve chamber 52
during a compression stroke. Compression valve assembly 76 can be designed
as a safety hydraulic relief vaive, a damping valve working in parallel with control
valve 42 or compression valve assembly can be removed from base valve
assembly 38. During an extension stroke, compression passages 68 are closed
by compression valve assembly 62.

[0020] During an extension stroke, fluid in upper working chamber 46
is pressurized causing fluid pressure to react against extension valve assembly
64. Extension valve assembly 64 is designed as either a safety hydraulic relief
valve which will open when the fluid pressure within upper working chamber 46
exceeds a predetermined limit or as a typical pressure valve working in parallel

with control valve 42 to change the shape of the damping curve as discussed
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below. The damping characteristics for shock absorber 26 during an extension
stroke are controlled by control valve 42 alone or by control valve 42 in parallel
with extension valve assembly 64 as discussed below. Control valve 42 controls
the flow of fluid from upper working chamber 46 to reserve chamber 52.
Replacement flow of fluid into lower working chamber 48 during an extension
stroke flows through base valve assembly 38. Fluid in lower working chamber
48 is reduced in pressure causing fluid pressure in reserve chamber 52 to open
extension valve assembly 74 and allow fluid flow from reserve chamber 52 to
lower working chamber 48 through extension passages 78. Extension valve
assembly 74 acts as a check valve between reserve chamber 52 and lower
working chamber 48. The damping characteristics for shock absorber 26 during
an extension stroke are controlled by control valve 42 alone and possibly by
extension valve assembly 64 in parallel with control valve 42 as described below.

[0021] Intermediate tube 40 engages upper rod guide assembly 50 on
an upper end and it extends partially through reserve chamber 52 to engage a
double-sided sealing ring 82 to define an intermediate chamber 84. Double-
sided sealing ring 82 sealingly engages pressure tube 30, reserve tube 36,
control valve 42 and intermediate tube 40 and divides reserve chamber 52 into
an upper reserve chamber 86 and a lower reserve chamber 88. A second
single-sided sealing ring 90 sealingly engages intermediate tube 40, reserve
tube 36 and control valve 42. A fluid inlet 92 in communication with intermediate
chamber 84 is defined between double-sided sealing ring 82 and single-sided
ring 90, a first fluid outlet 94 in communication with upper reserve chamber 86 is
defined between double-sided sealing ring 82 and reserve tube 36 and a second
fluid outlet 96 in communication with lower reserve chamber 88 is defined
between single-sided sealing ring 90 and reserve tube 36.

[0022] Referring now to Figures 3 and 4, control valve 42 is illustrated
in greater detail. Control valve 42 comprises a lower valve housing 100, an
upper valve housing 102, a housing cap 104, a valve assembly 106, a solenoid
valve assembly 108, and three transfer rings 110. Lower valve housing 100 is
attached to upper valve housing 102. Housing cap 104 is attached to upper
valve housing 102 to define a second reserve chamber 112,
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[0023] Control valve 42 is secured to reserve tube 36 using the three
transfer rings 110. One transfer ring 110 defines first fluid outlet 94, a second
transfer ring 110 defines fluid inlet 92 and the third transfer ring 110 defines
second fluid outlet 96. Fluid inlet 92 is in communication with intermediate
chamber 84 through a plurality of holes 114 extending through intermediate tube
40. An additional weld indicated at 116 can be utilized to secure control valve 42
to reserve tube 36 if necessary. First fluid outlet 94, second fluid outlet 96 and
fluid inlet 92 must always be located as low as possible so they are always under
the fluid level in upper reserve chamber 86 indicated by reference numeral 118.
This will avoid the creation of foam which has a negative influence on the
working of shock absorber 26.

[0024] Valve assembly 106 and solenoid valve assembly 108 are
disposed within the assembly of lower valve housing 100, upper valve housing
102 and housing cap 104. Valve assembly 106 includes a valve seat 120 and
solenoid valve assembly 108 includes a valve body assembly 122. Valve seat
120 defines an axial bore 124 which receives fluid from fluid inlet 92. Valve body
assembly 122 defines an axial bore 126 and a plurality of radial passages 128
which communicate with first fluid outlet 94, second fluid outlet 96, and second
reserve chamber 112. First fluid outlet 94 is in communication with upper
reserve chamber 86 and second fluid outlet 96 is in communication with lower
reserve chamber 88.

[0025] Referring to Figure 3, the operation of shock absorber 26 will be
described when control valve 42 alone controls the damping loads for shock
absorber 26 during a compression stroke. During a compression stroke,
compression valve assembly 62 will open to allow fluid flow from lower working
chamber 48 to upper working chamber 46. Due to the “rod volume” concept,
fluid in upper working chamber 46 will flow to upper reserve chamber 86 as
detailed below.

[0026] First, a small amount of fluid, the bleed flow, will flow through at
least one bleed passage (not shown) extending through upper rod guide
assembly 50 into upper reserve chamber 86. Once the bleed flow has reached

its maximum fluid flow, the main fluid flow, will flow through a passageway 132
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formed in upper rod guide assembly 50 and into intermediate chamber 84. The
fluid will flow from intermediate chamber 84 through the plurality of holes 114
into fluid inlet 92. The higher or main flow damping characteristics for shock
absorber 26 are determined by the configuration of valve assembly 106 and
solenoid valve assembly 108. As such, valve assembly 106 and solenoid valve
assembly 108 are configured to provide a predetermined damping function which
is controlled by the signal provided to solenoid valve assembly 108. The
predetermined damping function can be anywhere between a soft damping
function to a firm damping function based upon the operating conditions of
vehicle 10. At low piston velocities, control valve 42 remains closed and fluid
flows through the bleed passages. At higher piston velocities, as fluid flow |
increases, fluid pressure against a plunger 134 of valve body assembly 122 will
separate plunger 134 of valve body assembly 122 from a valve seat 136 of valve
body assembly 122 and fluid will flow between plunger 134 of valve body
assembly 122 and valve seat 136 of valve body assembly 122, through radial
passages 128, through first fluid outlet 94 to upper reserve chamber 86 and into
second reserve chamber 112 as illustrated by the arrows in Figure 3. The fluid
level in second reserve chamber 112 is indicated by reference numeral 120.
The damping characteristics for shock absorber 26 during a compression stroke
will be controlled by the design of valve assembly 106, the design of solenoid
valve assembly 108 and the amount of current supplied to solenoid valve
assembly 108.

[0027] Referring to Figure 4, the operation of shock absorber 26 will be
described when control valve 42 alone controls the damping loads for shock
absorber 26 during an extension stroke. During an extension stroke,
compression valve assembly 62 will close to prohibit fluid flow from upper
working chamber 46 to lower working chamber 48.

[0028]  First, a small amount of fluid, the bleed flow, will flow through
the at least one bleed passage extending through upper rod guide assembly 50
into upper reserve chamber 88. Once the bleed flow has reached its maximum
fluid flow, the main fluid flow, will flow through passageway 132 formed in upper

rod guide assembly 50 and into intermediate chamber 84. The fluid will flow
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from intermediate chamber 84 through the plurality of holes 114 into fluid inlet
92. The higher or main flow damping characteristics for shock absorber 26 are
determined by the configuration of valve assembly 106 and solenoid valve
assembly 108. As such, valve assembly 106 and solenoid valve assembly 108
are configured to provide a predetermined damping function which is controlled
by the signal provided to solenoid valve assembly 108. The predetermined
damping function can be anywhere between a soft damping function to a firm
damping function based upon the operating conditions of vehicle 10. At low
piston velocities, control valve 42 remains closed and fluid flows through the
bleed passages. At higher piston velocities, as fluid flow increases, fluid
pressure against plunger 134 of valve body assembly 122 will separate plunger
134 of valve body assembly 122 from valve seat 136 of valve body assembly
122 and fluid will flow between plunger 134 of valve body assembly 122 and
valve seat 136 of valve body assembly 122, through radial passages 128,
through second fluid outlet 96 to lower reserve chamber 88 and into second
reserve chamber 112 as illustrated by the arrows in Figure 4. The damping
characteristics for shock absorber 26 during a compression stroke will be
controlled by the design of valve assembly 106, the design of solenoid valve
assembly 108 and the amount of current supplied to solenoid valve assembly
108.

10
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CLAIMS
What is claimed is:

1. A shock absorber comprising:

a pressure tube forming a working chamber;

a piston assembly slidably disposed within said pressure tube, said
piston assembly dividing said working chamber into an upper working chamber
and a lower working chamber;

a reserve tube disposed around said pressure tube;

an intermediate tube disposed between said pressure tube and
said reserve tube, an intermediate chamber being defined between said
intermediate tube and said pressure tube, a first reserve chamber being defined
between said reserve chamber and said pressure tube;

a first sealing ring disposed within said first reserve chamber, said
first sealing ring dividing said first reserve chamber into an upper reserve
chamber and a lower reserve chamber;

a valve assembly mounted to said reserve tube, said valve
assembly having an inlet in communication with said intermediate chamber, a
first outlet in communication with said upper reserve chamber and a second

outlet in communication with said lower reserve chamber.

2. The shock absorber according to Claim 1, wherein said valve
assembly comprises a cylindrical housing defining a housing axis and said
reserve tube defines a reserve tube axis, said housing axis being parallel to said
reserve tube axis.

3. The shock absorber according to Claim 2, wherein said housing
axis is spaced from said reserve tube axis.

4. The shock absorber according to Claim 1, wherein said valve
assembly defines a second reserve chamber.

11
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5. The shock absorber according to Claim 4, wherein said valve
assembly comprises a variable valve disposed between said inlet and said
second reserve chamber.

6. The shock absorber according to Claim 5, wherein said variable
valve is disposed between said inlet and said outlets.

7. The shock absorber according to Claim 1, wherein said valve

assembly comprises a solenoid valve assembly.

8. The shock absorber according to Claim 1, wherein said valve
assembly comprises a variable valve disposed between said inlet and said

outlets.

9. The shock absorber according to Claim 1, further comprising a
second sealing ring disposed within said first reserve chamber, said second

sealing ring sealing said first reserve chamber from said intermediate chamber.

10. The shock absorber according to Claim 9, wherein said inlet is

disposed between said first and second sealing rings.

11. The shock absorber according to Claim 1, further comprising a
second sealing ring disposed within said upper reserve chamber, said second
sealing ring sealing said upper reserve chamber from said intermediate

chamber.

12. The shock absorber according to Claim 11, wherein said inlet is
disposed between said first and second sealing rings.

12
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