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2
claimed Subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed Subject matter.
One example embodiment includes a fluid based shock

LONG TRAVEL SHOCK ABSORBER
CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of and priority to U.S.
Provisional Patent Application Ser. No. 61/520,240 filed on
Jun. 6, 2011, which application is incorporated herein by
reference in its entirety.

absorber. The fluid based shock absorber includes a first

10

BACKGROUND OF THE INVENTION

Shock absorbers are a common mechanical component in
vehicles. For example, shock absorbers are found in cars,
trucks, SUVs, semi-trucks, construction equipment, off-road
vehicles and even industrial equipment. Shock absorbers are
designed to dampen or reduce vertical motion of the vehicle
when the wheels of the vehicle encounter a bump or a dip. In
particular, shock absorbers dampen force, motion and energy
between the passenger compartment of the vehicle and the
wheels of the vehicle. Shock absorbers use pneumatic and/or
hydraulic forces to reduce the speed at which the vehicle
moves in a vertical direction in response to changing terrain,
even when the wheels move toward or away from the vehicle.

absorber. The fluid based shock absorber includes a first
15

25

I.e., if a force tends to move the wheels toward the vehicle,

However, shock absorbers suffer from a number of draw

30

35

the attachment between the two is lost and the shock absorber

is non-functional. I.e., there is a finite amount of space avail
able in a vehicle suspension for the fully contracted length of
a shock absorber, therefore prior art shocks absorbers are
limited in expansion or stroke to a distance less than this finite
space. Once this maximum is achieved, the connection

40

between the wheels and the vehicle once more becomes a

45

rigid connection, transmitting all motion to the passenger
compartment.

In addition, shockabsorbers generally utilize a single shaft.
Thus, all of the force being transmitted through the wheels
must be transmitted through this single shaft. This can lead to
a great deal of wear on the shock absorbers. In fact, shock
absorbers may wear out rather quickly in vehicles that tend to
encounter rough terrain, such as off-road vehicles.
Accordingly, there is a need in the art for a shock absorber
in which the distance between full contraction and full expan
sion or stroke is increased relative to the fully contracted
length over conventional shock absorbers. In addition, there is
a need in the art for the shock absorber to include multiple

50

55

assembly. The first assembly includes a first compression
chamber. The first assembly also includes a first sliding mem
ber. At least a portion of the first sliding member is configured
to remain within the first compression chamber and the first
sliding member is configured to move in a first direction
relative to the first compression chamber. The fluid based
shock absorber also includes a second assembly. The second
assembly includes a second compression chamber. The sec
ond assembly also includes a second sliding member. At least
a portion of the second sliding member is configured to
remain within the second compression chamber and the sec
ond sliding member is configured to move in a second direc
tion relative to the second compression chamber. The fluid
based shock absorber further includes a third assembly. The
third assembly includes a third compression chamber. The
third assembly also includes a third sliding member. At least
a portion of the third sliding member is configured to remain
within the third compression chamber and the third sliding
member is configured to move in a first direction relative to
the third compression chamber. The fluid based shock
absorber additionally includes a fourth assembly. The fourth
assembly includes a fourth compression chamber. The fourth
assembly also includes a fourth sliding member. At least a
portion of the fourth sliding member is configured to remain
within the fourth compression chamber and the fourth sliding
member is configured to move in a second direction relative to
the fourth compression chamber. The fluid based shock
absorber also includes a first reservoir. The first reservoir

chamber includes a separating piston. The separating pistonis
configured to divide the first reservoir chamber into a reserve
gas chamber and a reserve fluid chamber. The fluid based
shock absorber further includes a second reservoir chamber.

shafts.
60

BRIEF SUMMARY OF SOME EXAMPLE
EMBODIMENTS

This Summary is provided to introduce a selection of con
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key features or essential characteristics of the

assembly. The first assembly includes a first compression
chamber. The first assembly also includes a first sliding mem
ber. At least a portion of the first sliding member is configured
to remain within the first compression chamber and the first
sliding member is configured to move in a first direction
relative to the first compression chamber. The fluid based
shock absorber also includes a second assembly. The second
assembly includes a second compression chamber. The sec
ond assembly also includes a second sliding member. At least
a portion of the second sliding member is configured to
remain within the second compression chamber and the sec
ond sliding member is configured to move in a second direc
tion relative to the second compression chamber.
Another example embodiment includes a fluid based shock
absorber. The fluid based shock absorber includes a first

Such as a bump, the shock absorber dissipates the energy
behind the force thus reducing the amplitude of the motion of
the passenger compartment relative to the wheels.
backs. For example, the distance that the shock absorber can
expand or stroke relative to its fully contracted length is
limited in magnitude to a length that is less than the length of
the shock body or compression chamber. I.e., the amount that
one piston and shaft assembly can travel within its compres
sion chamber. This is Substantially less than its contracted
length. In particular, a portion of the piston and shaft assem
bly must remain within the compression chamber, otherwise

assembly. The first assembly includes a first compression
chamber. The first assembly also includes a first sliding mem
ber. At least a portion of the first sliding member is configured
to remain within the first compression chamber and the first
sliding member is configured to move in a first direction
relative to the first compression chamber.
Another example embodiment includes a fluid based shock

65

The second reservoir chamber includes a separating piston.
The separating piston is configured to divide the second res
ervoir chamber into a reserve gas chamber and a reserve fluid
chamber. The fluid based shock absorber additionally
includes a first fluid channel. The first fluid channel connects
the reserve fluid chamber of the first reservoir chamber to the

first compression chamber and to the third compression
chamber. The first fluid channel is configured to allow fluid to

US 8,714,321 B2
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pass between the reserve fluid chamber of the first reservoir
chamber, the first compression chamber and the third com
pression chamber. The fluid based shock absorber also
includes a second fluid channel. The second fluid channel
connects the reserve fluid chamber of the second reservoir

chamber to the second compression chamber and to the fourth
compression chamber. The second fluid channel is configured
to allow fluid to pass between the reserve fluid chamber of the
second reservoir chamber, the second compression chamber
and the fourth compression chamber.
These and other objects and features of the present inven
tion will become more fully apparent from the following
description and appended claims, or may be learned by the
practice of the invention as set forth hereinafter.

5

10

FIGS. 1A, 1B and 1C show that the shock absorber 100 can
15

absorber 100 to an external device, such as a vehicle. For

example, the attachments 102 can include spherical ball joints
with integrated lock nuts for securely locking the spherical
ball joints in fixed positions. Additionally or alternatively, the
attachments 102 can include a steel sleeve and cylindrical
rubber bushing or a vertical threaded rod with sandwiched
rubber disks.
25

104b (collectively “end links 104). In at least one implemen
tation, the end links 104 can be connected to the attachments
102. I.e., as the external device transmits a force to the shock

FIG. 1A illustrates a top perspective view of an example of
30

FIG. 1B illustrates a cut away view of the example of the
shock absorber;

FIG.1C illustrates a cross-sectional view of the example of
the shock absorber;

FIG. 2A illustrates a top perspective view of an alternative
example of a shock absorber;

35

FIGS. 1A, 1B and 1C further show that the shock absorber
40

FIG.3B illustrates a cross-sectional view of the alternative

second end link 104b respectively. Attaching the sets of slid
ing shafts 106 to the end links 104 can ensure that the sliding
45

an emulsion shock absorber;

FIG. 5A illustrates a top perspective view of an alternative
example of an emulsion shock absorber;
50

example of an emulsion shock absorber;
FIG. 6 illustrates an example of a coilover shock absorber;
FIG. 7 illustrates an alternative example of a coilover shock
absorber;
FIG. 8 illustrates a cross-sectional view of an alternative

55

shock absorber;
FIG. 9 illustrates a cross-sectional view of an alternative

shock absorber; and
FIG. 10 illustrates a cross-sectional view of an alternative
shock absorber.

shafts 106 within each set move in tandem with one another.

Additionally or alternatively, the end links 104 prevent the
sliding shafts 106 from from rotating relative to the end links
104. Preventing the sliding shafts 106 from rotating can
improve ease of assembly, disassembly and maintenance of

FIG. 4B illustrates a cross-sectional view of the example of

FIG. 5B illustrates a cross-sectional view of the alternative

100 can include a first set of sliding shafts 106a and a second
set of sliding shafts 106b (collectively “sets of sliding shafts
106 or “sliding shafts 106'). In at least one implementation,
the first set of sliding shafts 106a and the second set of sliding
shafts 106b can be attached to the first end link 104a and the

example of a shock absorber;
FIG. 4A illustrates a top perspective view of an example of
an emulsion shock absorber;

absorber 100, the force is transmitted through the attachments
102 to the end links 104 and through the end links 104 to the
rest of the shock absorber 100. Likewise, as the shock
absorber 100 provides a resisting force to the external device,
the resisting force is transmitted through the end links 104 to
the attachments 102 and through the attachments 102 to the
external device.

FIG. 2B illustrates a cross-sectional view of the alternative

example of a shock absorber;
FIG. 3A illustrates a top perspective view of an alternative
example of a shock absorber;

FIGS. 1A, 1B and 1C also show that the shock absorber
100 can include a first end link 104a and a second end link

in which:

a shock absorber;

include a first attachment 102a and a second attachment 102b

(collectively “attachments 102). In at least one implementa
tion, the attachments 102 are configured to attach the shock

BRIEF DESCRIPTION OF THE DRAWINGS

To further clarify various aspects of some example
embodiments of the present invention, a more particular
description of the invention will be rendered by reference to
specific embodiments thereof which are illustrated in the
appended drawings. It is appreciated that these drawings
depict only illustrated embodiments of the invention and are
therefore not to be considered limiting of its scope. The inven
tion will be described and explained with additional specific
ity and detail through the use of the accompanying drawings

4
representations of Some embodiments of the invention, and
are not limiting of the present invention, nor are they neces
sarily drawn to scale.
FIGS. 1A, 1B and 1C illustrate an example of a shock
absorber 100. FIG. 1A illustrates a top perspective view of
example of a shock absorber 100; FIG. 1B illustrates a cut
away view of the example of the shockabsorber 100; and FIG.
1C illustrates a cross-sectional view of the example of the
shock absorber 100. In at least one implementation, the shock
absorber 100 can be used to preventabrupt vertical movement
of a vehicle. I.e., as a vehicle encounters a terrain change the
shock absorber 100 can dissipate the energy and lessen the
Vertical movement of the passenger area of the vehicle.

60

DETAILED DESCRIPTION OF SOME EXAMPLE
EMBODIMENTS

the shock absorber 100.

FIGS. 1A, 1B and 1C additionally show that the shock
absorber 100 can include a first compression chamber 108a
and a second compression chamber 108b (collectively “com
pression chambers 108). In at least one implementation,
each compression chamber 108 is configured to contain one
of the sliding shafts 106. In particular, the sliding shafts 106
are allowed to move in a single direction within the compres
sion chamber 108. In addition, the compression chamber 108
can contain a compression fluid which can dissipate applied
forces, as described below. As used in the specification and
the claims, the term fluid shall include a substance capable of
flowing that is, changes its shape or Volume when acted upon
by a force. For example, a fluid can include a liquid or a gas.
FIGS. 1A, 1B and 1C also show that the shock absorber

Reference will now be made to the figures wherein like
structures will be provided with like reference designations. It
is understood that the figures are diagrammatic and Schematic

65

100 can include one or more reservoir chambers 110. In at

least one implementation, the reservoir chambers 110 can
contain compressible fluid orgas. In particular, the additional

US 8,714,321 B2
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compressible fluid or gas can allow the first set of sliding
shafts 106a and the second set of sliding shafts 106b to move
a large distance relative to one another. I.e., the first set of
sliding shafts 106a and the second set of sliding shafts 106b
can move the full distance within their respective compres
sion chambers 108 by utilizing the compressible property of
fluid or gas within the reservoir chambers 110.

5

FIGS. 1A, 1B and 1C further show that the shock absorber

100 can include a first end cap 112a and a second end cap
112b (collectively “end caps 112). In at least one implemen
tation, the sliding shafts 106 can pass through the end caps
112 such that a portion of the sliding shafts 106 remain within
the compression chambers 108 and a portion remains outside
of the compression chambers 108. In addition, the end caps
112 can keep the compression fluid within the compression
chambers 108 and the compressible fluid within reservoir
chambers 110. Additionally or alternatively, the end caps 112
can prevent external materials from entering the compression

10

1OO.

15

interior wall of the reservoir chamber 110 which creates a

normal operation of the shock absorber 100 the equal and
opposite extruding forces on the first set of sliding shafts 106a
and the second set of sliding shafts 106b keeps the main body
assembly of the shockabsorber 100 centrally located between
the first attachment 102a and the second attachment 102b.
25

30

fluid/gas tight seal between the reserve gas chamber and the
reserve fluid chamber.

FIGS. 1A, 1B and 1C also show that the shock absorber
100 can include a valve 116 on each of the reservoir chambers

110. In at least one implementation, the reservoir chamber
110 can be charged with gas pressure through the valve 116,
creating a force against the separating piston 114, the force of
the separating piston 114 against the fluid in the reserve fluid
chamber pressurizes the fluid in the reserve fluid chamber to
a similar pressure that is in the charged reserve gas chamber.
Pressurizing the fluid via a pressurized reservoir chamber 100

35

40

45

low.

FIGS. 1A, 1B and 1C further show that shock absorber 100

includes a fluid channel 118. In at least one implementation,

50

the reserve fluid chamber is connected to the fluid in two of

the compression chambers 108 via the fluid channel 118. The
fluid channel 118 can allow the compression chambers 108 to
be pressurized using the reservoir chamber 110. I.e., the res
ervoir chamber 110 and the connected compression chamber
108 can be equalized in pressure via the fluid channel 118.
Pressurizing the fluid in the compression chamber 108 via a
pressurized reservoir chamber 110 can allow the reservoir
chamber 110 to compress and decompress via movement of
the separating piston 114, allowing the sliding shafts 106 to
move relative to the compression chamber 108.
In at least one implementation, two opposing reserve gas
chambers can provide opposite extruding forces on the first
set of sliding shafts 106 and the second set of sliding shafts
106. In particular, the reserve gas chamber in reservoir cham
ber 110 is independently charged via the valve 116. Reservoir
chamber 110 in turn pressurizes the fluid in the compression

In addition, the fluid channel 118 can help prevent wear on
the end links 104. In particular, during normal operation of
the shock absorber 100 it is important that the forces applied
by the two sliding shafts 106 connected to a particular end
link 104 are equal. If the forces applied by the two sliding
shafts 106 are unequal during the millions of cycles experi
enced by the shock absorber 100 the end links 104 would
eventually fatigue and fail. The fluid channel 118 works as a
pressure by-pass between the two compression chambers 108
associated with the two acting sliding shafts 106 connected to
a single end link 104 (for example, between sliding shafts
106a and compression chambers 108a), assuring that the
pressure in the two compression chambers 108 remain the
same. I.e., the pressure balancing function of the fluid cir
cuitry channel assures that the forces applied by the two
sliding shafts 106 on the end links 104 are equal at all times
during normal operation of the shock absorber 100.
FIGS. 1A, 1B and 1C additionally show that the shock
absorber 100 can include transitions 120 between each of the

reduces the chances of cavitation. Cavitation is the formation

and then immediate implosion of cavities in a liquid i.e.
small liquid-free Zones (“bubbles') that are the conse
quence of forces acting upon the liquid. It usually occurs
when a liquid is subjected to rapid changes of pressure that
cause the formation of cavities where the pressure is relatively

Balancing the gas pressure in both opposing reserve gas
chambers, results in equal and opposite extruding forces on
the first set of sliding shafts 106a and the second set of sliding
shafts 106b. Therefore as the first attachment 102a and the
second attachment 102b move relative to one another in the

chambers 108 and the reservoir chambers 110. In at least one

implementation, the end caps 112 can include one or more
sealing bleed screws creating a removal plug and seal for the
filling of compression fluid.
FIGS. 1A, 1B and 1C additionally show that the shock
absorber 100 can include a separating piston 114 within each
of the reservoir chambers 110. In at least one implementation,
the separating piston 114 can divide the reservoir chamber
110 into a reserve gas chamber and a reserve fluid chamber. In
particular, the separating piston 114 can include a seal
between the perimeter of the separating piston 114 and the

6
chambers 108 containing the second set of sliding shafts
106b. This fluid pressure results in an extruding force that
pushes the sliding shafts 106b downward and away from the
main body assembly of the shock absorber 100.
An opposing reserve gas chamber is independently
charged via the valve 116 at the top of FIGS. 1A, 1B and 1C.
This opposing reserve gas chamber pressurizes the fluid in the
two compression chambers 108 containing the first set of
sliding shafts 106a. This fluid pressure results in an extruding
force that pushes the first set of sliding shafts 106a upward
and away from the main body assembly of the shock absorber

55

sliding shafts 106 and the end caps 112. In at least one imple
mentation, the transitions 120 can protect the sliding shafts
106 and the end caps 112 while the sliding shafts 106 are
moving relative to the end caps 112. For example, the transi
tions 120 can include bearings which allow the sliding shafts
106 to move relative to the end caps 112 without causing
extensive wear to either the sliding shafts 106 or the end caps
112. In addition, the transitions 120 can include bumpers such
that the sliding shafts 106 do not damage the end caps 112
when the sliding shafts 106 reach the end on their range of
movement. Additionally or alternatively, the transitions 120
can include seals which prevent the compression fluid from
leaking out of the compression chambers 108 as the sliding
shafts 106 either enter or exit the compression chambers 108.
FIGS. 1A, 1B and 1C also show that the shock absorber

60

65

100 can include a damping assembly 122 on each sliding shaft
106. In at least one implementation, the damping assembly
122 can prevent motion of the compression fluid around the
damping assembly 122. I.e., the damping assembly 122 can
form a seal with the compression chamber 108, preventing
compression fluid from passing the damping assembly 122.
Additionally or alternatively, the damping assembly 122 can
include an integral valve system for controlled fluid flow
through the damping assembly 122. For example, the integral
valve system can include flexible disks located on both sides
of a central piston that cover fluid passages through the cen

US 8,714,321 B2
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tral piston in order to control fluid flow from the fluid on one
side of the damping assembly 122 to the other side of the
damping assembly 122. Control of the fluid flow can allow the
shock absorber 100 to compress or contract more slowly than
it would otherwise compress or contract, reducing the
“shock’ felt by the external device.

8
3B illustrates a cross-sectional view of the alternative

example of a shock absorber 300. In at least one implemen
tation, the shock absorber 300 is cost effective and reduces the
5

FIGS. 1A, 1B and 1C further show that the shock absorber

100 can include a wear band 124 on each sliding shaft 106. In
at least one implementation, the wear band 124 is located on
the perimeter of the central piston allowing the damping
assembly 122 to slide along the interior wall of the compres
sion chamber 108 preventing Substantial wear or damage to
the compression chamber 108 or damping assembly 122.
Additionally or alternatively, the wear band 124 also serves as
a fluid seal between the compression chamber 108 and the
damping assembly 122.
FIGS. 1A, 1B and 1C additionally show that the shock
absorber 100 can include an internal bumper 126. In at least
one implementation, the internal bumper 126 can prevent
damage to either the damping assembly 122 or the compres
sion chamber 108 when the sliding shaft 106 reaches the ends
of the compression chamber 108. For example, the internal
bumper 126 can include a rigid Support disk separated from
the flexible disks by a spacing washer. The rigid Support disk
can have dual functionality. For example, it can prevent the
flexible disks from over flexing or permanently deforming. In
addition, it can serve as a Support plate for a stop. The stop can
act as a protective layer preventing damage to both the damp
ing assembly 122 and the compression chamber 108.
FIGS. 2A and 2B illustrate an alternative example of a
shock absorber 200. FIG. 2A illustrates a top perspective view
of the alternative example of a shock absorber 200; and FIG.

1OO.
10

15

25

30

35

travel length of the shock absorber 200 relative to the fully
compressed length of the shock absorber 200. In particular,
the travellength of the shock absorber 200 is reduced relative
include a reserve gas chamber 202 that is not remote to the
compression chamber 108. I.e., the reserve gas chamber 202
is located within the compression chamber 108. This configu
ration is commonly referred to as a Mono-Tube shock
absorber. The function of the reserve gas chamber 202 is

40

45

50

distributes forces among the first set of shafts 106a and the
second set of shafts 106b respectively.
FIG. 6 illustrates an example of a coilover shock absorber
600. In at least one implementation, the coilover shock
absorber 600 can be combined with a Mono-Tube gas reserve
type shock absorber or Emulsion type shock absorber as
described above. I.e., the coilover shock absorber 600 can be

applied to either a mono-tube gas reserve shock absorber,
such as the shock absorber 200 of FIG.2 or an emulsion shock

absorber, such as the emulsion shock absorber 400 of FIG. 4.
55

FIG. 6 shows that the shock absorber 600 can include a coil

spring 602. In at least one implementation, the coil spring 602
spans from the first attachment 102a at one end of the shock
absorber 600 to the second attachment 102b at the other end
60

of the shock absorber 600. Additionally or alternatively, the
coil spring can include a first spring that covers at least a
portion of the first set of sliding shafts 106a and a second
spring that covers at least a portion of the second set of sliding
shafts 106b

absorber 200.

FIGS. 3A and 3B illustrate an alternative example of a
shock absorber 300. FIG. 2A illustrates a top perspective view
of the alternative example of a shock absorber 300; and FIG.

the emulsion shock absorber 500 can combine the emulsion
shock absorber of FIG. 4 with the shafts 106a that move in a
first direction and the shafts 106b that move in a second

direction of FIG.1. I.e., the emulsion shock absorber 500 can

nel 118 in FIGS. 1A, 1B and 1C which connects the two

reserve gas chambers 202 at the bottom of FIGS. 2A and 2B
(one is not visible in FIGS. 2A and 2B). Connecting the
associated reserve gas chambers 202 via a gas circuitry chan
nel keeps the pressure in the associated two reserve gas cham
bers 202 equal and balanced, thus assuring that the forces
applied by the two sliding shafts 106 on the end links 104 are
equal at all times during normal operation of the shock

or more fluids which are normally immiscible (un-blend
able). I.e., an emulsion can include one fluid (the dispersed
phase) dispersed in another fluid (the continuous phase). For
example, the emulsion fluid can include a mixture of approxi
mately 2/3 liquid compression fluid and approximately /3 gas.
The emulsion can be less dense than using only compression
fluid. However, the valving in the emulsion shock absorber
400 must be stronger and more resistance to fluid flow.
FIGS. 5A and 5B illustrate an example of an emulsion
shock absorber 500. FIG. 5A illustrates a toper perspective
view of the example of an emulsion shock absorber 500; and
FIG.5B illustrates a cross-sectional view of the example of an
emulsion shock absorber 500. In at least one implementation,

include a first end link 104a and a second end link 104b which

identical to that of reservoir chamber 110 in FIGS 1A & 1B.
FIGS. 2A and 2B also show that the shockabsorber 200 can

include a first end cap 204a and a second end cap 204b
(collectively “end caps 204''). In at least one implementation,
the end caps 204 can include a gas circuitry channel (not
visible in FIGS. 2A and 2B) similar to the fluid channel 118 in
FIGS. 1A, 1B and 1C which connects the two reserve gas
chambers 202 at the top of FIGS. 2A and 2B. An additional
gas circuitry channel (not visible in FIGS. 2A and 2B), can be
located in the second end cap 204b, similar to the fluid chan

FIGS. 4A and 4B illustrate an example of an emulsion
shock absorber 400. FIG. 4A illustrates a toper perspective
view of the example of an emulsion shock absorber 400; and
FIG. 4B illustrates a cross-sectional view of the example of an
emulsion shock absorber 400. In at least one implementation,
the emulsion shockabsorber 400 can include a mixture of two

2B illustrates a cross-sectional view of the alternative

to the shock absorber 100 of FIG. 1.
FIGS. 2A and 2B show that the shock absorber 200 can

In at least one implementation, the shock absorber 300
includes only two compression chamber 108, two opposing
reservoir chambers 110, and only a single sliding shaft 106
protruding from each end of the main body assembly of the
shock absorber 300. One of skill in the art will appreciate that
using a single sliding shaft 106 on each end means that the
attachments 102 do not travel along the same axis, instead the
attachments 102 travel along paths that are adjacent and par
allel to one another. This adjacent and parallel motion applies
bending moments to the sliding shafts 106, side loading to
transition 120, and side loading to the wear band 124, all of
which reduce the functional life of the shock absorber 300.

example of a shock absorber 200. Though this configuration
is cost effective and functional it does reduce the stroke or

size of the main body assembly relative to the shock absorber
100 of FIGS. 1A, 1B and 1C.. In particular, the shock absorber
300 can include fewer sliding shafts than the shock absorber
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FIG. 7 illustrates an alternative example of a coilover shock
absorber 700. In at least one implementation, the coilover
shock absorber 700 combines the coil spring 602 of FIG. 6
with the remote gas reserve technology as described above.
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the first sliding member is configured to move in a first
direction relative to the first compression chamber;

FIG. 7 shows that the coilover shock absorber 700 can
include one or more reservoir chambers 702. In at least one

implementation, the reservoir chambers 702 can contain
compressible fluid or gas. In particular, the additional com
pressible fluid or gas can allow the first set of sliding shafts
106a and the second set of sliding shafts 106b to move a large
distance relative to one another. I.e., the first set of sliding
shafts 106a and the second set of sliding shafts 106b can
move the full distance within their respective compression
chambers by utilizing the compressible property of fluid or
gas within the reservoir chambers 702.

and

a second assembly, wherein the second assembly includes:
a second compression chamber, and
a second sliding member, wherein:
at least a portion of the second sliding member is
configured to remain within the second compres
sion chamber, and

the second sliding member is configured to move in a
second direction relative to the second compres

10

FIG. 7 also shows that the coilover shock absorber 700 can

sion chamber,

include a connector 704. In at least one implementation, the
reservoir chamber 702 is connected to the fluid the compres
sion chambers via the connector 704. I.e., the reservoir cham

15

ber 702 and the connected compression chamber 108 can
exchange compression fluid via the connector 704. For
example, the connector 704 can include a hose or other fluid

wherein the first direction is opposite the second direction;
a third assembly, wherein the third assembly includes:
a third compression chamber, and
a third sliding member, wherein:
at least a portion of the third sliding member is con
figured to remain within the third compression
chamber, and

COnnectOr.

the third sliding member is configured to move in the
first direction relative to the third compression

FIG. 8 illustrates a cross-sectional view of an alternative

shock absorber 800. In at least one implementation, the shock
absorber includes the Mono-Tube configuration described in
the example of FIG. 2 combined with the example of FIG. 4.

chamber:

I.e., the shock absorber 800 can be further reduced in size to

just two compression chambers 108 with integral reserve gas
chambers 202 of FIG. 2. This example would be most cost
effective and further reduce the size of the main body assem
bly into just two compression chamber 108. This example,

25

a fourth assembly, wherein the fourth assembly includes:
a fourth compression chamber; and
a fourth sliding member, wherein:
at least a portion of the fourth sliding member is
configured to remain within the fourth compres
sion chamber, and

the fourth sliding member is configured to move in the
second direction relative to the fourth compression

however, would also have the reduced travel or stroke inher

ent in the example of FIG.2 as well as the reduced functional
life inherent in the example of FIG. 3.

30

chamber:

a first end link, wherein the first end link is configured to
attach to the first sliding shaft and the third sliding shaft;

FIG. 9 illustrates a cross-sectional view of an alternative

shock absorber 900. In at least one implementation, the shock
absorber 900 can include a pair of sliding shafts 106a oppo
site a single sliding shaft 106b. This can remove the problems
of parallel motions rather than opposing motions as discussed
with regard to FIG. 3. The three sliding shafts 106 can be

and
35

combined with two reservoir chambers 110, as discussed with

regard to FIG. 1.
FIG. 10 illustrates a cross-sectional view of an alternative

shock absorber 1000. In at least one implementation, the
shock absorber 1000 can include a pair of sliding shafts 106
opposite a single sliding shaft 106. This can remove the
problems of parallel motions rather than opposing motions as
discussed with regard to FIG. 3. The three sliding shafts 106
can be combined with either a mono-tube gas reserve shock

40

chamber.

2. The fluid based shock absorber of claim 1, wherein the

first direction is parallel to the second direction.
3. The fluid based shock absorber of claim 2, wherein the
45

4. The fluid based shock absorber of claim 3, wherein the
ber.

absorber 400 of FIG. 4.

5. The fluid based shock absorber of claim 1, wherein the

50

first assembly is adjacent to the second assembly.

6. The fluid based shock absorber of claim 1 further com

prising a spring coil, wherein the spring coil wraps around at
least a portion of the first sliding member.

istics. The described embodiments are to be considered in all

respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

first direction is away from the first compression chamber.
second direction is away from the second compression cham

absorber, such as the shock absorber 200 of FIG. 2 or an
emulsion shock absorber, Such as the emulsion shock

The present invention may be embodied in other specific
forms without departing from its spirit or essential character

a second end link, wherein the second end link is config
ured to attach to the second sliding shaft and the fourth
sliding shaft;
wherein the combined distance that the first sliding mem
ber and the second sliding member are configured to
move is greater than the length of the first compression

7. The fluid based shock absorber of claim 1 further com
55

prising a separating piston, wherein the separating piston is
configured to divide the first compression chamber into:
a fluid chamber; and

a reserve gas chamber.
What is claimed is:

1. A fluid based shock absorber, the fluid based shock

absorber comprising:
a first assembly, wherein the first assembly includes:
a first compression chamber; and
a first sliding member, wherein:
at least a portion of the first sliding member is con
figured to remain within the first compression
chamber; and

8. The fluid based shock absorber of claim 1 further com
60

prising a damping assembly, wherein the damping assembly
is attached to the end of the first sliding shaft within the first
compression chamber.
9. A fluid based shock absorber, the fluid based shock
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absorber comprising:
a first assembly, wherein the first assembly includes:
a first compression chamber; and
a first sliding member, wherein:
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at least a portion of the first sliding member is con
figured to remain within the first compression

12
connects the reserve fluid chamber of the first reservoir

chamber to the first compression chamber; and
is configured to allow fluid to pass between the reserve

chamber; and

the first sliding member is configured to move in a first
direction relative to the first compression chamber;
a second assembly, wherein the second assembly includes:
a second compression chamber, and
a second sliding member, wherein:
at least a portion of the second sliding member is
configured to remain within the second compres

fluid chamber of the first reservoir chamber and the

first compression chamber, and
a second fluid channel, wherein the fluid channel:
connects the reserve fluid chamber of the second reser

Voir chamber to the second compression chamber;
and
10

fluid chamber of the second reservoir chamber and the

sion chamber, and

second compression chamber.

the second sliding member is configured to move in a
second direction relative to the second compres
sion chamber,

a third assembly, wherein the third assembly includes:
a third compression chamber, and
a third sliding member, wherein:
at least a portion of the third sliding member is con
figured to remain within the third compression

12. The fluid based shock absorber of claim 11 further
15

chamber, and

the third sliding member is configured to move in the
first direction relative to the third compression

chamber;

chamber;

sion chamber, and

25

fluid chamber of the first reservoir chamber and the

third compression chamber.
30

chamber;
a first fluid channel, wherein the first fluid channel:

chamber, and
a second fluid channel, wherein the second fluid channel:

35

sion chamber, and
40

voir chamber to the fourth compression chamber; and
is configured to allow fluid to pass between the reserve
45

14. A fluid based shock absorber, the fluid based shock

50

a second reservoir chamber, wherein the second reservoir
chamber includes:
60

into:

comprising:
a first fluid channel, wherein the fluid channel:

the first sliding member is configured to move in a first
direction relative to the first compression chamber;
a second assembly, wherein the second assembly includes:
a second compression chamber, and
a second sliding member, wherein:
at least a portion of the second sliding member is
configured to remain within the second compres
sion chamber, and

the second sliding member is configured to move in a
second direction relative to the second compres

a reserve gas chamber, and
a reserve fluid chamber.
11. The fluid based shock absorber of claim 10 further

absorber comprising:
a first assembly, wherein the first assembly includes:
a first compression chamber; and
a first sliding member, wherein:
at least a portion of the first sliding member is con
figured to remain within the first compression
chamber, and

55

prising:
a separating piston, wherein the separating piston is
configured to divide the second reservoir chamber

fluid chamber of the second reservoir chamber and the

fourth compression chamber.

and

chamber.
10. The fluid based shock absorber of claim 9 further com

chamber;
wherein the second fluid channel:
connects the reserve fluid chamber of the second reser

a first end link, wherein the first end link is configured to
attach to the first sliding shaft and the third sliding shaft;
a second end link, wherein the second end link is config
ured to attach to the second sliding shaft and the fourth
sliding shaft;
wherein the combined distance that the first sliding mem
ber and the second sliding member are configured to
move is greater than the length of the first compression

13. The fluid based shock absorber of claim 12 further

comprising:
a fourth assembly, wherein the fourth assembly includes:
a fourth compression chamber; and
a fourth sliding member, wherein:
at least a portion of the fourth sliding member is
configured to remain within the fourth compres
the fourth sliding member is configured to move in the
second direction relative to the fourth compression

connects the to the second compression chamber to the
fourth compression chamber, and
is configured to allow fluid to pass between the second
compression chamber and the fourth compression
chamber;

wherein the first fluid channel:
connects the reserve fluid chamber of the first reservoir

chamber to the third compression chamber; and
is configured to allow fluid to pass between the reserve

the fourth sliding member is configured to move in the
second direction relative to the fourth compression
connects the first compression chamber to the third com
pression chamber, and
is configured to allow fluid to pass between the first
compression chamber and the third compression

comprising:
a third assembly, wherein the third assembly includes:
a third compression chamber, and
a third sliding member, wherein:
at least a portion of the third sliding member is con
figured to remain within the third compression
the third sliding member is configured to move in the
first direction relative to the third compression

chamber; and

a fourth assembly, wherein the fourth assembly includes:
a fourth compression chamber, and
a fourth sliding member, wherein:
at least a portion of the fourth sliding member is
configured to remain within the fourth compres

is configured to allow fluid to pass between the reserve
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sion chamber,

a third assembly, wherein the third assembly includes:
a third compression chamber, and
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a third sliding member, wherein:
at least a portion of the third sliding member is con
figured to remain within the third compression
chamber; and
the third sliding member is configured to move in the
first direction relative to the third compression
chamber;
a fourth assembly, wherein the fourth assembly includes:
a fourth compression chamber; and
a fourth sliding member, wherein:
at least a portion of the fourth sliding member is
configured to remain within the fourth compres
sion chamber; and
the fourth sliding member is configured to move in the
second direction relative to the fourth compression
chamber;

14
connects the reserve fluid chamber of the first reservoir

chamber to the first compression chamber and to the
third compression chamber; and
is configured to allow fluid to pass between the reserve
fluid chamber of the first reservoir chamber, the first
compression chamber and the third compression
chamber;
a second fluid channel, wherein the second fluid channel:
connects the reserve fluid chamber of the second reser
10

15

and

ber includes:

a second end link, wherein the second end link is config
ured to attach to the second sliding shaft and the fourth
sliding shaft.
15. The fluid based shock absorber of claim 14 further
comprising:
a first attachment, wherein the first attachment is config

a separating piston, wherein the separating piston is
configured to divide the first reservoir chamber into:
a reserve gas chamber, and
a reserve fluid chamber;
a second reservoir chamber, wherein the second reservoir

a separating piston, wherein the separating piston is
configured to divide the second reservoir chamber
into:

a reserve gas chamber, and
a reserve fluid chamber;
a first fluid channel, wherein the first fluid channel:

sion chamber

a first end link, wherein the first end link is configured to
attach to the first sliding shaft and the third sliding shaft;

a first reservoir chamber, wherein the first reservoir cham

chamber includes:

Voir chamber to the second compression chamber and
to the fourth compression chamber; and
is configured to allow fluid to pass between the reserve
fluid chamber of the second reservoir chamber, the
second compression chamber and the fourth compres
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ured to connect the first end link to an external device:
and

a second attachment, wherein the second attachment is

configured to connect the second end link to the external

device.

