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A strut assembly including a first cylinder, a second cylinder configured to reciprocally move within the first cylinder, and a damper
assembly positioned within the first cylinder. The damper assembly includes a housing having opposing first and second ends, a
floating piston in the housing and a damper piston positioned between the floating piston and the first end of the housing. The
damper piston divides the housing into first and second chambers, where the first and second chambers include a hydraulic fluid
that provides resistance to the movement of the damper piston in the housing. The strut assembly also includes a gas spring in the
first and second cylinders, where the gas spring includes a pressurized gas contained within the first and second cylinders.
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ABSTRACT

A strut assembly including a first cylinder, a second cylinder
configured to reciprocally move within the first cylinder, and a damper assembly
positioned within the first cylinder. The damper assembly includes a housing
having opposing first and second ends, a floating piston in the housing and a
damper piston positioned between the floating piston and the first end of the
housing. The damper piston divides the housing into first and second chambers,
where the first and second chambers include a hydraulic fluid that provides
resistance to the movement of the damper piston in the housing. The strut
assembly also includes a gas spring in the first and second cylinders, where the
gas spring includes a pressurized gas contained within the first and second

cylinders.
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STRUT ASSEMBLY WITH COMBINED GAS SPRING AND DAMPER

BACKGROUND

A shock absorber is a mechanical or hydraulic device designed to
absorb and damp shock impulses. These shock impulses are absorbed or
dampened by converting the kinetic energy of the shock impulses into thermal
energy, which is then dissipated from the housing of the shock absorber.

Shock absorbers are typically separated into a compression
chamber and a return chamber by a piston. A damping medium, such as
hydraulic oil, is placed in the compression and return chambers and flows
between the chambers through orifices in the piston. The size of the orifices in
the piston are determined based on the desired dampening force of the shock
absorber. In other words, the orifice size determines the pressure drop across
the piston, which affects the dampening force provided by the shock absorber.

Accordingly, the pressure drop across the piston determines the
pressure ratio of the shock absorber, where the pressure drop can be altered
dynamically by having pressure act upon the damping medium. Such pressure
can be determined by a pressurizing member mounted in or on the shock
absorber body. The pressurizing member is connected to and pressurizes the
compression chamber, or both the compression chamber and the return
chamber. In operation, the pressurizing member is designed to receive the

pressure medium that is displaced by the piston rod, to absorb the changes in
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damping medium volume caused by temperature differences, and to generate a
certain basic pressure in the shock absorber.

In this way, shock absorbers and other dampening devices have
been used to absorb shock impulses for vehicles, which are generated when
vehicles are driven on uneven roads or terrain. For example, many shock
absorbers or struts on vehicles utilize a piston rod that moves up and down in a
cylinder to provide oscillation dampening, which provides smoothing of shock
impulses that would otherwise be passed to the frame of the vehicle. Such
devices typically rely upon springs, such as coil springs, disposed around the
body of the shock absorber, to carry the load of the vehicle.

In this configuration, the spring internally controls a valve, where
fluid within the body of the shock absorber flows in an opposing direction to the
motion of the floating piston back through a two-way valve, as gas in the gas
chamber decompresses or compresses in response to external circumstances,
and pressure in the fluid chamber lessens or increases to restore equilibrium
within the system. However, the load is only partially sustained by the
compressed gas, and as a result, the device is effectively non-load-bearing
without a spring.

Most shock absorbers either have a mono-tube or a twin-tube
configuration. A mono-tube shock absorber includes a single, integral housing

with an internal chamber including a hydraulic fiuid where the chamber is
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separated by a floating piston. In this configuration, the chamber does not
provide spring action, but rather accommodates the extra hydraulic fluid
displaced by the piston rod as it moves downward within the housing during a
compression stroke. Since the force created in the chamber is not enough to
sustain a vehicle's weight, an external spring, as described above, is commonly
added to these shock absorbers to supplement the shortage of force provided by
the chamber.

A twin-tube shock absorber includes an outer cylinder and an inner
cylinder that moves relative to each other. A piston rod having a piston is
positioned in and reciprocally moves with the inner cylinder relative to the outer
cylinder. The outer cylinder serves as a reservoir for a hydraulic fluid, such as
hydraulic oil. There are fluid valves in the piston and in a stationary base valve,
where the base valve controls fiuid flow between both cylinders and provides
some of the damping force. The valves in the piston control most of the damping
in the shock absorber. In another type of twin-tube shock absorber, a gas such
as low pressure Nitrogen gas is added to the shock absorber to replace oxygen
air, and lessen aeration and performance fade of the hydraulic fluid.

Accordingly, there is a need for a shock absorber that provides a
combination of a damping force and a spring force during both compression and

extension cycles of the shock absorber.
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SUMMARY

The present strut assembly includes a combination of a damper
assembly and an internal gas spring that absorb vibrations and shock impulses
on the strut assembly.

An embodiment of the present strut assembly is provided and
includes a first cylinder, a second cylinder configured to reciprocally move within
the first cylinder, and a damper assembly positioned within the first cylinder. The
damper assembly includes a housing having opposing first and second ends, a
floating piston in the housing and a damper piston positioned between the
floating piston and the first end of the housing. The damper piston divides the
housing into first and second chambers, where the first and second chambers
include a hydraulic fluid that provides resistance to the movement of the damper
piston in the housing. The strut assembly also includes a gas spring in the first
and second cylinders, where the gas spring includes a pressurized gas contained
within the first and second cylinders.

Another embodiment of the present strut assembly is provided and
includes a vehicle suspension including a frame and a wheel assembly
associated with the frame, and a strut assembly attached to the frame and the
wheel assembly. In this embodiment, the strut assembly includes a first cylinder,
a second cylinder configured to reciprocally move within the first cylinder, a

damper assembly positioned within the first cylinder, and a gas spring in the first
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and second cylinders, where the gas spring includes a pressurized gas contained

within the first and second cylinders.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a vehicle suspension including the
present strut assembly;

FIG. 2 is a top view of the vehicle suspension of FIG. 1;

FIG. 3 is a front view of the vehicle suspension of FIG. 1;

FIG. 4 is a bottom view of the vehicle suspension of FIG. 1;

FIG. 5 is a left side view of the vehicle suspension of FIG. 1;

FIG. 6 is a cross-section view of the vehicle suspension substantially
along line 6-6 of FIG. 1 in the direction generally indicated;

FiG. 7 is a partially exploded front perspective view of the vehicle
suspension of FIG. 1;

FIG. 8 is a cross-section view of the present strut assembly taken
substantially along line 8-8 in FIG. 7 in the direction generally indicated, where
the strut assembly is in a compression cycle;

FIG. 9 is the cross-section view of the present strut assembly of FIG.
8 showing the strut assembly in a compression cycle; and

FIG. 10 is the cross-section view of another embodiment of the
present strut assembly where the strut assembly includes a separated,

pressurized chamber. resent strut assembly.
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DETAILED DESCRIPTION

The present strut assembly provides both a dampening effect and a
spring effect to absorb shock impulses generated during operation of a device,
and more specifically, during the operation of a vehicle.

Referring now to FIGs. 1-9, the present strut assembly is associated
with the vehicle suspension and is attached between the wheel assembly 16 and
the frame 18 to reduce vibrations and shock impulses on the vehicle frame
generated by driving the vehicle on uneven road or terrain, or changing the
direction of the vehicle. Reducing the vibrations and shock impulses on the
vehicle frame and body reduces rocking, pitching, diving and swaying of the
vehicle while driving, and improves contact and traction with the road.

The present strut assembly is generally indicated as reference
number 20, and has a first cylinder or base cylinder 22 and a second cylinder or
working cylinder 24 that slidingly, reciprocally moves within the first cylinder 22.
Specifically, the first cylinder 22 has a first outer diameter and a first inner
dimeter and the second cylinder 24 has a second outer diameter and a second
inner diameter where the second outer diameter is less than the first inner
diameter so that the second cylinder 24 fits within and moves relative to the first
cylinder 22. The diameter and length of the first and second cylinders 22, 24
depends on the magnitude of the shock impulses and vibrations required to be

absorbed by the strut assembly 10 for a particular operation, such as driving off
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road on uneven terrain. It should be appreciated that the first and second
cylinders 22, 24 may be any suitable size and length. In the illustrated
embodiment, the first and second cylinders 22, 24 are made of metal, such as
aluminum, and may also be made with other suitable materials, such as a
composite material, or a combinations of materials.

The first cylinder 22 has a hollow interior with opposing open ends
26, 28. One end 26 of the first cylinder 22 has an end cap 30 attached to the first
cylinder by an annular tab 32 on the inner surface 34 of the end cap 30 that
engages a corresponding groove 36 formed on the outer surface 38 of the first
cylinder. Alternatively, the end cap 30 includes threads on the inner surface 34
that engage corresponding threads formed on the outer surface 38 of the first
cylinder. A through-hole 40 is formed in the center of the end cap 30 and is
configured to receive the second cylinder 24, such that the second cylinder 24
slidingly moves relative to the first cylinder 22.

The opposing end 28 of the first cylinder 22 is closed by an end
plate 42, which includes outer threads that engage threads formed on an inner
surface 72 of the first cylinder 22 at this end. In the illustrated embodiment, an
inner portion of the end plate 42 includes a groove 44 that is configured to
receive a seal member, such as O-rings 46, that forms a seal between the end

plate 42 and the inner surface 34 of the first cylinder 22. It should be appreciated
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that the end plate 42 may be attached to the end of the first cylinder 22 by
welding or other suitable attachment method.

A connecting plate assembly 48 is positioned adjacent to the end
plate 42 and includes an inner connecting plate 50 and an outer connecting plate
52. The outer connecting plate 52 is positioned adjacent to the end plate 42 and
includes a central through-hole 54. A cylindrical connector 56 having opposing
ends 58, 60 is positioned in the through-hole 54 where the opposing ends each
have flanges 62a, 62b that extend along opposing sides of the outer connecting
plate 52 to maintain the connector 56 in place relative to the outer connecting
plate 52. A bearing ring 64 is placed around the outer connecting plate 52
between the flanges 62a, 62b on the ends of the connector. As shown in FIG. 8,
the through-hole 54 of the outer connecting plate 52 extends to a hollow area 66
within the end plate 42. Similarly, the inner connecting plate 50 is positioned
adjacent to the outer connecting plate 52 and is secured to the first cylinder 22 by
a cylindrical ring 68 that engages corresponding groove 70 formed in the inner
surface 72 of the first cylinder 22 and the inner connecting plate 50. This
connection secures the connecting plate assembly 48 to the end of the first
cylinder 22, where the inner connecting plate 50 has a through-hole 74 that is
aligned and co-axial with the through-hole 54 in the outer connecting plate 52

and the hollow area 66.
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Referring to FIGs. 6 and 8, an outer end 76 of the second cylinder
24 includes an end plate 78 having an outer surface 80 with threads that engage
corresponding threads formed on the inner surface 82 of the second cylinder 24.
The end plate 78 includes a top portion having an outwardly extending flange 84
that engages the end 76 of the second cylinder 24 and an inwardly extending
wall 86 that extends at least partly along and engages the inner surface 82 of the
second cylinder. A central receptacle 88 and a pressure equalization port 90 are
formed in the end plate 78 where the port 90 is in communication with a reservoir
storing a pressurized gas as described below. It should be appreciated that the
reservoir is formed in the end plate 42 or is within the strut assembly 20 to
eliminate the need for a burdensome, separate, remote reservoir, tank or
cartridge connected to the strut assembly.

To dampen the vibrations transferred to the vehicle frame 18, the
strut assembly 20 includes a damper assembly 92 positioned inside the second
cylinder 24. More specifically, as shown in FIG. 8, the damper assembly 92
includes a housing 94 having a sidewall 96 where one end 98 of the housing 94
is inserted in the receptacle 88 formed in the end plate 78 and includes threads
on an outer surface 100 that engage threads formed on the inner surface 102 of
the receptacle 88. This end 98 of the housing 94 also includes a through-hole
104 that is aligned with and in communication with the port 90 in the end plate

78.

CA 3000523 2018-04-09



An annular flow channel 106 is formed between the housing 94 of
the damper assembly 92 and the second cylinder 24 by forming the housing 94
with an outer diameter that is smaller than the inner diameter of the second
cylinder 24. The flow channel 106 enables pressurized gas to flow between an
interior chamber 108 inside the housing 94 to an outer chamber 110 formed
between the first and second cylinders 22, 24 as shown in FIGs. 8 and 9.
Specifically, a plurality of holes 112 are formed at the end 98 of the housing 94 to
connect the interior chamber 108 and the flow channel 106. The size, i.e.,
diameter, of the holes is predetermined based on the desired gas flow rate
between the interior and outer chambers 108, 110 and the pressure to be
maintained in the interior and outer chambers 108, 110. It should be appreciated
that one or more holes 112 may be formed in the housing 94.

As shown in the lllustrated embodiment, the interior space of the
housing 94 is divided into a first chamber, i.e., the interior pressure chamber 108,
and a second chamber 114 by a floating piston 116. The floating piston 116 has
an outer diameter that is smaller than the inner diameter of the housing 94 so
that the floating piston forms a seal with the inner surface 118 of the housing 94
while moving relative to the housing. The first or interior chamber 108 includes
holes 112 and has a first volume pressurized with a gas, such as Nitrogen or
other suitable gas, via the port 90 as described in more detail below. In an

embodiment, the pressure of the gas inside the strut assembly 20 is 300 to 400
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psi but may be any suitable pressure. The second chamber 114 includes a
second volume and a damper piston 120 that is attached to an end of a piston
rod 122 by threads, welding or other suitable connection method. The piston rod
122 extends through a through-hole 124 formed in housing end plate 126
attached to the housing 94 and also through the inner and outer connecting
plates 50, 52 on the first cylinder 22. The end of the piston rod 122 is secured to
the end plate 78 by a washer 128 and nut 130 threaded onto the end of the
piston rod. Securing the piston rod 122 to the second cylinder 24 secures the
piston rod 122 and piston 120 in place within housing 94 while the housing 94
moves in unison with the second cylinder (and relative to the piston 120 and the
piston rod 122) thereby changing the position of the piston 120 within the housing
94.

‘The housing 94 of the damper assembly 92, and more specifically,
the second chamber 114 of the housing, is filled with a non-compressible fluid,
such as hydraulic oil 132. The hydraulic oil 132 provides resistance to the
movement of the piston 120 in the second chamber 114 to dampen or reduce the
vibrations on the strut assembly 20. Since the hydraulic oil 132 is not
compressible, the floating piston 116 moves within the housing 94 to account for
the expansion and the reduction of the volume in the housing 94 due to the
volume of the hydraulic oil 132 in the second chamber that is displaced by the

piston rod 122 as the piston rod moves into and out of the interior of the housing
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94 during shock absorption. For example, the floating piston 116 moves toward
the end 98 of the housing 94 when the piston rod 122 moves into the housing 94
during a compression cycle of the strut assembly 20, i.e., when the first cylinder
22 is compressed or moves into the second cylinder 24, to expand the volume of
the second chamber 114 and account for the amount of the volume taken up by
the piston rod. Alternatively, the floating piston 116 moves toward the piston 120
as the piston rod 122 moves out of the housing 94 to account for the change in
volume due to the piston rod moving out of the housing 94.

The amount of dampening provided by the damper assembly 92 is
controlled by through-holes 134 formed in the piston 120 of the damper
assembly. As the piston 120 moves within the housing 94, the hydraulic oil 132
moves between the first and second chambers 108, 114 through the through-
holes 134 formed in the piston. Therefore, the amount of resistance on the
piston 120 by the hydraulic oil 132 is determined by the diameter of the through-
holes 134 in the piston 120. For example, through-holes having a smaller
diameter allow less of the hydraulic oil 132 to pass through the through-holes
during movement of the piston 120 within the housing 94 thereby creating more
resistance to the movement of the piston 120. Alternatively, through-holes with a
larger diameter allow more hydraulic fluid 132 to pass between the first and
second chambers 108, 114 to provide less resistance to the movement of the

piston 120.
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As shown in FIG. 8, an inner end 135 of the second cylinder 24
includes a strut piston 136 having a body 138 with a stepped annular shape
where a first outer diameter of the body 138 is less than the inner diameter of the
first cylinder 22. More specifically, an outer surface 140 of the body 138 has a
groove 142 and a seal ring 144, such as an O-ring, positioned in the groove 142,
along with outwardly extending upper and lower flanges 146, 148, that each
engage and form a seal with the inner surface 72 of the first cylinder 22. Further,
the body 138 has a second outer diameter that is smaller than the first outer
diameter and smaller than the inner diameter of the second cylinder 24 such that
the portion of the body 136 having the second outer diameter extends at least
partly within the second cylinder 24. To allow the pressurized gas to flow
between the interior chamber 108 and the outer chamber 110, the body 138
includes a central through-hole 150 extending between the ends of the body.
Additionally, the inner diameter of the end 152 of the body 138 is greater than the
outer diameter of the housing 94 to form a gap or space between the body 138
and the housing 94 so that the pressurized gas is able to flow between the
housing 94 and the strut piston 136, through the central through-hole 150 and
into the outer chamber 110.

The pressured gas supplied to the strut assembly 20 is preferably
Nitrogen gas but may be another suitable gas, and is filled or supplied to the

housing 94 of the second cylinder 24 from a reservoir 154 through the port 90
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where the reservoir is within the strut assembly 20, and is not supplied from a
remote tank, pressurized cartridge or other separate, pressurized container. The
pressurized gas fills the interior chamber 108, and the outer chamber 110 by
flowing through the holes 112 in the housing 94, through the flow channel 1086,
through the central through-hole 150 and into the outer chamber. The pressure
of the pressurized gas is maintained at a pre-determined, constant pressure
within the strut assembly 20. Therefore, when the floating piston 116 moves
toward the holes 112 in the housing 94 in a compression cycle, the pressurized
gas within the interior chamber 108 is forced out through the holes due to the
reduction in volume in the interior chamber and increase in volume in the outer
chamber 110, and into and through the flow channel 106 and into the outer
chamber 110 due to the pre-determined, constant pressure of the pressurized
gas maintained within the strut assembly 20. Furthermore, the constant pressure
of the gas on the floating piston 116 maintains pressure on the hydraulic oil 132
in second chamber 114 to prevent foaming and cavitation of the hydraulic oil due
to separation of air molecules in the hydraulic oil during the repeated
compression and expansion/extension of the second cylinder 24 relative to the
first cylinder 22

Alternatively, in an expansion cycle, the second cylinder 24 moves
out of the first cylinder 22 due to the flow of the pressurized gas into the outer

chamber 110, which causes the strut piston 136 to move away from the end 28
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of the first cylinder 22. As the piston rod 122 moves out of the housing 94, the
constant pressure of the gas in the interior chamber 108 and the reservoir 154
causes the floating piston 116 to move toward the damper piston 120.

As shown in FIGs. 1, 7 and 8, the end of the first cylinder 22 includes
a cylindrical connector 156 with a through-hole 158. A bushing 160 having a
central through-hole 162 is mounted within the through-hole 158 of the connector
156. A pair of washers 164 are placed on opposing sides of the connector 156
and the connector is inserted between the flanges 166 on the clevis member 168
of the vehicle frame 16. A threaded bolt 170 is inserted through holes 172 in the
clevis member 168, the washers 164 and the central through-hole 162 of the
bushing 160, and secured in place by attaching a washer 174 and lock nut 176 to
the end of the bolt 170. To reduce wear or failure of the strut assembly 20, the
bushing 160 allows for the end of the strut assembly 20 to pivot or rotate relative
to the clevis member 168 to account for lateral movement of the wheel assembly
18.

Referring to FIGs. 1 and 7, the lower portion of the strut assembly 20
is positioned on a support plate 178 of the wheel assembly 18 and is secured to
the wheel assembly by a pinch clamp 180 mounted on the wheel assembly 18
that includes opposing c-shaped arms 182 that are secured together at
corresponding ends by a bolt 184 inserted through through-holes 186 and a nut

188. The inner diameter of the pinch clamp 180 is greater than the outer dimeter
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of the first cylinder 22 such that the first cylinder 22 is inserted through the pinch
clamp 180 and positioned on the support plate 178. The nut 188 is then
tightened on the bolt 184 to cause the ends of the c-shaped arms 182 to move
toward each other and engage the outside surface of the first cylinder 22.

The first cylinder 22 is further secured to the wheel assembly 18 by
snap ring 190. The snap ring 190 includes a first c-shaped member 192
attached to or integrally formed on the wheel assembly 18 that has an inner
diameter that corresponds to the outer diameter of the first cylinder 22. A
separate, second c-shaped member 194 having an inner diameter corresponding
to the outer diameter of the first cylinder 22 is positioned on the outer surface of
the first cylinder 22 and secured to the first c-shaped member 192 by two bolts
196 inserted through holes in the second c-shaped member 194 and threaded
into receptacles 198 on the first c-shaped member 192. The snap ring 190
further includes a protruding annular member 200 that engages a corresponding
annular groove 202 formed in the outer surface 38 of the first cylinder 22 to
further secure the strut assembly 20 to the wheel assembly 18.

In operation, during vibrations or shock impulses generated during
the engagement of the wheel assembly 18 with uneven surfaces of underlying
terrain or roads, the strut assembly 20 moves between compression cycles and
extension cycles. In a compression cycle, a bump or other uneven surface

generates vibrations and/or shock impulses on the wheel assembly 18 that cause
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the wheel assembly 18 to move toward or into the vehicle frame 16 and thereby,
the second cylinder 24 to be compressed or move into the first cylinder 22. To
absorb such vibrations and shock impulses, the present strut assembly 20
employs the combination of a compressed gas spring and a damper assembly.
Specifically, during a compression cycle shown in FIG. 8, the second
cylinder 24 moves into the first cylinder 22 causing the damper piston 120 and
piston rod 122 to move into the housing 94 of the damper assembly 92. As the
piston 120 and piston rod 122 move in the housing 94, the hydraulic oil 132 in the
housing resists the movement of the piston 120 to dampen the shock impulses
on the strut assembly. At the same time, the floating piston 116 moves toward
the holes 112 in the housing 94 to account for the volume of the hydraulic oil 132
displaced by the piston rod 122 moving into the housing 94. The hydraulic oil
132 in the housing 94 therefore provides a designated resistance on the damper
piston 120 to dampen the vibrations or shock impulses transferred to the strut
assembly 20. As the floating piston 116 moves toward the holes 112, the
pressurized gas, i.e., pressurized Nitrogen, in the interior chamber 108 maintains
a constant pressure on the floating piston 116 and thereby, the hydraulic oil 132,
to minimize foaming and cavitation (separation of air molecules) in the hydraulic
oil to improve the working life and effectiveness of the strut assembly 20. The
constant pressure of the pressurized gas in the interior chamber 108, the flow

channel 106 and the outer chamber 110 creates a spring force on the end of the
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first cylinder 22 as shown by the series of arrows in FIG. 8 to further enhance the
shock absorption of the strut assembly 20.

In the extension or rebound cycle, the extension of the strut
assembly 20, i.e., the movement of the second cylinder 24 out of the first cylinder
22, is controlled by the damper assembly 92. As the pressure of the pressurized
gas in the outer chamber 110 pushes against the strut piston 136 to cause the
second cylinder 24 to move outwardly from the first cylinder 22, the resistance of
the hydraulic oil 132 on the damper piston 120 controls the outward movement of
the second cylinder 24 relative to the first cylinder 22. The repeated extension
and rebound cycles of the strut assembly 20 converts the kinetic energy of the
vibrations and shock impulses into thermal energy in the hydraulic oil 132, which
is transferred to the atmosphere through the sidewall of the second cylinder 24
and through the vent openings 206 in the vent areas 204.

Thus, the combination of the dampening effect of the damper
assembly 92 and the spring effect of the pressurized gas absorbs the vibrations
and/or shock impuises on the vehicle frame 16 generated by the engagement of
the wheel assembly 18 with uneven terrain and roads to improve the handling
and smoothness of the ride of the vehicle.

Referring now to FIG. 10, in another embodiment, the strut assembly
200 includes the same components described above that are designated by the

same reference numbers except that a divider plate 202 is positioned between
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the holes 112 in the interior chamber 108 of the housing 94 and the floating
piston 116 and fixed to the inner surface 118 of the housing 94. The divider plate
202 seals a charge of pressurized gas, i.e., Nitrogen gas, between the divider
plate 202 and the floating piston 116 to provide a constant designated pressure
against the floating piston 116 and the hydraulic oil 132 in the second chamber
114. In this embodiment, pressurized Nitrogen gas also flows between the
reservoir 154, the interior chamber 108, the flow channel 106 and the outer
chamber 110 as described above to provide pressure in the outer chamber 110
that generates the spring effect for absorbing the vibrations and shock impulses
and to return the second cylinder 24 to the extended position relative to the first
cylinder 22. It should be appreciated that the divider plate 202 may be secured
at any position between the holes 112 and the floating piston 116 within the
housing 94.

While particular embodiments of the present strut assembly have
been shown and described, it will be appreciated by those skilled in the art that
changes and modifications may be made thereto without departing from the

invention in its broader aspects and as set forth in the following claims.
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Claims

1. A strut assembly comprising:

a first cylinder;

a second cylinder configured to reciprocally move within said first cylinder;

a damper assembly positioned within said second cylinder, said damper
assembly including a housing having opposing first and second ends, a floating piston in
said housing and a damper piston positioned between said floating piston and said first
end of said housing, said damper piston dividing said housing into first and second
chambers, said first and second chambers including a hydraulic fluid that provides
resistance to the movement of said damper piston in said housing; and

a gas spring in said first and second cylinders, wherein said gas spring

includes a pressurized gas contained within said first and second cylinders.

2. The strut assembly of claim 1, further comprising an interior
chamber in said housing between said floating piston and said second end of said

housing, said interior chamber being charged with said pressurized gas.

20
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3. The strut assembly of claim 2, further comprising a flow channel
between said housing and an inner surface of said second cylinder, and an outer chamber
in said first cylinder, wherein said interior chamber 1s in communication with said flow

channel.

4. The strut assembly of claim 2, further comprising a plurality of holes
formed in said interior chamber, and an outer chamber in said first cylinder, said plurality

of holes being in communication with said interior chamber and said outer chamber.

5. The strut assembly of claim 1, wherein said hydraulic fluid is

hydraulic oil.

6. The strut assembly of claim 1, wherein said pressurized gas is

Nitrogen gas.

7. The strut assembly of claim 1, further comprising an equalization
pressure port in one of said first and second cylinders and configured to supply the

pressurized gas to said first and second cylinders.

8. The strut assembly of claim 1, wherein said damper piston includes

at least two holes extending between said first and second chambers.
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9. A vehicle suspension comprising:

a frame and a wheel assembly associated with said frame;

a strut assembly attached to said frame and said wheel assembly, said strut
assembly including:

a first cylinder;

a second cylinder configured to reciprocally move within said first
cylinder;

a damper assembly positioned within said second cylinder, said
damper assembly including a housing and a floating piston that reciprocally moves
within said housing;

a gas spring in said second cylinder, wherein said gas spring

includes a pressurized gas contained within said second cylinder.

10.  The vehicle suspension of claim 9, wherein said housing of said
damper assembly has opposing first and second ends, said damper assembly further
comprising a damper piston positioned between said floating piston and said first end of
said housing, said damper piston dividing said housing into first and second chambers,
said first and second chambers including a hydraulic fluid that provides resistance to the

movement of said damper piston in said housing.
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11.  The vehicle suspension of claim 10, further comprising an interior
chamber in said housing between said floating piston and said second end of said

housing, said interior chamber being charged with said pressurized gas.

12.  The vehicle suspension of claim 11, further comprising a flow
channel between said housing and an inner surface of said second cylinder, and an outer
chamber in said first cylinder, wherein said interior chamber is in communication with

said flow channel.

13.  The vehicle suspension of claim 12, further comprising a plurality of
holes formed in said interior chamber, and an outer chamber in said first cylinder, said

plurality of holes being in communication with said interior chamber and said flow

channel.

14.  The vehicle suspension of claim 10, wherein said hydraulic fluid is
hydraulic oil.

15.  The vehicle suspension of claim 10, wherein said pressurized gas is
Nitrogen gas.

16. The vehicle suspension of claim 9, further comprising an
equalization pressure port in one of said first and second cylinders and configured to
supply the pressurized gas to said first and second cylinders.
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17.  The vehicle suspension of claim 10, further comprising a strut piston
attached to said second cylinder, wherein a gap is formed between said strut piston and

said housing.

18.  The strut assembly of claim 9, wherein said damper assembly
includes a damper piston having at least two holes extending between said first and

second chambers.

19. A vehicle suspension comprising:
a frame and a wheel assembly associated with said frame;
a strut assembly attached to said frame and said wheel assembly, said strut
assembly including:
a first cylinder;
a second cylinder configured to reciprocally move within said first
cylinder;
a damper assembly positioned within said second cylinder, said
damper assembly including a housing having opposing first and second ends, a
floating piston in said housing and a damper piston positioned between said
floating piston and said first end of said housing, said damper piston dividing said
housing into first and second chambers, said first and second chambers including a
hydraulic fluid that provides resistance to the movement of said damper piston in

said housing; and
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a gas spring in said first and second cylinders, wherein said gas

spring includes a pressurized gas contained within said first and second cylinders.

20.  The vehicle suspension of claim 19, further comprising an interior
chamber in said housing between said floating piston and said second end of said

housing, said interior chamber being charged with said pressurized gas.
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