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FIG. 6

suspension systems includes a top plate, a bottom plate, and a bellows.
The bellows includes a first lobe, a second lobe, and a third lobe oper-
atively connected to one another. The first lobe being in fluid commu-
nication with the second lobe. The second lobe being in fluid commu-
nication with said third lobe. The first lobe operatively mounted on the
top plate. The third lobe operatively mounted on the bottom plate. The
second lobe includes a fixed volume under pressure to provide damping
to the air spring during operation of the vehicle.
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DAMPING CONVOLUTED AIR SPRING

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Patent Application Serial No.

62/468,988, filed March 9, 2017.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The invention relates to medium duty vehicles and heavy-duty vehicle trucks and tractor-
trailers. More particularly, the invention is directed to an air-ride axle/suspension system for a
medium-duty or heavy-duty vehicle. More specifically, the invention is directed to a multiple
lobe damping convoluted air spring for air-ride axle/suspension systems of medium—duty or
heavy-duty vehicle trucks and tractor-trailers. More particularly, the multiple lobe damping
convoluted air spring includes a rigid lobe having an internal chamber that is in fluid
communication with the other lobes via at least one opening formed through the wall(s) of the
chamber and adjacent lobes. This structure and arrangement provides restricted airflow between
the chamber and the lobes in order to promote damping of the convoluted air spring during
operation of the vehicle at a first frequency range, and the rigid lobe includes a mass that
promotes mass damping of the convoluted air spring during operation of the vehicle at a second

frequency range.
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BACKGROUND ART

The use of air-ride trailing and leading arm rigid beam-type axle/suspension systems has
been very popular in the heavy-duty truck and tractor-trailer industry for many years. Although
such axle/suspension systems can be found in widely varying structural forms, in general their
structure is similar in that each system typically includes a pair of suspension assemblies. In
some heavy-duty vehicles, the suspension assemblies are connected directly to the primary
frame of the vehicle. In other heavy-duty vehicles, the primary frame of the vehicle supports a
subframe, and the suspension assemblies connect directly to the subframe. For those heavy-duty
vehicles that support a subframe, the subframe can be non-movable or movable, the latter being
commonly referred to as a slider box, slider subframe, slider undercarriage, or secondary slider
frame. For the purpose of convenience and clarity, reference herein will be made to main
members, with the understanding that such reference is by way of example, and that the present
invention applies to heavy-duty vehicle axle/suspension systems suspended from main members
of: primary frames, movable subframes and non-movable subframes.

Specifically, each suspension assembly of an axle/suspension system includes a
longitudinally extending elongated beam. Each beam typically is located adjacent to and below
a respective one of a pair of spaced-apart longitudinally extending main members and one or
more cross members which form the frame of the vehicle. More specifically, each beam is
pivotally connected at one of its ends to a hanger which in turn is attached to and depends from a
respective one of the main members of the vehicle. An axle extends transversely between and
typically is connected by some means to the beams of the pair of suspension assemblies at a
selected location from about the mid-point of each beam to the end of the beam opposite from its
pivotal connection end. The beam end opposite the pivotal connection end also is connected to

an air spring, or its equivalent, which in turn is connected to a respective one of the main
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members. A height control valve is mounted on the main member or other support structure and
is operatively connected to the beam and to the air spring in order to maintain the ride height of
the vehicle. A brake system and one or more shock absorbers for providing damping to the
axle/suspension system of the vehicle in those situations where the air spring is of the non-
damping variety also are mounted on the axle/suspension system. The beam may extend
rearwardly or frontwardly from the pivotal connection relative to the front of the vehicle, thus
defining what are typically referred to as trailing arm or leading arm axle/suspension systems,
respectively. However, for purposes of the description contained herein, it is understood that the
term “trailing arm” will encompass beams which extend either rearwardly or frontwardly with
respect to the front end of the vehicle.

In an alternative configuration, each suspension assembly of the axle/suspension system
may include a pair of longitudinally extending elongated beams spaced above and below one
another in a generally parallelogram configuration. Each one of the pair of beams is pivotally
connected to a hanger at the front end of each beam. Each of the upper and lower trailing beams
is pivotally connected to an axle assembly at the rear end of each beam. The upper and lower
trailing beams form a parallelogram, or modified parallelogram type of suspension system.
Thus, two hangers and two each of the upper and lower trailing beams are provided in the
axle/suspension system, one of each on each lateral side of the axle/suspension system.

The axle/suspension systems of the heavy-duty vehicle act to cushion the ride, dampen
vibrations and stabilize the vehicle. More particularly, as the vehicle is traveling over the road,
its wheels encounter road conditions that impart various forces, loads, and/or stresses,
collectively referred to herein as forces, to the respective axle on which the wheels are mounted,
and in turn, to the suspension assemblies that are connected to and support the axle. In order to
minimize the detrimental effect of these forces on the vehicle as it is operating, the

axle/suspension system is designed to react and /or absorb at least some of them.
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These forces include vertical forces caused by vertical movement of the wheels as they
encounter certain road conditions, fore-aft forces caused by acceleration and deceleration of the
vehicle, and side-load and torsional forces associated with transverse vehicle movement, such as
turning of the vehicle and lane-change maneuvers. In order to address such disparate forces,
axle/suspension systems have differing structural requirements. More particularly, it is desirable
for an axle/suspension system to be fairly stiff in order to minimize the amount of sway
experienced by the vehicle and thus provide what is known in the art as roll stability. However,
it is also desirable for an axle/suspension system to be relatively flexible to assist in cushioning
the vehicle from vertical impacts, and to provide compliance so that the components of the
axle/suspension system resist failure, thereby increasing durability of the axle/suspension
system. It is also desirable to dampen the vibrations or oscillations that result from such forces.
A key component of the axle/suspension system that cushions the ride of the vehicle from
vertical impacts is the air spring, while a shock absorber typically provides damping
characteristics to the axle/suspension system.

The typical air spring of the type utilized in heavy-duty air-ride axle/suspension systems
can be of the rolling lobe type or the convoluted type. The rolling lobe type air spring includes
three main components: a flexible bellows, a piston and a bellows top plate. The bellows is
typically formed from rubber or other flexible material, and is operatively mounted on top of the
piston. The piston is typically formed from steel, aluminum, fiber reinforced plastics or other
rigid material, and is mounted on the rear end of the top plate of the beam of the suspension
assembly by a pedestal and fasteners, which are generally well known in the art. The volume of
pressurized air, or “air volume”, that is contained within the air spring is a major factor in
determining the spring rate of the air spring. More specifically, this air volume is contained
within the bellows and, in some cases, the piston of the air spring. The larger the air volume of
the air spring, the lower the spring rate of the air spring. A lower spring rate is generally more

desirable in the heavy-duty vehicle industry because it provides a softer ride to the vehicle
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during operation.  Typically, the piston either contains a hollow cavity, which is in
communication with the bellows and which adds to the air volume of the air spring by allowing
unrestricted communication of air between the piston and the bellows volumes, or the piston has
a generally hollow cylindrical-shape and does not communicate with the bellows volume,
whereby the piston does not contribute to the air volume of the air spring.

The convoluted type air spring includes three main components: a flexible bellows, a top
plate and a bottom plate. The bellows is typically formed from rubber or other flexible or elastic
material, and is operatively mounted at its top end to the top plate and at its bottom end to the
bottom plate of the air spring. The top plate is connected to an air spring bracket that is in turn
mounted to the main member of the vehicle. The top plate can also be directly connected to the
main member of the vehicle without use of the air spring bracket. The bottom plate of the air
spring is mounted on the axle assembly of the axle/suspension system. The volume of
pressurized air, or “air volume”, that is contained within the air spring is a major factor in
determining the spring rate of the air spring. More specifically, this air volume is contained
within the bellows for a convoluted air spring. The larger the air volume of the air spring, the
lower the spring rate of the air spring. A lower spring rate is generally more desirable in the
heavy-duty vehicle industry because it provides a softer ride to the vehicle during operation.
The convoluted type of air spring is typically utilized in applications where the spacing or
clearance between the suspension assembly and the main member of the vehicle is insufficient to
allow for the rolling lobe type of air spring.

For both types of air springs described above, the air volume of the air spring is in fluid
communication with an air source, such as an air supply tank, and also is typically in fluid
communication with the height control valve of the vehicle. The height control valve, by
directing air flow into and out of the air spring of the axle/suspension system, helps maintain the

desired ride height of the vehicle.
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Prior art air springs such as the ones described above, while providing cushioning to the
vehicle cargo and occupant(s) during operation of the vehicle, provide little if any damping
characteristics to the axle/suspension system. Such damping characteristics are instead typically
provided by a pair of hydraulic shock absorbers, although a single shock absorber has also been
utilized and is generally well known in the art. Each one of the shock absorbers is mounted on
and extends between the suspension assembly of the axle/suspension system and the main
member of the wvehicle. These shock absorbers add complexity and weight to the
axle/suspension system. Moreover, because the shock absorbers are a service item of the
axle/suspension system that will require maintenance and/or replacement from time to time, they
also add additional maintenance and/or replacement costs to the axle/suspension system.

For heavy-duty vehicle trucks and trailers, the frequencies where optimal damping of the
axle/suspension system(s) is critical are from about 1.8 Hz, body bounce mode, to about 13 Hz,
wheel hop mode. At these natural frequencies, the axle/suspension system is predisposed to
move, so road inputs at these frequencies can result in a build-up of movement in the
axle/suspension system that can potentially adversely affect the performance of the
axle/suspension system. Therefore, it is critical to provide damping across all critical
frequencies in order to promote optimal performance of the heavy-duty vehicle.

The amount of cargo that a vehicle may carry is governed by local, state, and/or national
road and bridge laws. The basic principle behind most road and bridge laws is to limit the
maximum load that a vehicle may carry, as well as to limit the maximum load that can be
supported by individual axles. Because shock absorbers are relatively heavy, these components
add undesirable weight to the axle/suspension system and therefore reduce the amount of cargo
that can be carried by the heavy-duty vehicle. Depending on the shock absorbers employed, they

also add varying degrees of complexity to the axle/suspension system, which is also undesirable.
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Certain prior art air springs of the rolling lobe variety have been designed to provide
damping characteristics to the air spring. One such damping rolling lobe type air spring is shown
and described in U.S Patent No. 8,540,222, which is owned by Hendrickson USA, L.L.C.

In addition, a prior art convoluted air spring has been designed to provide damping
characteristics utilizing an external tank. That convoluted air spring is shown and described in
U.S. Patent No. 9,139,061, which is owned by the assignee of the instant application.

Although useful for its intended purpose, the damping convoluted air spring of the 061
patent requires additional tanks and conduits that can reduce the amount of space available to the
axle/suspension system. Moreover, the external conduits can become damaged by road debris
during operation of the heavy-duty vehicle, which can potentially affect the operation and
damping of the convoluted air springs and can also require repair that can potentially increase
maintenance costs of the axle/suspension system.

The damping convoluted air spring for medium-duty or heavy-duty vehicles of the
present invention overcomes the problems associated with prior art damping and non-damping
convoluted air springs by providing a damping convoluted air spring that is self-contained,
resulting in an air spring that has damping characteristics optimized across the entire critical
frequency range while using generally fewer and smaller parts than prior art damping convoluted
air springs that include external tanks and the like. The damping convoluted air spring for
medium-duty or heavy-duty vehicles includes a rigid lobe that forms an intermediate chamber
within the bellows of the air spring that is in fluid communication with the upper and lower
lobes of the air spring, to provide restricted airflow between the lobes of the air spring and the
intermediate chamber in order to provide damping characteristics to the air spring at a first
frequency range. These damping characteristics provided by restricted airflow can be tuned for a
given application, based upon the intermediate chamber volume, the volume of the upper and
lower lobes, and the size, shape, length, and/or number of openings formed between and

communicating with the lobes and the intermediate chamber of the air spring. The rigid lobe also
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includes a mass. The rigid lobe is connected or suspended between and by the pliable upper and
lower lobes of the air spring bellows. In response to the motion of an axle assembly of an
axle/suspension system mounted on the vehicle, either in a jounce or rebound event, the rigid
lobe moves generally opposite or counter to the motion of the axle assembly due to the inertia of
the rigid lobe mass. The generally opposite, counter, or out of phase motion of the rigid lobe
dissipates the motion energy of the axle assembly, thereby providing mass damping
characteristics to the convoluted air spring at a second frequency range. The mass damping
characteristics provided by the mass of the rigid chamber can be tuned for a given application,
based upon the rigid lobe mass as well as the stiffhess or pliability of the lobes to which the rigid
lobe mass is connected and the volumes of air the pliable lobes contain.

By providing a damping convoluted air spring for medium-duty or heavy-duty vehicles
that exhibits damping features, the shock absorber(s) of the axle/suspension system can be
eliminated or its size reduced, reducing complexity, saving weight and cost, and allowing the
vehicle to haul more cargo. Moreover, elimination of the external tank, valves and hardware of
the prior art damping convoluted air spring potentially eliminates costly repairs and/or
maintenance costs associated with these more complicated systems, as well as reducing weight.
In addition, the damping convoluted air spring for vehicles of the present invention can provide
damping in certain applications that, in the past, had not utilized shock absorbers, and instead
allowed the axle/suspension system to operate without damping, thereby increasing the life of
the axle/suspension system and its component parts by reducing excessive wheel bounce during
operation of the vehicle. Further, the damping convoluted air spring of the present invention
provides damping characteristics optimized across all critical frequency ranges: at a first
frequency range, damping is promoted by the restricted airflow between the rigid chamber and
the lobes; and at a second frequency range, mass damping is promoted by the rigid lobe mass

motion which is generally opposite or counter to the motion of the axle/suspension system.
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SUMMARY OF THE INVENTION

Objectives of the present invention include providing a damping convoluted air spring
for vehicles that exhibits damping characteristics optimized across all critical frequency ranges.

A further objective of the present invention is to provide a damping convoluted air spring
for vehicles that allows for the elimination or reduction in size of the shock absorber(s) of the
axle/suspension system, thus reducing complexity, saving weight and cost, and allowing the
vehicle to haul more cargo.

Yet another objective of the present invention is to provide a damping convoluted air
spring for vehicles that operates without external tanks, valves, or hardware thereby eliminating
possible costly repairs and maintenance and reducing weight.

Still another objective of the present invention is to provide a damping convoluted air
spring for vehicles that can provide damping in applications that had not previbusly utilized
shock absorbers, thereby extending the life of the axle/suspension system and component parts.

These objectives and advantages are obtained by the damping convoluted air spring for
use in vehicle axle/suspension systems which includes a top plate, a bottom plate, and a bellows.
The bellows includes a first lobe, a second lobe, and a third lobe operatively connected to one
another. The first lobe being in fluid communication with the second lobe. The second lobe
being in fluid communication with the third lobe. The first lobe operatively mounted on the top
plate. The third lobe operatively mounted on the bottom plate, wherein the second lobe includes
a fixed volume under pressure to provide damping to the air spring during operation of the

vehicle.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Exemplary embodiments of the present invention, illustrative of the best mode in which
applicants have contemplated applying the principles, are set forth in the following description
and are shown in the drawings, and are particularly and are distinctly pointed out and set forth in
the appended claims.

FIG. 1 is a driver side top perspective view of an auxiliary liftable and steerable
axle/suspension system for a heavy-duty vehicle utilizing a prior art non-damping convoluted air
spring;

FIG. 2 is a side elevational view in section of the prior art non-damping convoluted air
spring shown in FIG. 1, showing the bumper extending upwardly from the bottom plate of the
convoluted air spring;

FIG. 3 is a top perspective view of a first exemplary embodiment damping convoluted air
spring of the present invention, showing the upper and lower lobes of the air spring separated by
a rigid intermediate chamber;

FIG. 4 is a top perspective cross-sectional view of the first exemplary embodiment
damping convoluted air spring of the present invention shown in FIG. 3, showing the
intermediate chamber disposed between and in fluid communication with the upper and lower
lobes of the air spring via a pair of spaced apart openings;

FIG. 5 is an elevational cross-sectional view of the first exemplary embodiment damping
convoluted air spring of the present invention shown in FIG. 3;

FIG. 6 is an alternate top perspective cross-sectional view of the first exemplary
embodiment damping convoluted air spring of the present invention shown in FIG. 3;

FIG. 7 is a top perspective view of a second exemplary embodiment damping convoluted
air spring of the present invention, showing the upper and lower lobes of the air spring separated

by a rigid intermediate chamber;

-10-
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FIG. 8 is a top perspective cross-sectional view of the second exemplary embodiment
damping convoluted air spring of the present invention shown in FIG. 7, showing the
intermediate chamber disposed between and in fluid communication with the upper and lower
lobes of the air spring via a pair of spaced apart openings;

FIG. 9 is an elevational cross-sectional view of the second exemplary embodiment
damping convoluted air spring of the present invention shown in FIG. 7;

FIG. 10 is an alternate top perspective cross-sectional view of the second exemplary
embodiment damping convoluted air spring of the present invention shown in FIG. 7,

FIG. 11 is a graph showing the damping levels of the first and second exemplary
embodiment damping convoluted air springs of the present invention;

FIG. 12 is a graph showing the natural frequency of the first and second exemplary
embodiment damping convoluted air springs of the present invention;

FIG. 13 is a schematic representation of the first and second exemplary embodiment
damping convoluted air springs of the present invention, showing the rigid lobe mass connected
and suspended between the lobes of the convoluted air spring and showing the unsprung mass
located generally below the air spring and the sprung mass located generally above the air
spring; and

FIG. 14 is a graph showing the vehicle body acceleration versus the resonant frequency
of the axle suspension system for air springs with and without mass damping.

Similar numerals refer to similar parts throughout the drawings.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In order to understand the environment in which the exemplary embodiment damping

convoluted air spring of the present invention is utilized, an auxiliary liftable and steerable truck

-11-
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axle/suspension system is generally shown at reference numeral 10 in FIG. I, and will be
described in detail below.

Axle/suspension system 10 is a self-steering auxiliary lift-axle type suspension system
having a generally paralielogram, trailing beam geometry. Axle/suspension system 10 typically
is a relatively lightweight suspension, designed to permit compliance with any applicable bridge
weight and stress regulations, such as the Federal Bridge Formula associated with the relevant
laws and regulations applicable within the United States of America.

With respect to axle/suspension system 10, the majority of the components positioned on
the driver side of the vehicle will have correspondingly similar components positioned on the
curbside of the vehicle. Accordingly, in this description, when reference is made to a particular
suspension component, it will be understood that a similar component is present on the opposite
side of the vehicle, unless otherwise apparent.

With continued reference to FIG. 1, axle/suspension system 10 includes an axle assembly
30 which is connected to a pair of hangers 20 by upper and lower trailing arms or beams 12, 14,
respectively. More specifically, each of the upper and lower trailing beams 12,14 is pivotally
connected to axle assembly 30 and to a respective one of hangers 20, thereby forming a
parallelogram, or modified parallelogram type of axle/suspension system. Thus, two hangers 20
and two each of the upper and lower trailing beams 12,14 are provided in axle/suspension
system 10, one of each on each lateral side of the axle/suspension system.

Axle assembly 30 includes a spindle (not shown) pivotally mounted at each end of the
axle assembly by a steering assembly 40. Thus, axle/suspension system 10 is also a steerable
type of axle/suspension system.

Axle/suspension system 10 also includes a lift actuator 11 that is connected between
lower trailing beam 14 and axle assembly 30 such that when the lift actuator is activated, the
axle assembly is raised relative to the main member (not shown) to raise a pair of wheel

assemblies 23 and the wheels (not shown) mounted on them away from the road surface.

-12-
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A convoluted air spring 24 is mounted on an upper platform (not shown) that is in turn
mounted on axle assembly 30. Convoluted air spring 24 suspends the vehicle main member (not
shown above axle assembly 30. Air is exhausted from convoluted air spring 24 when lift
actuator 11 is activated, thereby permitting axle assembly 30 to be lifted toward the main
members of the vehicle and thereby raising the wheels (not shown) of the vehicle out of
engagement with the ground surface.

Convoluted air spring 24 is a convoluted type of air spring that is generally well known
in the art, is shown in FIG. 2 in section, and will now be described in detail below. Convoluted
air spring 24 does not provide damping to axle/suspension system 10 while in operation. As
such, prior art convoluted air spring 24 is typically referred to as a non-damping convoluted air
spring.

Turning now to FIG. 2, prior art non-damping convoluted air spring 24 includes a top
plate 70 formed from steel or other sufficiently robust material, and is operatively attached to a
top end 71 of a flexible bellows 72, which is formed from rubber or other generally elastic
and/or pliable material. Flexible bellows 72 includes an upper lobe 73, a middle lobe 74, and a
lower lobe 75. An upper girdle hoop 76 is disposed between upper lobe 73 and middle lobe 74.
A lower girdle hoop 77 is disposed between middle lobe 74 and lower lobe 75. A bottom piate
78, formed from steel or other sufficiently robust material, is operatively attached to a bottom
end 79 of flexible bellows 72. A pair of fastening means 80 engage a pair of fasteners (not
shown) to attach bottom plate 78 to an upper platform (not shown), which is in turn mounted on
axle assembly 30 (FIG. 1). A bumper 81 formed from rubber or other pliable material is
disposed on the top surface of bottom plate 78 within flexible bellows 72 and is mounted on the
bottom plate by a fastener 82. Top plate 70 includes a pair of fasteners 83 disposed through the
top plate that are utilized to attach the top plate to an air spring frame bracket 84 (FIG. 1). Air
spring frame bracket 84 is in turn attached to a respective one of the main members of the

vehicle frame (not shown). Bumper 81 extends upwardly from bottom plate 78 to prevent top
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plate 70 and bottom plate 78 from contacting one another during operation of the vehicle, and to
prevent the top plate and the bottom plate from damaging one another during operation of the
vehicle and during “low pressure” or “no air” events.

Prior art non-damping convoluted air springs 24, such as the one described above, while
providing cushioning to the vehicle cargo and occupant(s) during operation of the vehicle,
provide little if any damping characteristics to the axle/suspension system. Such damping
characteristics are instead typically provided by a pair of hydraulic shock absorbers (not shown),
although a single shock absorber has also been utilized and is generally well known in the art.
Each one of the shock absorbers (not shown) is mounted on and extends between the
axle/suspension system and a respective one of the main members of the vehicle. These shock
absorbers (not shown) add complexity and weight to the axle/suspension system. Moreover,
because the shock absorbers (not shown) are a service item of the axle/suspension system that
will require maintenance and/or replacement from time to time, they also add additional
maintenance and/or replacement costs to the axle/suspension system.

In addition, in some applications, prior art non-damping convoluted air springs 24 are
utilized without shock absorbers, as shown in FIG. 1 above, and the axle/suspension system is
allowed to operate without damping, which can potentially reduce the life of axle/suspension
system 10 and its component parts due to excessive wheel bounce during operation of the heavy-
duty vehicle.

The exemplary embodiments of the damping convoluted air spring of the present
invention overcome the problems associated with prior art non-damping convoluted air springs
set forth above, and will now be described in detail below.

Turning now to FIGS. 3-6, a first exemplary embodiment damping convoluted air spring
of the present invention is shown generally at reference numeral 224 and will be described in
detail below. Like prior art non-damping convoluted air spring 24, exemplary embodiment

damping convoluted air spring 224 can be utilized on axle/suspension system 10 as described

-14-



10

15

20

25

CA 03051455 2019-07-24

WO 2018/165364 PCT/US2018/021448

above, but can also be utilized on other types of air-ride axle/suspension systems for heavy-duty
vehicles, including those used on trucks, trailers and the like, without changing the overall
concept or operation of the present invention.

First exemplary embodiment damping convoluted air spring 224 includes a top plate 270
formed from steel or other sufficiently rigid material that is operatively attached to a top end 271
of a bellows 272 in a well-known manner. Bellows 272 includes an upper lobe 273, a rigid
middle lobe 274, and a lower lobe 275. Upper lobe 273 and lower lobe 275 are formed generally
from rubber or other elastic and/or pliable material. Rigid middle lobe 274 is formed from steel
or other sufficiently robust material, so that the interior volume of the chamber does not change
during dynamic spring movements. An upper girdle hoop 276 is disposed between upper lobe
273 and rigid middle lobe 274. A lower girdle hoop 277 is disposed between rigid middle lobe
274 and lower lobe 275. An air spring bottom plate 278, formed from steel or other sufficiently
robust material, is operatively attached to a bottom end 279 of lower lobe 275 of bellows 272 in
a well-known manner. A pair of fastening means (not shown) engage a pair of fasteners (not
shown) to attach air spring bottom plate 278 to a platform (not shown) that is in turn mounted on
the axle assembly. It should be understood that first exemplary embodiment damping convoluted
air spring 224 of the present invention could include more than three lobes, such as four or more
lobes, wherein one or more of the lobes is rigid while the other lobes are flexible and/or ¢lastic,
without changing the overall concept or operation of the present invention.

Rigid middle lobe 274 includes a top plate 290 and a bottom plate 291. Top plate 290
and bottom plate 291 are generally circular in shape and are spaced from one another. An outer
vertically extending generally circular wall 292 is formed around the outer diameter of top plate
290 and bottom plate 291 and rigidly connects the top plate to the bottom plate. Top plate 290 is
formed with an upwardly extending bumper 293 disposed at its center. Bottom plate 291 is
formed with a downwardly extending bumper 294 disposed at its center. A pair of outer and

inner generally circular vertically extending support columns 295,296, respectively, are arranged
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concentrically to each other, extend between top plate 290 and bottom plate 291, and connect the
central portion of the top plate to the central portion of the bottom plate. Outer and inner support
columns 295,296 are formed with a plurality of openings 297, 298, respectively, in order to
promote the free flow of air within rigid middle lobe 274. Outer and inner support columns
295,296 provide bumper support to rigid middle lobe 274, and also serve to prevent air spring
bottom plate 278 from contacting air spring top plate 270 during operation of the vehicle and
during “low pressure” or “no air” events. Top plate 290, bottom plate 291 and outer wall 292 of
rigid middle lobe 274 form an intermediate chamber 254 having a volume V1.

Air spring top plate 270, upper lobe 273 and rigid middle lobe top plate 290 form an
uppet air spring chamber 255 having a volume V2.

Air spring bottom plate 278, lower lobe 275 and rigid middle lobe bottom plate 291 form
a lower air spring chamber 256 having a volume V3.

In accordance with an important feature of the present invention, an opening 253 is
formed in top plate 290 of rigid middle lobe 274. Top plate opening 253 provides fluid
communication between intermediate chamber 254 and upper air spring chamber 255. An
opening 257 is formed in bottom plate 291 of rigid middle lobe 274. Bottom plate opening 257
provides fluid communication between intermediate chamber 254 and lower air spring chamber
256.

As best shown in FIG. 6, top plate opening 253 is generally circular and includes a
chamfered top portion 253A and a downwardly extending tube-like portion 253B. Likewise,
bottom plate opening 257 is generally circular and includes a chamfered bottom portion 257A
and an upwardly extending tube-like portion 257B (FIG. 5). It should be understood that
openings 253,257 could have different shapes, sizes, and interior contours, without changing the
overall concept or operation of the present invention.

In accordance with another important feature of the present invention, rigid middle lobe

274 includes a mass m2 that is a total sum of the masses of its components including top plate
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290, bottom plate 291, circular wall 292, and structures formed in the components of the rigid
middle lobe, such as bumpers 293, 294 and support columns 295, 296. Preferably, rigid middle
lobe 274 has mass m2 of from about 1 Ib. to about 10 lbs. More preferably, rigid middle lobe
274 has mass m2 of about 3 Ibs. when an unsprung mass m1 of the axle/suspension system is
about 1,000 Ibs. and a sprung mass m3 of the vehicle is about 9,000 Ibs. It should be understood
that mass m2 of rigid middle lobe 274 could be varied depending upon the weight of the
unsprung mass ml below it and the weight of the sprung vehicle mass m3 above it, in order to
provide mass damping across a selected frequency range. The frequency range of the mass
damping may also be related to the pliability or elasticity of upper and lower lobes 273, 275
d2/k2 and d1/kl1 (FIG. 13), where d1 and d2 are the spring distances separating mass m1 from
m2 and m2 from m3, respectively, and k1 and k2 are the associated spring constants, and the
volumes of air they contain.

Having now described the structure of first exemplary embodiment damping convoluted
air spring 224 of the present invention, the operation of the air spring will be described in detail
below.

When axle assembly 30 of axle/suspension system 10 experiences a jounce event, such as
when the vehicle wheels encounter a curb or a raised bump in the road, the axle assembly moves
vertically upwardly toward the vehicle chassis. In such a jounce event, upper air spring chamber
255 and lower air spring chamber 256 are compressed by axle/suspension system 10 as the
wheels of the vehicle travel over the curb or the raised bump in the road. The compression of
upper air spring chamber 255 and lower air spring chamber 256 causes the internal pressure of
the upper and lower air spring chambers to increase. As a result, a pressure differential is
created between upper and lower air spring chambers 255,256 and intermediate chamber 254.
This pressure differential causes air to flow from upper and lower air spring chambers 255,256,
through top plate opening 253 and bottom plate opening 257, respectively, into intermediate

chamber 254, and vice versa. The flow of air back and forth through top plate opening 253 and
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bottom plate opening 257 causes damping to occur at a first frequency range where optimal
damping of axle/suspension system 10 is critical. The first frequency range is typically at about
1.8 Hz, and is known as the body bounce mode. Air will continue to flow back and forth from
intermediate chamber 254 to the upper and lower air spring chambers 255,256, and vice versa,
until equilibrium is reached and the pressures in the upper air spring chamber, the intermediate
chamber and the lower air spring chamber have equalized.

Conversely, when axle assembly 30 of axle/suspension system 10 experiences a rebound
event, such as when the vehicle wheels encounter a large hole or depression in the road, the axle
assembly moves vertically downwardly away from the vehicle chassis. In such a rebound event,
upper air spring chamber 255 and lower air spring chamber 256 are extended by axle/suspension
system 10 as the wheels of the vehicle travel into the hole or depression in the road. The
extension of upper air spring chamber 255 and lower air spring chamber 256 causes the internal
pressure of the upper and lower air spring chambers to decrease. As a result, a pressure
differential is created between upper and lower air spring chambers 255,256 and intermediate
chamber 254, This pressure differential causes air to flow from intermediate chamber 254
through top plate opening 253 and bottom plate opening 257 into upper and lower air spring
chambers 255,256, respectively, and vice versa. The flow of air back and forth through top plate
opening 253 and bottom plate opening 257 causes damping to occur at the first frequency range
where optimal damping of axle/suspension system 10 is critical. The first frequency range is
typically at about 1.8 Hz, the body bounce mode. Air will continue to flow back and forth from
intermediate chamber 254 to the upper and lower air spring chambers 255,256, and vice versa,
until equilibrium is reached and the pressures in the upper air spring chamber, the intermediate
chamber and the lower air spring chamber have equalized.

With continued reference to FIGS. 3-6, rigid middle lobe 274 is connected or suspended
between and by pliable or elastic upper and lower lobes 273, 275. The pliability or elasticity of

lobes 273, 275 enables rigid middle lobe 274 to move relatively freely or float between air
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spring top plate 270 and bottom plate 278. The relative free movement or floating movement of
rigid middle lobe 274, combined with mass m2 of the rigid middle lobe, promotes mass damping
of damping convoluted air spring 224. More particularly, in a jounce event as described above,
axle assembly 30 moves vertically upwardly toward the vehicle chassis. Conversely, in a
rebound event as described above, axle assembly 30 moves vertically downwardly away from
the vehicle chassis. Because rigid middle lobe 274 has a mass, the rigid middle lobe 274 tends to
stay at its original position due to the inertia of the mass of the rigid middle lobe either in a
Jjounce event or in a rebound event. The tendency of staying at its original position cooperating
with the pliability or elasticity of lobes 273, 275 makes rigid middle lobe 274 move generally
opposite or counter to the motion of axle assembly 30. This counter motion of rigid middle lobe
274 dissipates the motion energy of axle assembly 30, thereby promoting a mass damping of
damping convoluted air spring 224 at a second frequency range. The second frequency range
where optimal damping of the axle/suspension system 10 is critical is typically at about 13 Hz,
and is known as the wheel hop mode.

Turning now to FIGS. 7-10, a second exemplary embodiment damping convoluted air
spring is shown generally at reference numeral 324 and will be described in detail below. Like
prior art non-damping convoluted air spring 24, second exemplary embodiment damping
convoluted air spring 324 can be utilized on axle/suspension system 10 as described above, but
can also be utilized on other types of air-ride axle/suspension systems for vehicles, including
those used on trucks, trailers and the like, without changing the overall concept or operation of
the present invention.

Second exemplary embodiment damping convoluted air spring 324 includes an air spring
top plate 370 formed from steel or other sufficiently rigid material that is operatively attached to
a top end 371 of a bellows 372 in a well-known manner. Bellows 372 includes an upper lobe
373, a rigid middle lobe 374, and a lower lobe 375. Upper lobe 373 and lower lobe 375 are

formed generally from rubber or other elastic and/or pliable material. Rigid middle lobe 374 is
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formed from steel or other sufficiently robust material, so that the interior volume of the
chamber does not change during dynamic spring movements. An upper girdle hoop 376 is
disposed between upper lobe 373 and rigid middle lobe 374. A lower girdle hoop 377 is
disposed between rigid middle lobe 374 and lower lobe 375. An air spring bottom plate 378,
formed from steel or other sufficiently robust material, is operatively attached to a bottom end
379 of lower lobe 375 of bellows 372 in a well-known manner. A pair of fastening means (not
shown) engage a pair of fasteners (not shown) to attach air spring bottom plate 378 to a platform
(not shown) that is in turn mounted on the axle assembly. It should be understood that second
exemplary embodiment damping convoluted air spring 324 of the present invention could
include more than three lobes, such as four or more lobes, wherein at least one of the plurality of
lobes is rigid while the other lobes are flexible and/or elastic, without changing the overall
concept or operation of the present invention.

Rigid middle lobe 374 includes a top plate 390 and a bottom plate 391. Top plate 390
and bottom plate 391 are generally circular in shape and are spaced from one another. An outer
vertically extending generally circular wall 392 is formed around the outer diameter of the top
plate and bottom plate and rigidly connects the top plate to the bottom plate. Top plate 390 is
formed with an upwardly extending bumper 393 disposed at its center. Bottom plate 391 is
formed with a downwardly extending bumper 394 disposed at its center. A pair of outer and
inner generally circular vertically extending support columns 395,396, respectively, are arranged
concentrically to each otﬁer, extend between top plate 390 and bottom plate 391, and connect the
central portion of the top plate to the central portion of the bottom plate. Outer and inner support
columns 395,396 are formed with a plurality of openings 397, 398, respectively in order to
promote the free flow of air within rigid middle lobe 374. Outer and inner support columns
393,396 provide bumper support to rigid middle lobe 374, and also serve to prevent air spring

bottom plate 378 from contacting air spring top plate 370 during operation of the vehicle and
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during “low pressure” or “no air” events. Top plate 390, bottom plate 391 and outer wall 392 of
rigid middle lobe 374 form an intermediate chamber 354 having a volume V1. |

Air spring top plate 370, upper lobe 373 and rigid middle lobe top plate 390 form an
upper air spring chamber 355 having a volume V2.

Air spring bottom plate 378, lower lobe 375 and rigid middle lobe bottom plate 391 form
a lower air spring chamber 356 having a volume V3.

In accordance with an important feature of the present invention, an opening 353 is
formed in top plate 390 of rigid middle lobe 374. Opening 353 provides fluid communication
between intermediate chamber 354 and upper air spring chamber 355. An opening 357 is
formed in bottom plate 391 of rigid middle lobe 374. Opening 357 provides fluid
communication between intermediate chamber 354 and lower air spring chamber 356.

As best shown in FIG. 10, top plate opening 353 is generally circular and includes a
conically shaped top portion 353A and a downwardly extending tube-like portion 353B.
Likewise, bottom plate opening 357 is generally circular and includes a conically shaped bottom
portion 357A and an upwardly extending tube-like portion 357B (FIG. 9). It should be
understood that openings 353,357 could have different shapes, sizes, and interior contours,
without changing the overall concept or operation of the present invention.

In accordance with another important feature of the present invention, rigid middle lobe
374 includes a mass m2 that is a total sum of the masses of its components including top plate
390, bottom plate 391, circular wall 392, and structures formed in the components of the rigid
middle lobe, such as bumpers 393, 394 and support columns 395, 396. Preferably, rigid middle
lobe 374 has mass m2 of from about 1 Ib. to about 10 lbs. More preferably, rigid middle lobe
374 has mass m2 of about 3 Ibs. when an unsprung mass m1 of the axle/suspension system is
about 1,000 lbs. and a sprung mass m3 of the vehicle is about 9,000 Ibs. It should be understood
that mass m2 of rigid middle lobe 374 could be altered depending upon the weight of the

unsprung mass m1l below it and the weight of the sprung vehicle mass m3 above it, in order to
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provide mass damping across a selected frequency range. The frequency range of the mass
damping may also be related to the pliability or elasticity of upper and lower lobes 373, 375
d2/k2 and dl/kl (FIG. 13), where d1 and d2 are the spring distances separating mass m1 from
m2 and m2 from m3, respectively, and k1 and k2 are the associated spring constants, and the
volumes of air they contain.

Having now described the structure of second exemplary embodiment damping
convoluted air spring 324 of the present invention, the operation of the air spring will be
described in detail below.

When axle assembly 30 of axle/suspension system 10 experiences a Jjounce event, such as
when the vehicle wheels encounter a curb or a raised bump in the road, the axle assembly moves
vertically upwardly toward the vehicle chassis. In such a jounce event, upper air spring chamber
355 and lower air spring chamber 356 are compressed by axle/suspension system 10 as the
wheels of the vehicle travel over the curb or the raised bump in the road. The compression of
upper air spring chamber 355 and lower air spring chamber 356 causes the internal pressure of
the upper and lower air spring chambers to increase. As a result, a pressure differential is
created between upper and lower air spring chambers 355,356 and intermediate chamber 354.
This pressure differential causes air to flow from upper and lower air spring chambers 355,356,
through top plate opening 353 and bottom plate opening 357, respectively, into intermediate
chamber 354, and vice versa. The flow of air back and forth through top plate opening 353 and
bottom plate opening 357 causes damping to occur at a first frequency range where optimal
damping of axle/suspension system 10 is critical. The first frequency range is typically about 1.8
Hz, and is known as body bounce mode. Air will continue to flow back and forth from
intermediate chamber 354 to the upper and lower air spring chambers 355,356, and vice versa,
until equilibrium is reached and the pressures in the upper air spring chamber, the intermediate

chamber and the lower air spring chamber have equalized.
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Conversely, when axle assembly 30 of axle/suspension system 10 experiences a rebound
event, such as when the vehicle wheels encounter a large hole or depression in the road, the axle
assembly moves vertically downwardly away from the vehicle chassis. In such a rebound event,
upper air spring chamber 355 and lower air spring chamber 356 are extended by axle/suspension
system 10 as the wheels of the vehicle travel into the hole or depression in the road. The
extension of upper air spring chamber 355 and lower air spring chamber 356 causes the internal
pressure of the upper and lower air spring chambers to decrease. As a result, a pressure
differential is created between upper and lower air spring chambers 355,356 and intermediate
chamber 354. This pressure differential causes air to flow from intermediate chamber 354
through top plate opening 353 and bottom plate opening 357 into upper and lower air spring
chambers 355,356, respectively, and vice versa. The flow of air back and forth through top plate
opening 353 and bottom plate opening 357 causes damping to occur at a first frequency range
where optimal damping of axle/suspension system 10 is critical. The first frequency range is
typically about 1.8 Hz, the body bounce mode. Air will continue to flow back and forth from
intermediate chamber 354 to the upper and lower air spring chambers 355,356, and vice versa,
until equilibrium is reached and the pressures in the upper air spring chamber, the intermediate
chamber and the lower air spring chamber have equalized.

With continued reference to FIGS. 7-10, rigid middle lobe 374 is connected or suspended
between and by pliable or elastic upper and lower lobes 373, 375. The pliability or elasticity of
lobes 373, 375 enables rigid middle lobe 374 to move relatively freely or float between air
spring top plate 370 and bottom plate 378. The relative free movement or floating movement of
rigid middle lobe 374, combined with mass m?2 of the rigid middle lobe, promotes mass damping
of damping convoluted air spring 324. More particularly, in a jounce event as described above,
axle assembly 30 moves vertically upwardly toward the vehicle chassis. Conversely, in a
rebound event as described above, axle assembly 30 moves vertically downwardly away from

the vehicle chassis. Because rigid middle lobe 374 has a mass, the rigid middle lobe 374 tends to
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stay at its original position due to the inertia in either a jounce event or a rebound event. The
tendency of staying at its original position cooperating with the pliability or elasticity of lobes
373, 375 makes rigid middle lobe 374 move generally opposite or counter to the motion of axle
assembly 30. This counter motion of rigid middle lobe 374 dissipates the motion energy of axle
assembly 30, thereby promoting a mass damping of damping convoluted air spring 324 at a
second frequency range. The second frequency range where optimal damping of the
axle/suspension system 10 is critical is typically about 13 Hz, and is known as the wheel hop
mode.

Turning now to FIG. 11, the relative level of damping provided by damping convoluted
air springs 224,324 is shown with respect to a given range of intermediate chamber 254,354
volumes V1 over a given range of opening diameter sizes for openings 253,257 and 353,357.

Turning now to FIG. 12, the natural frequency of the damping provided by damping
convoluted air spring 224,324 of the present invention is shown with respect to a given range of
intermediate chamber 254,354 volumes V1 over a given range of opening diameter sizes for
openings 253,257 and 353,357,

Turning now to FIG. 14, the amplitude of vehicle body acceleration for air springs
without mass damping (Baseline Convolute) and air springs with mass damping (Convolute with
Mass Damping) such as air springs 224,324 is shown with respect to the given range of
frequencies of vibration the vehicle axle/suspension system experiences during operation.

Damping convoluted air springs 224,324 for vehicles of the present invention, overcome
the problems associated with prior art convoluted air springs by providing a damping convoluted
air spring that is self-contained, resulting in damping characteristics at two different frequency
ranges for the air spring, while using generally smaller and fewer parts than prior art damping
convoluted air springs that utilize external tanks and the like. Damping convoluted air springs
224,324 for vehicles include an intermediate chamber 254,354, respectively, contained within

the air spring that is in fluid communication with upper air spring chamber 255,355,
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respectively, and lower air spring chamber 256,356, respectively, to provide restricted airflow
between the various lobes of the air spring and the rigid chamber in order to provide damping
characteristics to the air spring. These damping characteristics can be tuned for a given
application, based upon intermediate chamber 254,354 volume V1, upper and lower air spring
chamber 255,256,355,356 volumes V2 and V3, respectively, and the size, shape, length, and/or
number of openings 253,257,353,357 formed between and communicating with the upper and
lower lobes and the intermediate chamber of the air spring. By providing an air spring for
vehicles having damping characteristics, the shock absorber of the axle/suspension system can
be eliminated or its size reduced, reducing complexity, saving weight and cost, and allowing the
vehicle to haul more cargo. Moreover, elimination of the external tank, valves and hardware of
the prior art damping convoluted air spring potentially climinates costly repairs and/or
maintenance costs associated with these more complicated systems, as well as reducing weight.
In addition, damping convoluted air spring 224,324 for vehicles of the present invention can
provide damping to certain vehicle applications that, in the past, had not utilized shock absorbers
and instead allowed the suspension to operate without damping. The introduction of damping to
these vehicle applications increases the life of the axle/suspension system and its component
parts. Further, the damping convoluted air spring 224,324 of the present invention provides
damping characteristics optimized at two different frequency ranges: at a first frequency range,
damping is promoted by the restricted airflow between the rigid chamber and the lobes; and at a
second frequency, mass damping is promoted by the rigid lobe mass motion generally opposite
or counter to the motion of the axle/suspension system.

It is contemplated that exemplary embodiment damping convoluted air springs 224,324
of the present invention could be utilized on tractor-trailers, medium-duty vehicles, including
trucks, and heavy-duty vehicles, such as buses, trucks, trailers and the like, having one or more
than one axle without changing the overall concept or operation of the present invention. It is

further contemplated that exemplary embodiment damping convoluted air springs 224,324 of the
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present invention could be utilized on vehicles having frames or subframes which are movable
or non-movable without changing the overall concept or operation of the present invention. It is
yet even further contemplated that exemplary embodiment damping convoluted air springs
224,324 of the present invention could be utilized on all types of air-ride axle/suspension
systems known to those skilled in the art without changing the overall concept or operation of
the present invention, including lift and non-lift type axle/suspension systems. It is also
contemplated that exemplary embodiment damping convoluted air springs 224,324 of the
present invention could be utilized on axle/suspension systems having an overslung/top-mount
configuration or an underslung/bottom-mount configuration, without changing the overall
concept or operation of the present invention. It is also contemplated that exemplary
embodiment damping convoluted air springs 224,324 of the present invention could be utilized
in conjunction with other types of air-ride rigid beam-type axle/suspension systems such as those
using U-bolts, U-bolt brackets/axle seats and the like, without changing the overall concept or
operation of the present invention. It is further contemplated that exemplary embodiment
damping convoluted air springs 224,324 of the present invention could be formed from various
materials, without changing the overall concept or operation of the present invention. It is even
contemplated that exemplary embodiment damping convoluted air springs 224,324 could be
utilized in combination with prior art shock absorbers and other similar devices and the like,
without changing the overall concept or operation of the present invention.

It is further contemplated that more than one opening 253,257,353,357 in each air spring
top and bottom plate 270,370,278,378, respectively, could be utilized, without changing the
overall concept or operation of the present invention. It is contemplated that the concepts shown
in exemplary embodiment damping convoluted air springs 224,324 of the present invention
could be utilized in any type of air spring utilized in conjunction with vehicles, without changing

the overall concept or operation of the present invention.
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It is also contemplated that intermediate chamber 254,354 could be located within any
lobe of the convoluted air spring, without changing the overall concept or operation of the
present invention. It is even further contemplated that the present invention could be used on
any type of convoluted air spring, having three or more lobes, without changing the overall
concept or operation of the present invention.

The present invention has been described with reference to specific embodiments. It is
understood that this description and illustration is by way of example and not by way of
limitation. Potential modifications and alterations will occur to others upon a reading and
understanding of this disclosure, and it is understood that the invention includes all such
modifications and alterations and equivalents thereof.

Accordingly, the damping convoluted air spring is simplified, provides an effective, safe,
inexpensive and efficient structure and method which achieves all the enumerated objectives,
provides for eliminating difﬁculties encountered with prior convoluted air springs, and solves
problems and obtains new results in the art.

In the foregoing description, certain terms have been used for brevity, clearness and
understanding; but no unnecessary limitations are to be implied therefrom beyond the
requirements of the prior art, because such terms are used for descriptive purposes and are
intended to be broadly construed.

Moreover, the description and illustration of the invention is by way of example, and the
scope of the invention is not limited to the exact details shown or described.

Having now described the features, discoveries and principles of the invention, the
manner in which the damping convoluted air spring is used and installed, the characteristics of
the construction, arrangement and method steps, and the advantageous, new and useful results
obtained; the new and useful structures, devices, elements, arrangements, process, parts and

combinations are set forth in the appended claims.
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WHAT IS CLAIMED IS:

1. A damping convoluted air spring for use in vechicle axle/suspension systems
comprising;

a top plate, a bottom plate, and a bellows, said bellows including a flexible first lobe, a
second lobe, and a flexible third lobe operatively connected to one another, said first lobe
operatively mounted on said top plate, said third lobe operatively mounted on said bottom plate,
said air spring having at least a first restricted fluid communication between said first and
second lobes and at least a second restricted communication between said second and third
lobes, and said second lobe including a fixed volume under pressure to provide damping to the

air spring during operation of said vehicle.

2. The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 1, wherein said second lobe is rigid.

3. The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 2, wherein said second lobe is disposed between the first and the third lobes.

4. The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 1, wherein said second lobe further comprises an upper dividing plate spaced a

distance from a lower dividing plate and one or more circular support walls disposed between

and connected to the upper dividing plate and the lower dividing plate.

-28-

Date Regue/Date Received 2020-11-07



5. The damping convoluted air spring for use in vehicle axle/suspension systems
of claim 4, wherein said second lobe further comprises at least one center support column

connected between the upper dividing plate and the lower dividing plate.

6. The damping convoluted air spring for use in vehicle axle/suspension systems
of claim 5, wherein the at least one center support column includes one or more support column

openings to promote free air flow within the fixed volume.

7. The damping convoluted air spring for use in vehicle axle/suspension systems
of claim 4, further comprising a bumper extending from at least one of the upper dividing plate

and the lower dividing plate and into an adjacent lobe.

8. The damping convoluted air spring for use in vehicle axle/suspension systems
of claim 1, wherein said at least one first restricted fluid commumication and said at least one
second restricted fluid communication each further comprise an opening with a chamfered

portion and a tube portion.

9. The damping convoluted air spring for use in vehicle axle/suspension systems
of claim 1, wherein said at least one first restricted fluid commumication and said at least one
second restricted fluid communication each further comprise an opening with a conical portion

and a tube portion.

10.  The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 1, wherein the flow of air through the at Ieast one first restricted fluid communication

-20.
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and the at least one second restricted fluid communication provides damping at a first frequency

range.

11.  The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 1, wherein said second lobe has a mass that is between 1Ib and 10Ibs.

12.  The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 1, wherein said second lobe has a mass of about 31bs.

13. The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 11, wherein said second lobe provides mass damping at a second frequency range.

14.  The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 1, wherein the bellows further comprises an upper girdle hoop being disposed

externally about the bellows between the first lobe and the second lobe.

15. The damping convoluted air spring for use in vehicle axle/suspension systems

of claim 14, wherein the bellows further comprises a lower girdle hoop being disposed

externally about the bellows between the second lobe and the third lobe.
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