57083293 A1 | IV Y0 A O T

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date
9 September 2005 (09.09.2005)

A 00 0 OO

(10) International Publication Number

WO 2005/083293 Al

(51)
21

(22)
(25)
(26)
(30)

(63)

(71)

(72)
(75)

F16F 9/36

International Patent Classification’:

International Application Number:
PCT/US2005/002390

International Filing Date: 26 January 2005 (26.01.2005)

Filing Language: English

Publication Language: English
Priority Data:

10/779,592 13 February 2004 (13.02.2004) US

Related by continuation (CON) or continuation-in-part
(CIP) to earlier application:

Us 10/779,592 (CON)
Filed on 13 February 2004 (13.02.2004)
Applicant (for all designated States except US): TEN-

NECO AUTOMOTIVE OPERATING COMPANY
INC. [US/US]; 500 North Field Drive, Lake Forest,
Illinois 60045 (US).

Inventors; and

Inventors/Applicants (for US only): LEMMENS,

(74)

(81)

(84)

Robby [BE/BE]; Bollisstraat 29, B-3990 Wijchmaal/Prer
(BE). DE MAESSCHALCK, Tom [BE/BE]; Banhages-
traat 21/11, B-3052 Blanden (BE). VERDEYEN, Dirk
[BE/BE]; Begordelosstraat 20, B-3800 St. Truide (BE).
BOON, Peter [BE/BE]; Spiegthojuoctburg 6812, B-1850
Yimburgen (BE).

Agents: MILLER, H. Keith et al.; HARNESS, DICKEY
& PIERCE, PL.C., P.O. Box 828, Bloomfield Hills, Michi-
gan 48303 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
TJ,TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,

[Continued on next page]

(54) Title: ROD GUIDE AND SEAL SYSTEM FOR GAS FILLED SHOCK ABSORBERS

& (57) Abstract: A gas shock absorber has a pressure tube which defines a working chamber. A piston assembly divides the working
& chamber into an upper working chamber and a lower working chamber. A plurality of extension passages extend through the piston

assembly and are opened and closed by an extension valve assembly. A plurality of compression passages extend through the piston
assembly and are opened and closed by a compression valve assembly. A rod guide assembly is located between the pressure tube
and the piston rod. The rod guide assembly includes an oil chamber for sealing and lubricating the piston rod. An axially movable
piston maintains the pressure within the oil chamber equal to the pressure in the upper working chamber.



WO 2005/083293 Al

0 00000 0O O

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA,

ZM, ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ,
NA, SD, SL, 87, TZ, UG, ZM, ZW), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR,
HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, S, SK,
TR), OAPI patent (BF, BI, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for all designations

Published:

with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.



WO 2005/083293 PCT/US2005/002390

10

15

20

25

30

ROD GUIDE AND SEAL SYSTEM FOR GAS FILLED SHOCK ABSORBERS

FIELD OF THE INVENTION
[0001] The present invention relates generally to dampers and
shock absorbers adapted for use in a suspension system such as the
suspension system used for automotive vehicles. More particularly, the
present invention relates to a rod guide assembly for a shock absorber which

utilizes a gas rather than a hydraulic liquid as the damping medium.

BACKGROUND OF THE INVENTION

[0002] Shock absorbers are used in conjunction with automotive
suspension systems to absorb unwanted vibrations which occur during
driving. To absorb the unwanted vibrations, shock absorbers are generally
connected between the sprung portion (body) and the unsprung portion
(suspension) of the automobile. A piston is located within a pressure tube of
the shock absorber and the pressure tube is normally attached to the
unsprung portion of the vehicle. The piston is normally attached to the sprung
portion of the vehicle through a piston rod which extends through the pressure
tube. The piston divides the pressure tube into an upper working chamber
and a lower working chamber both of which are typically filled with a hydraulic
liquid. Because the piston is able, through valving, to limit the flow of the
hydraulic liquid between the upper and the lower working chambers when the
shock absorber is compressed or extended, the shock absorber is able to
produce a damping force which counteracts the vibration which would
otherwise be transmitted from the unsprung portion of the vehicle to the
sprung portion of the vehicle. In a dual tube shock absorber, a fluid reservoir
or reserve chamber is defined between the pressure tube and a reserve tube.
A base valve is located between the lower working chamber and the reserve
chamber to also produce a damping force which counteracts the vibrations
which would otherwise be transmitted from the unsprung portion of the vehicle
to the sprung portion of the vehicle.

[0003] Shock absorbers filled with a hydraulic liquid have met with
continuous success throughout the automotive industry. While meeting with

success in the automotive industry, hydraulic liquid filled shock absorbers are
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not without their problems. One problem with these prior art shock absorbers
is the difficulty to make them sensitive to the frequency of the vibrations.
Complex systems have been developed to produce hydraulic liquid filled
shock absorbers which are relatively soft for high frequency vibrations while
being relatively stiff for low frequency vibrations. Other problems associated
with the prior art hydraulic liquid filled shock absorbers include the variability
in their damping forces due to the temperature changes of the hydraulic liquid.
As the temperature of the hydraulic liquid changes, the viscosity of the liquid
also changes which significantly affects the damping force characteristics of
the liquid. In addition, any aeration of the hydraulic liquid during operation
adversely affects the operation of the damper due to the introduction of a
compressible gas into a non-compressible hydraulic liquid. Finally, the
hydraulic liquid adds to the weight of the shock absorber as well as presenting
environmental concerns regarding the use of a hydraulic liquid.

[0004] In order to overcome some of the problems with shock
absorbers which utilize hydraulic liquid as the damping medium, shock
absorbers have been developed which utilize a gas such as air as the
damping medium. The use of a gas as the damping medium produces a
frequency dependent damper which is less sensitive to temperature changes
when compared to hydraulic liquid dampers, it is not adversely affected by
aeration over time, it is lower in weight and it is environmental friendly due to
the elimination of the hydraulic liquid.

[0005] While gas filled shock absorbers have addressed some of
the problems associated with hydraulic liquid dampers, they are not without
their own unique problems. One area that presents problems for the gas filled
shock absorbers is the sealing system incorporated into the rod guide
assembly which seals and lubricates the piston rod. In most prior art gas
springs or gas filled shock absorbers, the sealing system incorporated into the
rod guide assembly consists of two seals with an oil chamber positioned
between them. The oil provides lubrication for the seals and it forms an extra
barrier to the gas molecules in order to guarantee a perfect sealing. A
problem with this prior art design is that the pressure in the oil chamber can
increase over time. The pressure is at atmospheric pressure when the shock

absorber is manufactured and it increases up to the static pressure of the
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working chamber or even worse, up to the highest dynamic pressure
occurring in the working chamber over time. Such a pressure raise causes an
increase in the amount of seal friction and thus the accelerated wear of the
seals. The cause of this increase in pressure is the migration of gas
molecules through the seal from the high pressure side (working chamber) to
the low pressure side (oil chamber).

[0006] The continued development of gas filled shock absorbers
has been the development of improved sealing system for the rod guide
assembly which address the above described issues.

SUMMARY OF THE INVENTION

[0007] The present invention provides the art with an improved
sealing system for a rod guide assembly. The sealing system includes a pair
of seals with an oil chamber located between them. The lower seal is located
on a movable piston. The movable piston moves axially within the working
chamber in order to balance the pressure between the oil chamber and the
working chamber of the shock absorber.

[0008] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should
be understood that the detailed description and specific examples, while
indicating the preferred embodiment of the invention, are intended for
purposes of illustration only and are not intended to limit the scope of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will become more fully understood
from the detailed description and the accompanying drawings, wherein:

[0010] Figure 1 is an illustration of an automobile incorporating a
gas filled shock absorber which includes the sealing system according to the
present invention;

[0011] Figure 2 is a side view, partially in cross-section, of the shock
absorber illustrated in Figure 1 which incorporates the sealing system in
accordance with the present invention;

[0012] Figure 3 is an enlarged schematic cross-sectional view of the
piston valving system illustrated in Figure 2;

[0013] Figure 4 is an enlarged cross-sectional view of the rod guide
assembly illustrated in Figure 2 and which incorporates the sealing system in
accordance with the present invention;

[0014] Figure 5 is a graph illustrating frequency versus dissipation
for both a liquid filled prior art shock absorber and the gas filled shock
absorber according to the present invention;

[0015] Figure 6 is an enlarged cross-sectional view of a rod guide
assembly in accordance with another embodiment of the present invention;
and,

[0016] Figure 7 is an enlarged cross-sectional view of a rod guide
assembly in accordance with another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses.

[0018] Referring now to the drawings in which like reference
numerals designate like or corresponding parts throughout the several views,
there is shown in Figure 1 a vehicle incorporating a suspension system having
the frequency dependant dampers in accordance with the present invention
which is designated generally by the reference numeral 10. Vehicle 10

includes a rear suspension system 12, a front suspension system 14 and a
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body 16. Rear suspension system 12 includes a pair of independent
suspensions adapted to operatively support a pair of rear wheels 18. Each
rear independent suspension is attached to body 16 by means of a shock
absorber 20 and a helical coil spring 22. Similarly, front suspension 14
includes a pair of independent suspensions adapted to operatively support a
pair of front wheels 24. Each independent front suspension is attached to
body 16 by means of a shock absorber 26 and a helical coil spring 28. Rear
shock absorbers 20 and front shock absorbers 26 serve to dampen the
relative movement of the unsprung portion of vehicle 10 (i.e., front and rear
suspension systems 12 and 14 respectively) with respect to the sprung
portion (i.e., body 16) of vehicle 10. While vehicle 10 has been depicted as a
passenger vehicle having independent front and rear suspensions, shock
absorbers 20 and 26 may be used with other types of vehicles having other
types of suspensions and springs or in other types of applications including,
but not limited to, vehicles incorporating air springs, leaf springs, non-
independent front and/or non-independent rear suspension systems. One of
the unique features of the present invention is that if it is combined with an air
spring, the air spring and the shock absorber can be separate units or the
units can communicate with each other. There is no need to provide
communication between the air spring and the shock absorber but it is an
option that may provide some advantages. Further, the term “shock
absorber” as used herein is meant to refer to dampers in general and thus will
include MacPherson struts, spring seat units as well as other shock absorber
designs known in the art.

[0019] Referring to Figure 2, rear shock absorber 20 is shown in
greater detail. While Figure 2 shows only rear shock absorber 20, it is to be
understood that front shock absorber 26 could also be designed as a
frequency dependent damper having the rod guide assembly in accordance
with the present invention. Front shock absorber 26 would only differ from
rear shock absorber 20 in the way it is adapted to be connected to the sprung
and unsprung portions of vehicle 10 and in the dimensions of the various
components. Shock absorber 20 comprises a pressure tube 30, a piston
assembly 32, a piston rod 34 and a rod guide assembly 36.
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[0020] Pressure tube 30 defines a working chamber 42. Working
chamber 42 is filled with a gas, preferably air, at a specified pressure to act as
the damping medium. Piston assembly 32 is slidably disposed within working
chamber 42 and divides working chamber 42 into an upper working chamber
44 and a lower working chamber 46. A seal assembly 48 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 44 from
lower working chamber 46. Piston rod 34 is attached to piston assembly 32
and extends through upper working chamber 44 and through rod guide
assembly 36 which closes the upper end of pressure tube 30. The end of
piston rod 34 opposite to piston assembly 32 is adapted to be secured to the
sprung portion of vehicle 10. The end of pressure tube 30 opposite to rod
guide assembly 36 is adapted to be connected to the unsprung portion of
vehicle 10. While piston rod 34 is shown adapted for being connected to the
sprung portion of vehicle 10 and pressure tube 30 is adapted for being
connected to the unsprung portion of vehicle 10, due to the use of a gas as
the damping medium, it is within the scope of the present invention to have
piston rod 34 adapted to attach to the unsprung portion of vehicle 10 and
pressure tube 30 adapted to attach to the sprung portion of vehicle 10 if
desired.

[0021] Referring now to Figures 2 and 3, piston assembly 32
comprises a piston body 52, a compression valve assembly 54 and a rebound
valve assembly 56. Piston rod 34 defines a reduced diameter section 58 onto
which piston assembly 32 is located. A nut 60 and a washer 62 secure piston
assembly 32 onto section 58 of piston rod 34 with piston assembly 32 abutting
a shoulder 64 located on piston rod 34.

[0022] Seal assembly 48 comprises a first annular seal 66 located
between piston body 52 and pressure tube 30 at a position near upper
working chamber 44 and a second annular seal 68 located between piston
body 52 at a position near lower working chamber 46. While seal assembly
48 is being illustrated as a multi-piece component, it is within the scope of the
present invention to manufacture seal assembly 48 as a single piece

component if desired. Seal assembly 48 permits sliding motion of piston body
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52 with respect to pressure tube 30 without generating undue frictional forces
as well as providing a seal between upper working chamber 44 and lower
working chamber 46. This dual role played by seal assembly 48 is extremely
important for the gas shock absorber due to the high pressures generated in
working chambers 44 and 46 with the continued need for limiting the sliding
forces generated between piston assembly 32 and pressure tube 30.

[0023] Piston body 52 defines a plurality of compression passages
70 and a plurality of extension passages 72. During a compression
movement of shock absorber 20, gas flows from lower working chamber 46 to
upper working chamber 44 through compression passages 70 as described
below. During an extension movement of shock absorber 20, gas flows from
upper working chamber 44 to lower working chamber 46 through extension
passages 72 as described below.

[0024] Compression valve assembly 54 comprises a plurality of
retainers 74, a plurality of valve springs 76 and a plurality of valve members
78. Each valve member 78 is biased against piston body 52 by a respective
valve spring 76 which reacts against a respective valve retainer 74 to normally
close a respective one of the plurality of compression passages 70. During a
compression stroke of shock absorber 20, the gas in lower working chamber
46 is compressed including the gas within the plurality of compression
passages 70. The compressed gas in compression passages 70 exerts a
force on valve members 78 which will remain seated closing compression
passages 70 until the force created by the gas pressure overcomes the
biasing load of valve springs 76 unseating valve members 78 from piston
body 52 allowing gas to flow from lower working chamber 46 to upper working
chamber 44 through compression passages 70. While valve members 78 are
illustrated schematically as balls, any valve member including valve discs or
other devices that function to open and close passages 70 can be used.

[0025] Rebound valve assembly 56 comprises a plurality of
retainers 84, a plurality of valve springs 86 and a plurality of valve members
88. Each valve member 88 is biased against piston body 52 by a respective
valve spring 86 which reacts against a respective valve retainer 84 to normally
close a respective one of the plurality of extension passages 72. During an

extension stroke of shock absorber 20, the gas in upper working chamber 44
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is compressed including the gas within the plurality of extension passages 72.
The compressed gas in extension passages 72 exerts a force on valve
members 88 which will remain seated closing extension passages 72 until the
force created by the gas pressure overcomes the biasing load of valve springs
86 unseating valve members 88 from piston body 52 allowing gas to flow from
upper working chamber 44 to lower working chamber 46 through extension
passages 72. While valve members 88 are illustrated schematically as balls,
any valve member including valve discs or other devices which function to
open and close passages 70 can be used.

[0026] Referring now to Figures 2 and 4, rod guide assembly 36
provides both a sealing function for shock absorber 20 as well as a lubricating
function. Rod guide assembly 36 comprises a main housing 90, a dust wiper
92, an upper seal 94, a bearing 96, a piston assembly 98 and a retainer 100.
Main housing 90 is fit within pressure tube 30 with a seal 102 sealing the
interface between main housing 90 and pressure tube 30. Seal 102 prevents
gas from escaping from upper working chamber 44 between main housing 90
and pressure tube 30. A formed section 104 of pressure tube 30 is
compressed into a groove defined by main housing 90 to retain main housing
90 within pressure tube 30.

[0027] Dust wiper 92 is an optional component which is disposed
between main housing 90 and piston rod 34. Dust wiper 92 prevents dirt from
entering rod guide assembly 36. Upper seal 94 is disposed below dust wiper
92 and between main housing 90 and piston rod 34. Upper seal 94 seals an
oil chamber 106 from the environment surrounding shock absorber 20. Oil
chamber 106 is disposed between upper seal 94 and piston assembly 98.
Bearing 96 is disposed below upper seal 94 and between main housing 90
and piston rod 34. Bearing 96 provides the guiding for the movement of
piston rod 34. A lubrication channel 108 extends between oil chamber 106
and upper seal 94 to provide lubrication for upper seal 94.

[0028] Piston assembly 98 is slidably disposed within a bore 110
defined by main housing 90. Piston assembly 98 is movable between the
upper end of bore 110 and retainer 100 to vary the volume of oil chamber
106. Retainer 100 is attached to main housing 90 at the end of bore 110 to
act as a stop for piston assembly 98. Piston assembly 98 comprises a piston
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body 112, an O-ring 114 and a lower seal 116. O-ring 114 is disposed
between piston body 112 and main housing 90 to seal oil chamber 106 from
upper working chamber 44. Lower seal 116 is disposed between piston body
112 and piston rod 34 to also seal oil chamber 106 from upper working
chamber 44.

[0029] Piston assembly 98 can slide axially within main housing 90
in order to balance the gas pressure in upper working chamber 44 with the oil
pressure within oil chamber 106. With this construction, pressures in upper
working chamber 44 and in oil chamber 106 will always be equal. Retainer
100 provides a stop to limit the extension movement of piston assembly 32
and the travel of piston assembly 98.

[0030] Gas filled shock absorber 20 described above provides a
frequency dependant damper which can be tuned to specific performance
requirements for specific applications. During compression and extension
movements of a prior art liquid filled shock absorber, the liquid moves from
either the lower working chamber to the upper working chamber or the upper
working chamber to the lower working chamber. This provides frequency vs.
dissipation response curves which continue to rise at an ever increasing rate
as the frequency of the damped vibration increases leading to an exponential
shape curve at higher frequencies. The present invention provides the
suspension system designer the opportunity to flatten the shape of this curve
as shown in Figure 5.

[0031] The flattening out of this curve is due to the compressibility of
a gas versus the non-compressibility of a liquid. During low speed or low
frequency movements of shock absorber 20, minimal compression of the gas
occurs and movement of piston assembly 32 transfers gas between lower and
upper working chambers 44, 46 of pressure tube 30. As the frequency of the
movement increases, compression of the gas will also increase changing the
dissipation as the compressed gas begins to work like a gas spring. The
specific point at which the gas shock curve bends away from the liquid shock
curve can be tuned by selecting different sizes for passages 70 and 72. In
addition to changing the shape of the curve as shown in Figure 5, the height
of the curve can be tuned by changing the initial pressure within working
chamber 42.



WO 2005/083293 PCT/US2005/002390

10

15

20

25

30

[0032] The dual points of tunability for shock absorber 20 allows for
tuning shock absorber 20 to both the body natural frequency and the wheel
suspension natural frequency to optimize performance of shock absorber 20
at both of these frequencies. The prior art liquid shock absorbers could be
tuned to a specific frequency response but the remaining frequency
responses were a result of the shape of the curve which could not be altered.

[0033] Referring now to Figure 6, a rod guide assembly 136 in
accordance with another embodiment of the invention is illustrated. Rod
guide assembly 136 is a direct replacement for rod guide assembly 36.

[0034] Rod guide assembly 136 provides both a sealing function for
shock absorber 20 as well as a lubricating function. Rod guide assembly 136
comprises a main housing 190, a dust wiper 192, an upper seal 194, a
bearing 196, a piston assembly 198 and a retainer 200. Main housing 190 is
fit within pressure tube 30 with a seal 202 sealing the interface between main
housing 190 and pressure tube 30. Seal 202 prevents gas from escaping
from upper working chamber 44 between main housing 190 and pressure
tube 30. A formed section 204 of pressure tube 30 is compressed into a
groove defined by main housing 190 to retain main housing 190 within
pressure tube 30.

[0035] Dust wiper 192 is an optional component which is disposed
between main housing 190 and piston rod 34. Dust wiper 192 prevents dirt
from entering rod guide assembly 136. Upper seal 194 is disposed below
dust wiper 192 and between main housing 190 and piston rod 34. Upper seal
194 seals an oil chamber 206 from the environment surrounding shock
absorber 20. Oil chamber 206 is disposed between uppér seal 194 and
piston assembly 198. Bearing 196 is disposed below upper seal 194 and
between main housing 190 and piston rod 34. Bearing 196 provides the
guiding for the movement of piston rod 34. A lubrication channel 208 extends
between oil chamber 206 and upper seal 194 to provide lubrication for upper
seal 194.

[0036] Piston assembly 198 is slidably disposed within pressure
tube 30. Piston assembly 198 is movable between the lower end of main
housing 190 and retainer 200 to vary the volume of oil chamber 206. Retainer

200 is attached to pressure tube 30 by welding or other means known in the

10
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art to act as a stop for piston assembly 198. Piston assembly 198 comprises
a piston body 212, an O-ring 214 and a lower seal 216. O-ring 214 is
disposed between piston body 212 and pressure tube 30 to seal oil chamber
206 from upper working chamber 44. Lower seal 216 is disposed between
piston body 212 and piston rod 34 to also seal oil chamber 206 from 'upper
working chamber 44.

[0037] Piston assembly 198 can slide axially within pressure tube
30 in order to balance the gas pressure in upper working chamber 44 with the
oil pressure within oil chamber 206. With this construction, pressures in upper
working chamber 44 and in oil chamber 206 will always be equal. Retainer
200 provides a stop to limit the extension movement of piston assembly 32
and the travel of piston assembly 198.

[0038] Referring now to Figure 7, a rod guide assembly 236 in
accordance with another embodiment of the present invention is illustrated.
Rod guide assembly 236 is a direct replacement for rod guide assembly 36 or
136.

[0039] Rod guide assembly 236 provides both a sealing function for
shock absorber 20 as well as a lubricating function. Rod guide assembly 236
comprises a main housing 290, a dust wiper 292, an upper seal 294, a
bearing 296, a piston assembly 298 and a retainer 300. Main housing 290 is
fit within pressure tube 30 with a seal 302 sealing the interface between main
housing 290 and pressure tube 30. Seal 302 prevents gas from escaping
from upper working chamber 44 between main housing 290 and pressure
tube 30. A formed section 304 of pressure tube 30 is compressed into a
groove defined by main housing 290 to retain main housing 290 within
pressure tube 30.

[0040] Dust wiper 292 is an optional cbmponent which is disposed
between main housing 290 and piston rod 34. Dust wiper 292 prevents dirt
from entering rod guide assembly 236. Upper seal 294 is disposed below
dust wiper 292 and between main housing 290 and piston rod 34. Upper seal
294 seals an oil chamber 306 from the environment surrounding shock
absorber 20. Oil chamber 306 is disposed between upper seal 294 and
piston assembly 298. Bearing 296 is disposed below upper seal 294 and
between main housing 290 and piston rod 34. Bearing 296 provides the

11
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guiding for the movement of piston rod 34. A lubrication channel 308 extends
between oil chamber 306 and upper seal 294 to provide lubrication for upper
seal 294.

[0041] Piston assembly 298 is slidably disposed within a sleeve 310
which abuts to main housing 290. A seal 312 is disposed between sleeve 310
and main housing 290 to seal oil chamber 306. Piston assembly 298 is
movable between the lower end of main housing 290 and retainer 300.
Retainer 300 abuts sleeve 310 and it is attached to pressure tube 30 a snap
ring, by welding or by other means known in the art to act as a stop for piston
assembly 198.

[0042] Piston assembly 298 comprises a piston body 314, an O-ring
316 and a lower seal 318. O-ring 316 is disposed between piston body 314
and sleeve 310 to seal oil chamber 306 from upper working chamber 44.
Lower seal 318 is disposed between piston body 314 and piston rod 34 to
also seal oil chamber 306 from upper working chamber 44.

[0043] Piston assembly 298 can slide axially within sleeve 310 in
order to balance the gas pressure in upper working chamber 44 with the oil
pressure within oil chamber 306. With this construction, pressures in upper
working chamber 44 and in oil chamber 306 will always be equal. Retainer
300 provides a stop to limit the extension movement of piston assembly 32
and the travel of piston assembly 298.

[0044] The description of the invention is merely exemplary in
nature and, thus, variations that do not depart from the gist of the invention
are intended to be within the scope of the invention. Such variations are not

to be regarded as a departure from the spirit and scope of the invention.
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CLAIMS
What is claimed is:

1. A damper comprising:

a pressure tube defining a longitudinal axis and forming a
working chamber;

a damper piston disposed within said working chamber, said
damper piston dividing said working chamber into an upper working chamber
and a lower working chamber;

a piston rod attached to said damper piston and extending
through said pressure tube; .

a rod guide assembly disposed between said piston rod and
said pressure tube; said rod guide assembly comprising:

a main housing;

a first seal disposed between a first component of said rod guide
assembly and said piston rod,;

a second seal disposed between a second component of said
rod guide assembly and said piston rod;

a fluid chamber disposed between said first and second seal;
and

a guide piston movable with respect to said fluid chamber to

vary the volume of said fluid chamber.

2. The damper according to Claim 1 wherein said first component
is said main housing.

3. The damper according to Claim 2 wherein said second

component is said guide piston.

4, The damper according to Claim 1 wherein said second

component is said guide piston.

5. The damper according to Claim 1 wherein said guide piston

slidingly engages said main housing.

13
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6. The damper according to Claim 5 wherein said first component

is said main housing.

‘7. The damper according to Claim 6 wherein said second

component is said guide piston.

8. The damper according to Claim 5 wherein said second

component is said guide piston.

9. The damper according to Claim 1 wherein said guide piston
slidingly engages said pressure tube.

10. The damper according to Claim 9 wherein said first component

is said main housing.

11. The damper according to Claim 10 wherein said second

component is said guide piston.

12.  The damper according to Claim 9 wherein said second

component is said guide piston.

13. The damper according to Claim 1 wherein said guide piston
slidingly engages a sleeve disposed between said pressure tube and said
piston.

14.  The damper according to Claim 13 wherein said first component

is said main housing.

15.  The damper according to Claim 14 wherein said second

component is said guide piston.

16. The damper according to Claim 13 wherein said second

component is said guide piston.
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17. The damper according to Claim 13 wherein said sleeve is

attached to said main housing.

18. The damper according to Claim 13 wherein said rod guide
assembly further comprises a retainer disposed between said guide piston

and said damper piston, said retainer providing a stop for said guide piston.

19. The damper according to Claim 18 wherein said retainer
provides a stop for said damper piston.

20. The damper according to Claim 18 wherein said retainer abuts

said sleeve.
21. The damper according to Claim 1 wherein said rod guide
assembly further comprises a retainer disposed between said guide piston

and said damper piston, said retainer providing a stop for said guide piston.

22. The damper according to Claim 21 wherein said retainer is
attached to said main housing.

23. The damper according to Claim 21 wherein said retainer is
attached to said pressure tube.

24. The damper according to Claim 1 further comprising a dust
wiper disposed between said rod guide assembly and said piston rod.
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