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(57) Abregé/Abstract:

A pneumatic counterbalance spring (10) includes a hollow cylinder (15) defining a first internal chamber (20) divided into a
compression compartment (50) and an extension compartment (55) by a piston (25) movably mounted in the chamber. The
compression compartment (50) contains pressurized gas and a seal assembly (60) which Is mounted on the piston (25) prevents
the gas from escaping Into the extension compartment (55). A piston rod is slidably mounted in the open end of the piston. The
piston rod (30) includes a hollow portion defining a second internal chamber (125) which Is fluidly connected to the compression
compartment (50) by a flow passage (140). A gas permeably insert (150) may be positioned In the flow passage to provide
restricted rate flow of gas through the flow passage.
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(87) Abstract

A pneumatic counterbalance spring (10) includes a hollow cylinder (15) defining a first internal chamber (20) divided into a
compression compartment (50) and an extension compartment (55) by a piston (25) movably mounted in the chamber. The compression
compartment (50) contains pressurized gas and a seal assembly (60) which is mounted on the piston (25) prevents the gas from escaping
into the extension compartment (55). A piston rod is slidably mounted in the open end of the piston. The piston rod (30) includes a hollow
portion defining a second internal chamber (125) which is fluidly connected to the compression compartment (50) by a flow passage (140).
A gas permeably insert (150) may be positioned in the flow passage to provide restricted rate flow of gas through the flow passage.
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PNEUMATIC SPRING

TECHNICAL FIELD

The present invention relates generally to a
pneumatic spring and, more particularly, to a
pneumatic spring which increases the surface area
of the piston acted on by pressurized gas

contained in the spring.

BACKGROUND

Pneumatic or gas springs are commonly used to
provide a counterbalance force for closure units,
such as 1lids, doors and cabinet fronts, and to
provide gas spring replacement for mechanical
sSpring. In the automotive field, for example,
pneumatic springs are used to assist in opening
and supporting trunk lids and hatchbacks. In such
applications, the counterbalance spring assemblies
are compressed when the 1lid is closed, and they
extend under differential pressure force acting on
the piston when the 1lid is opened.

In conventional pneumatic springs, both the
extension and compression chambers are
pressurized,  and therefore, the pressure

differential between the cylinder and the

atmosphere only acts on the effective cross-
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section area of the piston rod which lies in a
plane 90° to the longitudinal axis of the rod. As
a result, and in a majority of applications, a
relatively high internal cylinder pressure is
required to cause the spring to extend. For
example, 1in automotive applications it is not
uncommon for the pneumatic springs to be
pressurized to 2000 psi or more. These high
operating pressures impose stringent strength
regquirements on the materials used to fabricate
the pneumétic spring components and this adds to

the complexity of the manufacturing process.

PCT/US96/08181
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SUMMARY OF THE INVENTION
Accordingly an object of the present
invention is to provide a pneumatic spring in
which the pressurized gas within the spring acts
over an 1lncreased cross-sectional area of the

piston.

Another object of the present invention is to

provide a pneumatic spring which provides for
different flow rates through the piston during the
compression and expansion strokes.

Still another object of the present invention
is to provide a pneumatic spring having an
integrally formed piston and piston rod assembly.

A further object of the present invention is
to provide a pneumatic spring in which the
extension chamber is not pressurized.

Still a further object of the present
invention is to provide a pneumatic spring which
produces output forces comparable to traditional
pneumatic springs at much lower internal
pressures.

Another object of the present invention is to

provide a pneumatic spring which is suitable for
applications requiring a low spring rate and a

reduced overall length.
A further object of the present invention is
to provide a pneumatic spring in which damping is

fully independent of spring orientation.

PCT/US96/08181
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Yet another object of the present invention
is to provide a pneumatic spring which is
relatively easy and economical to manufacture.

Another object of the present invention is to
provide a pneumatic spring having a design which
reduces gas loss from within the spring.

These and other objects and advantages are
provided by a pneumatic Spring comprising a hollow
Ccylinder defining a first internal chamber having
an open end and a closed end. A piston rod is
slidably mounted in the open end of the cylinder.
The piston rod includes a hollow portion defining
a second internal chamber, a first end extending
into the first internal chamber, and a second end
projecting from the open end of the cylinder. A
piston is slidably positioned in the cylinder and
i1s connected to the first end of the piston rod
for movement therewith. The piston divides the
first internal chamber into a compression
compartment adjacent the closed end of the
Ccylinder and an extension compartment adjacent the
open end of the cylinder. A predetermined
quantity of gas is disposed in the compression
compartment under a pressure in excess of
atmospheric pressure. A seal assembly is mounted
on the piston for preventing gas from bypassing
the piston and flowing between the compression and

extension compartments. A flow passage extends

PCT/US96/08181
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through the piston between the compression
compartment and the second internal chamber to
permit the gas to flow therebetween.

In accordance with one embodiment, a gas
permeable 1nsert of a predetermined porosity is
positioned in the flow passage to provide a
restricted flow rate through the flow passage. In
accordance with another embodiment, a check valve
enables a restricted flow rate through the flow
passage during the extension stroke and a free,
by-pass flow of gas through the flow passage
during the compression stroke. The check valve
includes a gas permeable insert mounted with the
piston for movement between a first position at
which gas flow through the flow passage is limited
to that which flows through the gas permeable

insert. The check valve moves to a second position

during the compression stroke to permit gas

flowing through the flow passage to by-pass the
gas permeable insert. The gas permeable insert
can be formed of a variety of materials including
sintered bronze, sintered iron, porous ceramic, or

porous plastics.

Other objects and advantages of the present

invention will become apparent upon reference to
the accompanying detailed description when taken

in conjunction with the following drawings.

PCT/US96/08181
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BRIEF DESCRIPTION OF TEE DRAWINGS
FIG. 1 is a cross-sectional view of a first

embodiment of a pneumatic spring.

FIG. 2 is a cross-—-sectional view of a second
embodiment of the pneumatic spring.

FIG. 3 1s a cross-sectional view of a
pneumatic spring incorporating an integrally
formed piston and piston rod assembly.

FIG. 4 1s a cross-sectional view of an

alternative piston design which can be employved in

the pneumatic spring of FIG. 1.
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DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, a first embodiment of a
pneumatic spring 10 includes a hollow cylindrical
tube (cylinder) 15 defining an internal chamber
20, a piston 25, and a piston rod 30. As will be
understood, the length of the cylinder 15 and
sizing of the other components is determined by
the intended application of the spring 10. A

first end 35 of the cylinder 15 is open and a

-second end 40 of the cylinder 15 is closed by an

end cap 45 which is secured to the cylinder 15 by
a method such as welding or swaging. A piston 25
1s slidably positioned within the cylindér 15 and
divides internal chamber 20 into a compression

compartment 50 adjacent the closed end 40 of the

cylinder 15 and an extension compartment 55
adjacent the open end 35 of the cylinder 15. The
volumes of the compartments 50, 55 vary according
to the position of the piston 25 within the
internal chamber 20. The compression compartment
50 is filled with a gas (preferably an inert gas
such as nitrogen) under a pressure greater than
atmospheric pressure, whereas the extension
compartment 55 1s wunpressurized and normally
approximates atmospheric pressure. A
predetermined amount, e.g., 2.5 cc, of lubricating

oil may be placed in compartment 50 to provide

PCT/US96/08181
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lubrication between the piston and the inner
diameter of the cylinder 15.

Unlike prior designs, the compression and
extension compartments 50, 55 are not in fluid
(L.e. gas or 1iquid) communication with each
other. Rather, a seal assembly 60 positioned
between the piston 25 and the inner diameter of
the cylinder 15 prevents the pressurized gas in
the compression compartment 50 from escaping into
the extension compartment 55. The seal assembly
60 includes a large bi-directional ring seal 65
(known as a Quad-seal) and a washer 70, both of
which are mounted on a reduced diameter portion 75
Oof the piston 25. Although the seal assembly 60
is mounted on the piston's inner face, it could
readily be positioned at other locations such as

the piston's outer face or its outer diameter.

cylinder 15 while imposing relatively low friction
forces against the cylinder walls during extension
and compression strokes. The Quad-seal 65
provides a multiple circumferential line contact
with both the piston 25 and the inner diameter of
the cylinder 15, in effect acting like a plurality
of small O-rings. In this respect, it should be
noted that a plurality of O-rings could be

substituted for the Quad-seal 65. The washer 70

PCT/US96/08181
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1s provided to act as a resilient backing for the
Quad-seal 65 and to prevent seal damage in higher

pressure applications.

The piston rod 30 is slidably mounted in the
open end of the cylinder 15. The outer end 80 of
the piston rod 30 projects out through a bushing
assembly 85 mounted in the open end 35 of the
cylinder 15 while the inner end 90 is fixedly
connected to the piston 25. The outer end 80 of
the piston rod terminates in a first connector
link 95 which is rigidly secured to the piston rod
30 by a means such as screw threads or welding.
A second connector link 100 is similarly.secured
to the end cap 45 of the cylinder 15. The
connector 1links 95, 100 permit the pneumatic
spring 10 to be connected, for-ékample, between a
vehicle body and a load, e.g. the hood, trunk,
hatch, etc.

The bushing assembly 85 includes a shaped
bushing 105 and washer 110, both of which have a
free, close fit around the rod 30 and within the
cylinder 15. The washer 110 is preferably made
from a sintered plastic. Suitable materials for
the washer 110 are commercially available under
the tradenames Poron and Teflon. The bushing 105
and washer 110 are secured within the cylinder 15
between a crimp 115 formed in the open end 35 of

the cylinder 15 and a rolled indentation 120

PCT/US96/08181
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formed in the c¢ylinder wall. The rolled
indentation 120 also functions as a stop to limit
Piston travel during the extension stroke. In

contrast with prior pneumatic spring designs, it

'is not necessary to seal the open end 35 of the

cylinder 15 because the extension compartment 55
i1s not pressurized. In fact, a bore (not shown)
may be provided for venting the extension
compartment 55 to the atmosphere to reduce any
pressure differential between the extension
compartment 55 and the atmosphere during movement
of the piston 25.

The piston rod 30 includes a hollow portion
defining an internal chamber 125 of a fixed
volume. Preferably, the piston rod 30 is formed
of hollow tubing and, as such, the internail
Chamber 125 extends along substantially the entire
length of the piston rod 30. The projecting end
80 of the piston rod 30 is closed by an end cap
130 which is secured to the piston rod 30 by a
method such as welding or swaging. The internal
end 90 of the piston rod 30 is connected to a
reduced diameter portion 135 formed on the outer
face of the piston 25 by a method such as welding
(as shown), brazing or a shrink fit, etc. The

reduced diameter portion 135 of the piston 25

extends into the piston rod internal chamber 125

and forms a seal between the piston rod 30 and the

PCT/US96/08181
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piston 25. A flow passage 140 extends through the
piston 25 between the compression compartment 50
and the piston rod internal chamber 125. A gas
permeable 1insert 150 1is secured within flow
passage 140 to restrict the flow of pressurized
gas between the compression compartment 50 and the

internal chamber 125.

Operation of the pneumatic spring 10 of FIG.
1 will now be described by way of example. For
illustration purposes, it is assumed that the
pneumatic spring 10 is connected to a hinged door
(not shown) for moving the door between an open
position and a closed position. For this purpose,
one of the connector links 95, 100 is connected to

a stationary member, such as the door frame, and

the other connector link 95, 100 is connected to

the door for moving the door relative to the

franme.

When the door 1is closed, the pneumatic spring

10 is at its compressed position with the piston

25 moved towards the closed end 40 of the cylinder

15 and the pressures within the compression
compartments 50 and the internal chamber 125 are
equalized. Once the door 1is unlatched, the
pressurized gas in the compression compartment 50
acts against the internal face 145 of the piston

(as defined by the piston 25 and the Quad-ring

65), driving the piston 25 towards the open end 35

PCT/US96/08181
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©of the cylinder 15. The piston 25 in turn extends
the piston rod 30, moving the door towards jits

open position. Because the pressurized gas acts

the end cap 130 and piston face 136, output forces
equal to those of traditional gas springs are
produced at much lower internail pressures. The
additional gas volume 125 serves +to provide a
lower spring rate. When and external force is
subsequently applied to close the door, i.e.,

compress the spring assembly, the piston rod 30 is

50 forces gas through the flow passage 140 (and

insert 150) and into the piston rod internal

Chamber 125. As will be appreciated, the size of

o vary the rate of pressure equalization between
the volumes 50, 125. The additional volume of
the piston rod internal chamber 125 reduces the
pressure rate of increase occurring in the
compression compartment 50 during the compression
stroke, thereby reducing the rate of lncrease of
the force.required.to:éompress the spring 10. The
total gas volume 125 can be adjusted to wvary the

‘rate' of the spring.

PCT/US96/08181
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The above-described design provides an
extension rate which 1s a function of the
pressurized gas volume, the gas pressure, and the
external 1load attached to the spring 10. Its
tubular construction is advantageous from a cost
standpoint. The increased volume provided by the
piston rod internal chamber 125 makes this design
ldeal for applications where a low spring rate is
desired and where the length of the spring 10
needs to be minimized. In addition, the reduced
operating gas pressures of the spring extend its
useful life by reducing the likelihood of charge
loss by the spring. '

By the application of the gas permeable

insert, a more controlled extension rate is

obtained. A variety of materials are suitable for
forming the permeable insert 150, including
sintered bronze, sintered iron, a combination of
sintered bronze and 1iron, porous ceramic and

certain plastics. Permeable insert 150 slows the

‘rate of pressure equalization between the

compression compartment 50 and the piston rod
internal chamber 125, resulting in a 9Ysoft" or
controlled force to the end of the extension
stroke. In essence, the insert 150 causes the
piston rod internal chamber 125 to act as a

"booster" chamber which maintains or gfadually

PCT/US96/08181
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increases the spring's output force near the end
of the extension stroke.
When the spring has been compressed for a

sufficient time, the gas pressure in the

- compression compartment 50 and the piston rod

internal chamber 125 will be equalized by flow
through the insert 150. Once the door is
unlatched, the pressurized gas in the compression
compartment 50 drives the piston 25 towards the
open end 35 of the cylinder 15. As the piston 25
moves towards its extended position, the pressure
in the compression compartment 50 drops below that
Oof the piston rod internal chamber. This §ressure
differential causes pressurized gas from the
Piston rod internal chamber 125 to flow through
the flow passage 140 and porous insert 150 and
into the expanding volume of the compression
compartment 50. The permeable insert 150,
however, controls the rate . of pressure
equalization between the two volumes and prevents
instantaneous pressure equalization between the
two volumes. The metering rate through the flow
passage 140 can be adjusted by using multiple
inserts and/or by varying the compaction and hence
the porosity of the insert 150. |
Referring to FIG. 2 a second embodiment of

the pneumatic spring 10 is illustrated. The first

and second embodiments utilize many of the same

PCT/US96/08181
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components, so the same reference numbers have be
used to identify like components in FIGs. 1 and 2.
The primary difference between the two embodiments
i1s that the second embodiment_ employs a check
valve 215 which provides restricted rate flow of
gas during the extension stroke, and relatively

free, by-pass gas flow through the flow passage

during the compression stroke.

The check valve 215 includes an O-ring seal
220, a gas permeable washer stack 225, and a
spring 230 such as a Belleville valve spring, all
of which are positioned 1in a counterbore 235
formed in the reduced diameter portion 135 of the
piston 25. The end of the counterbore 235 is
swaged to secure the valve components within the
counterbore 235. The O-ring seal 220 is mounted
in a recess formed at the junction of the flow
passage 140 and the counterbore 235. The spring
230 normally biases the washer stack 225 against
the O-ring seal 220. The washer stack 225 is
slidable in the counterbore 235 between a closed
position at which the washer stack 225 abuts the
O-ring seal 220, and an open position at which the
washer stack 225 is disengaged from the O-ring
seal.

During the extension stroke, the washer stack

225 1s biased to its closed po_si_tion by the spring

230, and also by the higher gas pressure of the

PCT/US96/08181
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Piston rod internal chamber 125. When the washer
stack 225 1is at its closed position, gas flow
through the flow passage 140 is limited by the
rate of fluid flow through the washer stack. As
such, the pneumat_ic-spri_ng 10 has a response J_:a-te
during the extension stroke which is similar to
that of a spring employing the permeable insert
150 described above. During the compression
stroke, however, the washer stack 225 is biased to
its open position in response to the pressure in
the compression compartment 50 exceedling the
pressure in the piston rod internal chamber 125 by

an amount sufficient to overcome the force of the

spring 230. In particular, the increasing gas

250. When this force exceeds the force of the
spring 230, the washer stack 225 is biased off of
the O-ring seal 220, i.e., to its open position.
The pernieable washer stack 225 has a smaller outer
diameter than the diameter of the counterbore 235,
to permit the gas to by-pass the washer stack when
the stack is biased to its open position. The gas
flows through the flow passage 140, between the
washer stack 225 and the O-ring 220, into the

Sspace between the outer diameter of the washer

stack 225 and the walls of the counterbore 230,

PCT/US96/08181



10

15

20

25

WO 96/41086

CA 02222799 1997-11-28

- 17 -

through the opening 255 1in the end of the
counterbore 235, and into the piston rod internal
chamber 125.

The washer stack 225 is formed of a plurality
of gas permeable washers made from a porous
material similar to the materials described above
in connection with the permeable insert 150. As
wlill be appreciated, the stack 225 can be used
with or without the permeable insert 150. If the
permeable insert 150 is not employed, the flow
rate during the extension stroke is controlled
solely by the flow rate through the permeable
washer stack 225. The number of washers,‘as well
as the porosity of the washers, can be varied to
vary the flow rate 1in accordance with +the

regquirements of a particular application. It

should be appreciated that the washer stack 225

can be used 1in combination with the permeable

insert 150 to decrease the flow rate through the

passage 140.

FIG. 3 illustrates an integrally formed
piston rod and piston assembly 300 which can be
employed 1n the pneumatic counterbalance spring
10. This integrally formed assembly is preferable
from a cost and manufacturing standpoint. The
integral assembly 300 is formed from tubular

stock, such as steei, processed to achie\}e the

shape illustrated in FIG. 3. In particular, the

PCT/US96/08181
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assembly 300 includes a rod portion 310 and a
piston portion 315. The rod portion 310 is
slidably mounted in the bushing assembly 85 and
extends out of the cylinder 15. The rod portion
315 defines the hollow internal chamber 125 and
the extending end of the rod portion 310 is swaged
to seal the internal chamber 125 from the
atmosphere. Alternatively, the end can be sealed
using an end cap similar to those described above.
Ideally, the swaged end includes a pressurizing
hole 320 which is used to pressurize the internal
Chamber and the extension chamber 50 during the
manufacturing process. Once the cylinder is
pressurized, the pressurizing hole is sealed by a
Pin, rivet, or by welding the connector link 95 to
the end of the rod portion 310.

The piston portion 315 includes an increased

diameter portion 325 and a reduced diameter
portion 330. The increased diameter portion 325
forms a close, free sliding fit with the inner
diameter of the cylinder 15, whereas the reduced
diameter portion 330 is sized to carry the seal
assembly 60. A nonporous insert 340 mounted
within the reduced diameter portion of the piston
defines the flow passage 140 extending between the-
compression chamber and the piston rod internail
Chamber 125. The inner end of the tube is swaged

o secure the insert 340 within the tube. A gas

PCT/US96/08181
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permeable insert similar to those described above
can be positioned in flow passage 140.
Alternatively, the nonporous 1insert can Dbe
constructed to include a check valve (not shown)

similar to that described above, and shown in FIC.

2.

FIG. 4 illustrates an alternative design for
the piston 25 used in the embodiments illustrated
in FIGs. 1 and 2. The embodiment shown in FIG. 4
utilizes many of the same or similar components to
those utilized in the embodiments shown in FIGS.
1 and 2. Hence, 1like components have been
indicated with the same reference numei:'als and
only the differences will be discussed at this
point. The primary difference is that the piston
25 1n FIG. 4 1includes an inwardly protruding
extension 400 which extends beyond the inner face
of the Quad seal 65. The extension prevents the
seal lubricant from entering the flow passage 140.
This is especially important when a permeable
insert (FIG. 1) and/or a permeable washer staék

(FIG. 2) are positioned in the bore because the
lubricating oil could plug these porous
components, thereby adversely affecting the flow
rate of the spring 10. It is to be appreciated
that in instances where an increased gas flow rate
is required, it may be desirable to leave the flow

passage 140 open as 1s shown in FIG. 4.

PCT/US96/08181
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In the illustrated embodiments, the inner end
of the piston 25 serves as a stop for the sSpring

during its compression stroke. In particular, the
inner end of the piston engages against the closed
end 40 of the cylinder to limit inward movement of
the piston 25. Alternatively, rolled indentations
(not shown) may be formed in the wall of the
compression compartment 50 to limit travel during
the compression stroke.

The pneumatic spring 10 described herein is
advantageous over traditional gas springs in which
both the extension and compression compartments
are pressurized. in the present design only the
compression compartment is pressurized, and thus,
the pressurized gas acts against the entire
projected surface area of +the piston face.
Because the pressurized gas acts on a larger
surface area in the present design, equivalent
output forces are produced at much lower internal
pressures than are required by traditional gas
springs. For example, prototype units pressurized
at 100 psi at compression produce an output force
which is approximately equal to that of a

traditional gas spring pressurized at 700 psi.

The lower operating pressures of this design allow

less costly and lighter materials to be used. The
lower operating pressure also extends the life of

the spring 10 by reducing the likelihood that the

PCT/US96/08181
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spring 10 will lose its charge due to gas leakage.
A significant benefit of the pneumatic spring 10
is that damping is fully independent of spring
orientation, unlike most o0il damping systems. In
addition, an integrally formed piston rod and
piston can be employed to further reduce the cost
of the unit. The permeable insert and permeable
check valve provide a wide variety of flow control
options to suit the needs of a wide range of
applications.

Although the present invention has been
described with reference to specific embodiments,
those of skill in the art will recognize that
changes may be made thereto without departing from

--the scope and spirit of the invention as set forth

in the appended claims.
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What is Claimed is:

L.

A pneumatic spring, comprising:

a hollow cylinder having an open end and a closed end,
and defining a first internal chamber;

a piston rod slidable mounted in the open end of the
cylinder, the piston rod defining a second internal chamber and
having a first end extending into the first internal chamber and
a second end projecting from the open end of the cylinder;

a piston slidable positioned in the cylinder and dividing
the first internal chamber into a compression compartment
adjacent the closed end of the cylinder and an extension
compartment adjacent the open end of the cylinder, the
volumes of the compression and extension compartments

varying in accordance with the position of the piston, the piston
being connected to the first end of the piston rod for movement
away from the cylinder closed end during an extension stroke
and toward the C);linder clo;éd end during a compression
stroke;

a predetermined quantity of gas in the compression

compartment under a pressure in excess of atmospheric

pressure;

a seal assembly mounted on the piston and adapted to
prevent gas flow between the compression and extension

compartiments;
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a flow passage extending through the piston between the
compression compartment and the second internal chamber and

permitting gas flow therebetween; and

a gas permeable insert of a predetermined porosity
positioned in the flow passage and adapted to provide restricted
flow rate of gas through the flow passage.

2. A pneumatic spring as set forth in claim 1, wherein the gas
permeable insert is formed of sintered bronze.

3. A pneumatic spring as set forth in claim 1, wherein the gas
permeable insert is formed of sintered iron.

4. A pneumatic spring as set forth in claim 1, wherein the gas
permeable insert is formed of porous ceramic.

5. A pneumatic spring as set forth in claim 1, wherein the gas
permeable insert is formed of sintered iron and sintered bronze.

6. A pneumatic spring as set forth in claim 1, wherein the gas
permeable insert i1s formed of combinations of plastic.

7. A pneumatic spring as set forth in claim 1, further comprising
a valve means for enabling restricted ﬂoW rate of gas through the flow
passage during the extension stroke and a free by-pass flow of gas through the
flow passage during the compression stroke.

8. A pneumatic spring as set forth in claim 7, wherein the valve
means COmprises:
a valve seat formed in one end of the fluid passage;

a seal positioned in the valve seat;
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a gas permeable insert mounted for movement relati\.fe to the
valve seat between a first position at which the gas permeable insert
abuts the seal and restricts gas flow through the flow passage to that
which flows through the gas permeable insert and a second position at
which the permeable insert is disengaged from the seal to permit gas
flowing through the flow passage to by-pass the gas permeable insert;
and

means for biasing the gas permeable insert to its first position
unless the internal pressure of the compression compartment exceeds

the internal pressure of the second internal chamber by a preselected

amount.

9. A pneumatic spring as set forth in claim 8, wherein the gas

permeable insert is formed of sintered bronze.

10. A pneumatic spring as set forth in claim 9, wherein the gas

permeable insert is formed of sintered iron.

11. A pneumatic spring as set forth in claim 9, wherein the gas

permeable insert is formed of porous ceramic.

12. A pneumatic spring as set forth in claim 9, wherein the gas

permeable insert is formed of sintered iron and sintered bronze.

13. A pneumatic spring as set forth in claim 9, wherein the gas

permeable insert is formed of plastic.

14. A pneumatic spring as set forth in claim 1, further comprising

a bushing assembly fixedly mounted in the open of the cylinder, the bushing

having a center opening for slidably engaging and supporting the piston rod
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as it moves relative cylinder.

135. A pneumatic spring as set forth in claim 1, wherein the
extension chamber is at a pressure which approximates atmosphere pressure.
16. A pneumatic spring as set forth in claim 1, wherein the piston

and piston rod are integrally formed.

17. A pneumatic spring as set forth in claim 16, wherein the piston
and the piston rod are integrally formed from steel tubing.

18. A pneumatic spring as set forth in claim 17, wherein the piston
further comprises a nonporous insert mounted in the steel tubing and defining
a fluid passage between the compression compartment and the second internal
chamber.

19. A pneumatic spring as set forth in claim 16, further comprising
a porous insert mounted in the fluid passage and adapted to provide a

restricted flow rate of gas between the compression compartment and the

second internal chamber.
20. A pneumatic spring as set forth in claim 1, wherein the
predétérmined quantity of lubribating 0il is contained in the compression

compartment to provide a lubricating film between the piston seal and the

“internal surface of the hollow cylinder.

21. A pneumatic spring as set forth in claim 20, wherein the piston

is formed with in inwardly protruding extension to prevent the lubricating oil

from entering said flow passage.
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