2012/071764 A1 | I 000 010 RO OO

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization é A0 00 0O OO O

International Bureau

9 (10) International Publication Number
(43) International Publication Date ./ WO 2012 /07 1 764 Al
7 June 2012 (07.06.2012) WIPOIPCT

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F16F 9/346 (2006.01) F16K 5/10(2006.01) kind of national protection available): AE, AG, AL, AM,
FI6F 9/10 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
M I ional Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: PCTICNOL 1000548 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
cTic HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
30 March 2011 (30.03.2011) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
- . OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(25) Filing Language: English SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,

(26) Publication Language: English UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/417,495 29 November 2010 (29.11.2010) Us kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): BELJING ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
WEST INDUSTRIES CO., LTD. [CN/CN]; No. 1 Jiao TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Dao Dong Xi Da Jie, Doudian Town, Fangshan District, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Beijing 102402 (CN). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventor; and ML. MR. NE. SN. TD. TG
(75) Inventor/Applicant (for US only): LUN, Saiman > -NE, SN, TD, TG).
[US/US]; 10582 Willow Brook Drive, Centerville, Ohio Declarations under Rule 4.17:

45458 (US). . , . . o
— as to the applicant’s entitlement to claim the priority of the
(74) Agent: KING & WOOD MALLESONS LAWYERS; earlier application (Rule 4.17(iii))
20th Floor, East Tower, World Financial Centre, No. 1

Dongsanhuan Zhonglu, Chaoyang District, Beijing 100020 Published:
(CN). —  with international search report (Art. 21(3))
(54) Title: HYDRAULIC DAMPER ASSEMBLY
A 303
~
N
7""\/\ " 7‘

[ﬁ
o
2

Pig. 2 98 34

(57) Abstract: Disclosed is a hydraulic damper assembly, wherein a valve housing (78) having a valve housing bore (88) is disposed
in abutting relationship with a bypass insert (68) of a base valve assembly (56) for isolating a bypass passage (70) from a reservoir
(36). The valve housing (78) defines a valve housing orifice (128) extending therethrough to define an orifice plane (P). A valve
(106) is rotatably disposed within the valve housing bore (88) and detines at least one valve orifice (130) extending therethrough
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HYDRAULIC DAMPER ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The subject invention pertains to a hydraulic damper assembly including
a base valve assembly.

Description of the Prior Art

The hydraulic damper assemblies to which the subject invention pertains
are assemblies which damper opposing forces by a flow of a working fluid
between a compression chamber and a reservoir chamber. One such hydraulic
damper assembly is disclosed in U.S. Patent 6,651,788 granted to Wohlfarth
wherein a hydraulic damper assembly includes an inner-tube extending about
an axis and having a compression chamber for receiving a working fluid. An
outer-tube extends about the axis and is disposed in surrounding relationship
with the inner-tube to define a reservoir chamber between the tubes. A base
valve assembly is disposed between the tubes and has at least one base orifice
extending through the base valve assembly for establishing fluid
communication between the chambers. A bypass insert extends through the
base valve assembly and defines a bypass passage for establishing secondary
fluid communication between the chambers. A valve housing is disposed in
abutting relationship with the bypass insert and has a valve housing bore for
isolating the bypass passage from the reservoir chamber, and the valve
housing defines a valve housing orifice extending therethrough to define an
orifice plane P extending parallel with the valve housing orifice.

Although the prior art hydraulic damper assemblies are able to establish
a a secondary fluid communication through the bypass passage and the valve
housing orifice, there remains a need for a design which selectively

establishes the secondary fluid communication independent of a pressure in
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the compression chamber.

SUMMARY OF THE INVENTION AND ADVANTAGES

The invention provides for a valve rotatably disposed within the valve
housing bore and defining at least one valve orifice extending therethrough
along the plane and being rotatable about the axis between a closed position
and an open position to align the valve orifice and the valve housing in the
open position whereby fluid flows serially through the bypass passage and the
valve orifice and the valve housing orifice and is prevented from doing so in
the closed position in response to the valve covering the valve housing orifice.

One advantage of the invention is that the valve functions as an on/off
mechanism that controls flow through the aligned orifices independent of a
pressure in the compression chamber. Accordingly, the valve more selectively
establishes fluid flow through the bypass passage and the valve housing
orifice. In addition, the rotatable valve can be controlled by a user, and
therefore allows for additional fluid flow through the base valve asSembly
based on a preference or selection by the user. For example, the hydraulic
damper assembly could provide sporty handling when a sport mode of a
vehicle is desired, while alternatively providing smooth and quiet handling
when a comfort mode of the vehicle is desired. Also, the valve design can be
adapted to a current hydraulic damper assembly with minimal effect on the

manufacturing processes, resulting in a low cost option to improve damping.

BRIEF DESCRIPTION OF THE DRAWINGS

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

wherein:
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Figure 1 is an cross-sectional view of a hydraulic damper assembly
Shdwing a base valve assembly disposed between an inner-tube and an
outer-tube;

Figure 2 is a fragmentary and cross-sectional view of the preferred
configuration of the base valve assembly showing a valve disposed in an open
position to align a valve orifice with a valve housing orifice of a valve
housing;

Figure 3 is a fragmentary and cross sectional view similar to Figure 2 but
showing an additional modulating valve overlaying the valve housing orifice;
and

Figure 4 is a cross-sectional view taken along line 4-4 of Figure 3.

DETAILED DESCRIPTION OF THE ENABLING EMBODIMENT

Referring to the Figures, wherein like numerals indicate corresponding
parts throughout the several views, a hydraulic damper assembly is generally
shown in Figure 1. The hydraulic damper assembly includes an inner-tube 22
extending along an inner-tube length L; and about an axis A between an
inner-top end 24 and an inner-bottom end 26. The inner-tube 22 has a
compression chamber 28 for receiving a working fluid. An outer-tube 30 is
disposed in surrounding relationship with the inner-tube 22 and extends along
an outer-tube length L, being greater than the inner-tube length L;. The
outer-tube 30 is disposed about the axis A in parallel and spaced relationship
with the inner-tube 22 from an outer-top end 32 to an outer-bottom end 34 to
define a reservoir chamber 36 between the tubes 22, 30.

A valve piston 38 is disposed in sealing and sliding engagement within
the inner-tube 22 along the axis A between a rebound position wherein the
piston 38 is disposed next adjacent the top end of the inner-tube 22 and a

compression position wherein the piston 38 is disposed next adjacent the
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bottom end 26 of the inner-tube 22. A rod 40 extends upwardly from the
valve piston 38 along the axis A to a rod end 42 disposed outwardly from the
top end 32 of the outer-tube 30. An upper cap 44 is disposed in sealing
engagement with the top ends 24, 32 of the tubes 22, 30 to define a rebound
chamber 46 in the inner-tube 22 being closed between the upper cap 44 and
the valve piston 38. The upper cap 44 has a rod opening 48 being sized
complementary to and in sealing engagement with the rod 40 for receiving
and guiding the rod end 42. The outer-tube 30 includes a bottom cap 50
having a bottom surface 52 closing the bottom end 34 of the outer-tube 30
and a top surface 54 in spaced relationship with the bottom end 26 of the
inner-tube 22.

A base valve assembly 56 is disposed on the axis A between the bottom
end 26 of the inner-tube 22 and the top surface 54 of the bottom cap 50 to
further define the compreésion chamber 28 in the inner-tube 22 being closed
between the base valve assembly 56 and the valve piston 38. As best shown in
Figures 2 and 3, the base valve assembly 56 includes a base 58 having an
annular shoulder 60 for receiving the bottom end 26 of the inner-tube 22 and
a plurality of legs 62 extending axially from the base 58 in parallel and
annularly spaced relationship with the outer-tube 30 for engaging the top
surface 54 of the bottom cap 50. Accordingly, the reservoir chamber 36
further includes the space disposed inwardly from the legs 62 between the
base 58 and the bottom cap 50 along with radial passages 64 disposed
between the adjacent legs 62.

The base 58 defines at least one base orifice 66 extending axially
through the base 58 for establishing fluid communication between the
compression chamber 28 and the reservoir chamber 36. The base orifice 66
has a base orifice diameter Dy, for establishing a first restricted fluid flow

from the compression chamber 28 to the reservoir chamber 36 in response to
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axial movement of the valve piston 38 between the rebound and compression
positions. The base valve assembly 56 includes a bypass insert 68 extending
through the base 58 and which defines a bypass passage 70 disposed along the
“axis A between an entrance end 72 open to the compression chamber 28 and
an exit end 74 open to the reservoir chamber 36 for establishing secondary
fluid communication between the compression and reservoir chambers 28, 36.

The bottom cap 50 defines a bottom bore 76 extending along the axis A
between the surfaces 52, 54, and a valve housing 78 having a body portion 80
being cylindrical extends axially within the bottom bore 76. The valve
housing 78 extends between a first housing end 82 disposed in abutting
relationship with the bypass insert 68 for isolating the exit end 74 of the
bypass passage 70 from the reservoir chamber 36 and a second housing end
84 disposed outwardly from the bottom end of the bottom cap 50. The valve
housing 78 has a flange portion 86 disposed about the first housing end 82
and which extends radially outwardly from the body portion 80 between the
top surface 54 of the bottom cap 50 and the bypass insert 68. The valve
housing 78 also presents a valve housing bore 88 extending between the
housing ends 82, 84.

The valve housing 78 includes a first groove 90 extending annularly
~ about the axis A in the flange portion 86, and a first seal 92 is disposed in the
first groove 90 for establishing sealed relationship between the bypass insert
68 and the valve housing 78. The valve housing 78 also includes a second
groove 94 extending annularly about the axis A in the body portion 80, and a
second seal 96 is disposed in the second groove 94 for establishing sealed
relationship between the bottom bore 76 and the valve housing 78. The
preferred embodiment of the first and second seals 92, 96 are o-rings,
however any comparable seal could be used.

The valve housing bore 88 is counterbored 98 from each of the housing

5
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ends 82, 84 to define an annular projection 100 presenting a first mechanical
shoulder 102 and a second mechanical shoulder 104 extending radially
outwardly from the valve housing bore 88. A valve 106 having a central
portion 108 being cylindrical is rotatably disposed within the valve housing
bore 88 and includes a lip portion 110 extending radially from the central
portion 108 in abutting relationship with the first mechanical shoulder 102 for
supporting the valve 106 within the valve housing bore 88. The valve housing
78 also has a collar portion 112 extending axially from the lip portion 110
along the counterbore 98 adjacent the first housing end 82 to define an
entrance cavity 114 being closed about the exit end 74 of the bypass passage
70 for receiving the working fluid from the bypass passage 70 in response to
axial movement of the valve piston 38 between the rebound and compression
positions. The valve 106 includes a valve shaft 116 extending downwardly
from the central portion 108 along the axis A to a shaft end 118 disposed next
adjacent the second housing end 84 of the valve housing 78. The valve 106
includes a third groove 120 extending annularly about the axis A in the
central portion 108, and a third seal 122 is disposed in the third groove 120
for establishing sealed relationship between the valve 106 and the valve
housing bore 88. Similar to the first and second seals 92, 96, the third seal 122
is preferably an o-ring, however any comparable seal could be used. The
valve 106 defines a notch 124 extending annularly about the axis A in the
central portion 108 next adjacent the second mechanical shoulder 104, and a
clip 126 is disposed in the notch 124 and extends axially in abutting
relationship with the second mechanical shoulder 104 for preventing axial
movement of the valve 106 within the valve housing bore 88.

The flange portion 86 of the valve housing 78 defines a valve housing
orifice 128 extending radially therethrough to define an orifice plane P

extending parallel with the valve housing orifice 128 and intersecting the axis
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A. Correspondingly, the collar portion 112 of the valve 106 defines at least
one valve orifice 130 extending radially therethrough along the plane P. A
drive mechanism such as an electrical motor, pneumatic actuator, mechanical
linkage or the like is coupled to the valve shaft 116 for rotating the valve 106
about the axis A between a closed position and an open position. In the open
position, the valve orifice 130 and the valve housing orifice 128 are aligned
whereby the working fluid flows serially through the bypass passage 70 and
the entrance cavity 114 and the valve orifice 130 and the valve housing orifice
128. Accordingly, when the valve 106 is disposed in the open position, the
valve 106 provides for an additional fluid flow path when the valve piston 38
moves from the rebound to compression position.‘ However, in the closed
position, fluid is pfevented from flowing through the valve orifice 130 and
valve housing orifice 128 in response to the collar portion 112 covering the
valve housing orifice 128. Therefore, the valve 106 functions as an on/off
mechanism and selectively allows the additional flow path through the valve
housing orifice 128.

The valve housing orifice 128 has a valve housing orifice diameter Dy,
for establishing a second restricted fluid flow from the compression chamber
28 to the reservoir chamber 36 which supplements the first restricted fluid
flow when the valve 106 is disposed in the open position and the valve piston
38 moves between the rebound and compression positions. In-addition, the
valve orifice 130 has a valve orifice diameter D,, being smaller than the valve
housing orifice diameter D,;, for calibrating the second restricted fluid flow.

A modulating valve 134 is disposed in said reservoir chamber 36 and
overlays the valve housing orifice 128 for variably and incrementally
increasing the second restricted fluid flow through the aligned orifices 128,

130 in response to an increase in the pressure in the entrance cavity 114 above

a predetermined pressure. The modulating valve 134 provides for a tuning
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feature which allows fluid pressure in the valve housing orifice 128 to
increase to a desirable point, followed by the opening of the modulating valve
134 to allow for fluid flow out of the valve housing orifice 128. This feature
provides a level of control under low damper velocity like in cornering and
braking, but under high damper velocity, the modulating valve 134 opens and
allows fluid flow for improved comfort.

The modulating valve 134 could be a traditional blow-off spring, or the
like. However, as best shown in Figufe 4, the preferred embodiment of the
modulating valve 134 is a collar spring 136 disposed annularly about the
flange portion 86 for expanding circumferentially in response to the increase
in the pressure in the valve housing orifice 128 above the predetermined
pressure. The valve housing 78 includes a locking tab 138 extending radially
outwardly from the flange, and the collar spring 136 is interconnected to the
locking tab 138 for preventing the collar spring 136 from rotating about the
valve housing 78. |

Obviously, many modifications and variations of the present invention
are possible in light of the above teachings and may be practiced otherwise
than as specifically described while within the scope of the appended claims.
These antecedent recitations should be interpreted to cover any combination
in which the inventive novelty exercises its utility. The use of the word "said"
in the apparatus claims refers to an antecedent that is a positive recitation
meant to be included in the coverage of the claims whereas the word "the"
precedes a word not meant to be included in the coverage of the claims. In
addition, the reference numerals in the claims are merely for convenience and

are not to be read in any way as limiting.
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CLAIMS

What is claimed is:

1. A hydraulic damper assembly comprising;:

an inner-tube extending about an axis and having a compression
chamber for receiving a working fluid,

an outer-tube extending about said axis and disposed in surrounding
relationship with said inner-tube to define a reservoir chamber between said
tubes,

a base valve assembly disposed between said tubes and having at least
one base orifice extending through said base valve assembly for establishing
fluid communication between said chambers,

a bypass insert extending through said base valve assembly and defining
a bypass passage for establishing secondary fluid communication between
said chambers,

a valve housing disposed in abutting relationship with said bypass insert
and having a valve housing bore for isolating said bypass passage from said
reservoir chamber,

said valve housing defining a valve housing orifice extending
therethrough to define an orifice plane extending parallel with said valve
housing orifice, and

a valve rotatably disposed within said valve housing bore and defining at
least one valve orifice extending therethrough along said plane and being
rotatable about said axis between a closed position and an open position to
align said valve orifice and said valve housing orifice in said open position
whereby fluid flows serially through said bypass passage and said valve
orifice and said valve housing orifice and is prevented from doing so in said

closed position in response to said valve covering said valve housing orifice.
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2. An assembly as shown in claim 1 wherein said 'valvé ho_using
orifice has a valve housing orifice diameter for establishing a restricted fluid
flow through said valve housing orifice in response to said valve Being
disposed in said open position, and said valve orifice has a valve orifice
diameter being smaller than said valve housing orifice diameter for
calibrating said restricted fluid flow.

3. An assembly as shown in claim 1 further including a modulating
valve overlaying said valve housing orifice for variably and incrementally
increasing the fluid flow through said aligned orifices in response to an
increase in pressure in said valve housing orifice above a predetermined
pressure.

4, An assembly as shown in claim 3 wherein said modulating valve
comprises a collar spring disposed annularly about said valve housing for
expanding circumferentially in response to said increase in pressure in said
valve housing orifice above said predetermined pressure.

5. An assembly as shown in claim 4 wherein said valve housing
includes a locking tab extending radially outwardly, and said collar spring
being interconnected to said locking tab for preventing rotation of said collar
spring about said valve housing. |

6. An assembly as shown in claim 1 wherein

said outer-tube includes a bottom cap defining a bottom bore extending
along said axis,

said valve housing has a body portion being cylindrical and extending
axially within said bottom bore between a first housing end disposed in
abutting relationship with said bypass insert and a second housing end
disposed outwardly from said bottom cap,

said valve housing has a flange portion disposed about said first housing

end and extending radially outwardly from said body portion between said
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bottom cap and said bypass insert for supporting said valve housing within
said bottom bore.

7. An assembly as shown in claim 6 wherein

said valve housing bore extends between said housing ends,

said valve housing is counterbored about said first housing end to define
an annular projection presenting a first mechanical shoulder extending
radially outwardly from said valve housing bore,

said valve has a central portion being cylindrical and rotatably disposed
within said valve housing bore, and

said valve housing has a lip portion extending radially from said central
portion in abutting relationship with said first mechanical shoulder for
supporting said valve within said valve housing bore.

8. An assembly as set forth in claim 7 wherein said valve housing
has a collar portion extending axially from said lip portion along said
counterbore next adjacent said first housing end to present an entrance cavity
being closed about said bypass passage for receiving the working fluid from
said bypass passage.

9. An assembly as set forth in claim 8 wherein said flange portion of
said valve housing defines said valve housing orifice extending radially
therethrough and said collar portion of said valve defines said valve orifice
extending radially therethrough and said orifice plane intersects said axis.

10. An assembly as set forth in claim 6 wherein

said valve housing bore is counterbored about said second housing end
to further define said annular projection and present a second mechanical
shoulder extending radially outwardly from said valve housing bore,

said valve defines a notch extending annularly about said axis in said
central portion next adjacent said second mechanical shoulder, and

said hydraulic damper assembly further comprises a clip disposed in said

11
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notch and extending axially in abutting relationship with said second
mechanical shoulder for preventing axial movement of said valve within said
valve housing bore.

11. An assembly as set forth in claim 7 wherein said valve includes a
valve shaft extending downwardly from said central portion along said axis to
a shaft end and a drive mechanism coupled to said valve shaft for rotating
said valve between said closed and open positions. |

12.  An assembly as set forth in claim 6 wherein said valve housing
includes a first groove extending annularly about said axis in said flange and a
first seal disposed in said first groove for establishing sealed relationship
between said bypass insert and said valve housing.

13.  An assembly as set forth in claim 6 wherein said valve housing
includes a second groove extending annularly about said axis in said body
portion and a second seal disposed in said second groove for establishing
sealed relationship between said bottom bore and said valve housing.

14.  An assembly as set forth in claim 7 wherein said valve including a
third groove extending annularly about said axis in said central portion and a
third seal disposed in said third groove for establishing sealed relationship

between said valve and said valve housing bore.
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