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MODULAR SUSPENSION SYSTEM AND COMPONENTS THEREOF

BACKGROUND

The present invention generally relates to vehicle suspensions. More particularly, the
present invention relates to elastomeric spring vehicle suspensions, such as for use in
vocational or heavy haul truck applications.

Single spring rate suspensions and variable spring rate suspensions for use in
vocational or heavy haul truck applications are known.

Single spring rate suspensions have a fixed spring rate that generally must be set at a
level that produces a suspension with either a comfortable ride or a stiff suspension exhibiting
adequate roll stability. As a result, either roll stability or ride quality is compromised in single
spring rate suspensions, depending upon the selected spring rate.

Variable rate suspensions overcome this deficiency of single rate suspensions by
providing for multiple spring rates during operation. As the sprung load is increased, the
spring rate is correspondingly increased.

An example of a variable spring rate eclastomeric spring suspension for use in
vocational or heavy haul truck applications is shown in U.S. Patent No. 6,585,286, the
disclosure of which is hereby incorporated herein by reference. That suspension utilizes
bolster springs and auxiliary springs to achieve its variable spring rate.

The spring rate for such a suspension can change due to the engagement or
disengagement of the auxiliary spring as a function of load. The ride quality of a lightly
loaded chassis having such a suspension is quite good without sacrificing roll stability at rated
chassis load. When a lightly to moderately loaded chassis with such a suspension encounters
moderate to large variations in roadway or operating conditions, frequent engagement and
disengagement of the auxiliary spring may occur. For each such engagement or
disengagement of the auxiliary spring, the spring rate for the system may undergo an abrupt
change known as strike-through effect. Ride quality may be compromised as a result.
Graphically, the spring rate has a discontinuity, which may be represented as a step function, at
the load where the auxiliary spring is engaged or disengaged.

Prior elastomeric spring suspensions for vocational or heavy haul truck applications
require their elastomeric springs to undergo loading that is compressive, tensile and/or

shearing in nature. Tensile loading causes elastomeric break down.
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In view of the conditions identified above with respect to prior spring vehicle
suspensions for vocational or heavy haul truck applications, it is desired to provide a new and

improved suspension for those applications.
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BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are described herein with reference to the
drawings, wherein like parts are designated by like reference numerals, and wherein:

FIG. 1 is a side eclevational view of a vehicle suspension constructed in accordance with
principles disclosed herein;

FIG. 2 is a side elevational view of a frame hanger assembly and a saddle assembly
illustrated in FIG. 1;

FIG. 3 is an end view of the frame hanger assembly and the saddle assembly illustrated
in FIG. 2;

FIG. 4 is a side eclevational view of a frame hanger spring module illustrated in FIG. 1;

FIG. 5 is an end view of the frame hanger spring module illustrated in FIG. 4;

FIG. 6 is a side elevational view of a frame hanger illustrated in FIG. 1;

FIG. 7 is a sectional view of the frame hanger illustrated in FIG. 6, taken along lines 7-
7 thereof;

FIG. 8 is a perspective view of a shear spring in accordance with an exemplary
embodiment;

FIG. 8A is a top view of the shear spring illustrated in FIG. §;

FIG. 8B is a side elevational view of the shear spring illustrated in FIG. §;

FIG. 8C is a sectional view of the shear spring illustrated in FIG. 8A, taken along lines
8C-8C thereof;

FIG. 8D is a sectional view of the shear spring illustrated in FIG. 8A, taken along lines
8D-8&D thereof;

FIG. 9 is a perspective view of another shear spring in accordance with an exemplary
embodiment;

FIG. 10 is an elevational view of a progressive spring rate load cushion illustrated in
FIG. 1,

FIG. 11 is a perspective view of another embodiment of a progressive spring rate load
cushion;

FIG. 12 is a side elevational view of a spring mount illustrated in FIG. 1;

FIG. 13 is a sectional view of the spring mount illustrated in FIG. 12, taken along lines
13-13 thereof;

FIG. 14 is a top plan view of the spring mount illustrated in FIG. 12;

FIG. 15 is a sectional view of the spring mount illustrated in FIG. 14, taken along lines

15-15 thereof;
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FIG. 16 is a side elevational view of the saddle assembly illustrated in FIG. 1;

FIG. 17 is a side elevational view of the saddle portion of the saddle assembly
illustrated in FIG. 16;

FIG. 18 is a bottom plan view of the saddle illustrated in FIG. 17;

FIG. 19 is an end view of the saddle illustrated in FIG. 17,

FIG. 20 is a side elevational view of a fabricated equalizing beam illustrated in FIG. 1;

FIG. 21 is a top plan view of the fabricated equalizing beam illustrated in FIG. 20;

FIG. 22 is a side elevational view of another suspension constructed in accordance with
principles disclosed herein;

FIG. 23 is a side elevational view of still another suspension constructed in accordance
with principles disclosed herein;

FIGS. 24A and 24B are graphical representations pertaining to the operating
characteristics of suspensions constructed in accordance with principles disclosed herein;

FIG. 25 is a side elevational view of an alternative frame hanger assembly for use in
suspensions constructed in accordance with principles disclosed herein;

FIG. 26 is a side-clevational view of a frame hanger assembly in accordance with an
exemplary embodiment;

FIG. 27 is a top plan view of the frame hanger assembly illustrated in FIG. 26;

FIG. 28 is an end view of the frame hanger assembly illustrated in FIG. 26;

FIG. 29 is a side elevational view of a spring housing in accordance with an exemplary
embodiment;

FIG. 30 is a top plan view of the spring housing illustrated in FIG. 29;

FIG. 31 is an end view of the spring housing illustrated in FIG. 29;

FIG. 32 is a sectional view of the spring housing illustrated in FIG. 29, taken along
lines 32-32 thereof;

FIG. 33 is a sectional view of the spring housing illustrated in FIG. 31, taken along
lines 33-33;

FIG. 34 is a side elevational view of a load cushion in accordance with an exemplary
embodiment;

FIG. 35 is a top plan view of the load cushion illustrated in FIG. 34;

FIG. 36 is an end view of the load cushion illustrated in FIG. 34;

FIG. 37 is a vertical cross section view of the load cushion illustrated in FIG. 34, taken

along lines 37-37 thereof;
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FIG. 38 is a vertical cross section view of the load cushion illustrated in FIG. 36, taken
along lines 38-38 thereof;

FIG. 39 is a perspective view of a spring mount in accordance with an exemplary
embodiment;

FIG. 40 is a top plan view of the spring mount illustrated in FIG. 39;

FIG. 41 is a bottom plan view of the spring mount illustrated in FIG. 39;

FIG. 42 is an end view of the spring mount illustrated in FIG. 39;

FIG. 43 is a sectional view of the spring mount illustrated in FIG. 42, taken along lines
A-A thereof;

FIG. 44 is a sectional view of the spring mount illustrated in FIG. 41, taken along lines
B-B thereof;

FIG. 45 is a side clevational view of a saddle in accordance with an exemplary
embodiment;

FIG. 46 is a bottom plan view of the saddle illustrated in FIG. 45;

FIG. 47 is an end view of the saddle illustrated in FIG. 45;

FIG. 48 is a perspective view of a saddle cap end portion in accordance with an
exemplary embodiment;

FIG. 49 is a side elevational view of the saddle cap end portion illustrated in FIG. 48;

FIG. 50 illustrates an exemplary base plate of the load cushion illustrated in FIG. 34;

FIG. 51 illustrates an exemplary rate plate of the load cushion illustrated in FIG. 34;

FIG. 52 illustrates a perspective view of another load cushion in accordance with an
exemplary embodiment;

FIG. 53 illustrates a perspective view of another load cushion in accordance with an
exemplary embodiment;

FIG. 54 is a graphical representation of operating characteristics obtainable with
suspensions constructed in accordance with the principles disclosed herein;

FIG. 55 is a side-clevational view of a frame hanger assembly in accordance with an
exemplary embodiment;

FIG. 56 is a top plan view of the frame hanger assembly illustrated in FIG. 55; and

FIG. 57 is an end view of the frame hanger assembly illustrated in FIG. 55.
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DETAILED DESCRIPTION OF THE INVENTION

1. Exemplary suspension

FIGS. 1-21 illustrate embodiments of a vehicle suspension generally designated 50 and
components thereof. The vehicle suspension 50 is designed to support longitudinally
extending C-shaped vehicle frame rails 52 above laterally extending vehicle axles (not shown)
of a tandem axle configuration for the vehicle. In an alternative embodiment, the vehicle
frame rails 52 may comprise box frame rails, I-frame rails (for example, frame rails
comprising an I-beam), or some other type of frame rail. As will be appreciated by those
skilled in the art, components for the vehicle suspension 50 and the other suspensions
described herein are duplicated on each side of the vehicle. It will also be appreciated that
vehicle wheels (not shown) are mounted to the ends of the vehicle axles in a known manner.
Further, it will be appreciated that the vehicle frame rails 52 may be connected by one or more
vehicle frame cross members (not shown).

Those skilled in the art will further understand that a suspension, arranged in
accordance with the suspension 50 and the components thereof, alternatively may be attached
to frame rails of a trailer (for example, a trailer that connects to a semi-tractor). The frame
rails of a trailer may comprise frame rails such as those described above or another type of
frame rail.

For purposes of this description, unless specifically described otherwise, hereinafter,
“vehicle” refers to a vehicle or a trailer. In this way, for example, a vehicle frame refers to a
vehicle frame or a trailer frame. Furthermore, for purposes of this description, the left side of a
vehicle refers to a side of the vehicle on an observer’s left-hand side when the observer faces
the back of the vehicle, and the right side of the vehicle refers to a side of the vehicle on an
observer’s right-hand side when the observer faces the back of the vehicle. Furthermore still,
for purposes of this description, “outboard” refers to a position further away from a center line,
running from the front to the back of a vehicle, relative to “inboard” which refers to a position
closer to that same center line.

The vehicle suspension 50, in accordance with a given embodiment, may have and/or
provide, but is not limited to having and/or providing, one or more of the following
characteristics: (i) a continuously increasing spring rate (curvilinear and with no
discontinuities) as a function of an increasing load applied to the suspension 50, (ii) an almost
linearly increasing spring rate as a function of increasing load applied to the suspension 50,
(ii1) minimal interaxle brake load transfer and/or improved articulation due to a pivot point

created at a center bushing 76 of an equalizing beam 78, (iv) minimal or no tensile loading to
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one or more springs of the suspension 50, (v) improved durability due to a reduced number of
fasteners, mechanical joints that reduce the criticality of fastener preloads, and the elimination
of tensile loading in one or more springs of the suspension 50, (vi) good ride quality on a
lightly loaded chassis without sacrificing roll stability at rated chassis load, (vii) no restrictions
with regards to the usage of tire chains, and (viil) no abrupt change in spring rate due to
engagement or disengagement of an auxiliary spring as the vehicle employing the suspension
50 encounters moderate to large variations in roadway or operating conditions.

As shown in FIG. 1, the suspension 50 includes a frame hanger assembly 54 having
two spring modules 56 which are mounted on the frame rail 52 in a known manner. In this
regard, each spring module 56 includes a frame attachment portion 58 having holes for
attaching the spring module to an adjacent frame rail 52.

Each of the spring modules 56 includes a window-like opening 60 defined by the top
wall 62, the side walls 64 and the bottom wall 66 (see, also, for example, FIGS 6 and 7).
Within each opening 60, shear springs 68 are positioned between the side walls 64 and a spring
mount 70 centrally positioned within the opening. Preferably, the shear springs 68 are
mounted in compression in the spring module 56. The compression load applied to the shear
springs 68, the side walls 64, and the spring mount 70 may increase as the expected maximum
load rating of the vehicle is increased. For example, for a first expected maximum load rating,
the shear springs 68, the side walls 64, and/or the spring mount 70 may be mounted in
compression on the order of approximately 13,000 pounds of load. As another example, for a
second expected maximum load rating which is greater than the first expected maximum load
rating, the shear springs 68, the side walls 64, and/or the spring mount 70 may be mounted in
compression on the order of approximately 20,000 pounds of load.

In addition, within each opening 60, a progressive spring rate load cushion 72 is
positioned between the spring mount 70 and the top wall 62 of the opening 60. Preferably, the
load cushion 72 has a continuously increasing spring rate (during the loading of the load
cushion 72), as described in greater detail below.

It will be appreciated herein throughout that while the spring modules 56 are described
as having the shear springs 68 and the progressive spring rate load cushions 72, if the vehicle
load has a sufficiently small magnitude in the fully loaded state, a spring module 56 having
only the shear springs 68 (i.c., not having a progressive spring rate load cushion) may suffice.
By way of example only, the sufficiently small magnitude of the vehicle load in the fully
loaded state may be a vehicle load between 0 and 8,000 pounds or between 0 and 10,000

pounds.
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Two suspension saddle assemblies 74 are attached to the spring mounts 70 included
within each opening 60. One saddle assembly 74 is positioned on the outboard side of spring
modules 56, as shown in FIG. 3. The other saddle assembly 74 is positioned on the opposite
(inboard) side of the spring modules 56, as also shown in FIG. 3. The saddle assemblies 74 are
attached to a center bushing 76 of a longitudinally extending fabricated equalizing beam 78,
also known in the art as a walking beam.

Each beam 78 includes bushing tubes or canisters 80 positioned on opposite ends
thereof. Each end of beam 78 is connected to a respective end of the vehicle axles (not shown)
in a known manner.

FIGS. 2 and 3 illustrate embodiments of frame hanger assembly 54 and the saddle
assembly 74. In this embodiment, frame hanger assembly 54 includes the two spring modules
56, in which each spring module 56 includes a frame hanger 82, two shear springs 68, a
progressive spring rate load cushion 72, and a spring mount 70. Likewise, in this embodiment,
cach saddle assembly 74 includes a saddle portion 84 and a saddle cap end portion 86. The
saddle portion 84 of cach saddle assembly 74 is connected to the spring mounts 70, which
provide mounting surfaces for shear springs 68 and progressive spring rate load cushions 72.

While installed between the spring mounts 70 and the side walls 64, the shear springs
68 are preferably held in compression between the spring mounts 70 and the side walls 64,
preferably under approximately 13,000 to 20,000 pounds of load. In other words, the shear
springs 68 do not undergo tensile loading. In this way, the fatigue life of the shear springs 68
is increased compared to elastomer springs that are subjected to such loading. The shear
springs 68 are also oriented generally sideways, as illustrated, such that they act in shear and
thereby have improved performance. One or both of the shear springs 68 in the spring module
56 may be replaced with another shear spring or springs that is/are configured like the shear
springs 68.

The progressive spring rate load cushions 72 are mounted between the spring mounts
70 and the respective top walls 62 of the openings 60. The load cushions 72 preferably have a
continuously increasing spring rate during loading. Accordingly, the suspension 50 has a
continuously increasing spring rate during loading. The load cushions 72 act in compression
and do not undergo tensile loading, so they also have increased fatigue life over other springs
(for example, elastomer springs) that are subjected to such loading.

FIGS. 4 and 5 illustrate an embodiment of a full frame hanger spring module 56. In
this embodiment, each full frame hanger spring module 56 includes a frame hanger 82, a

spring mount 70, two shear springs 68 and a progressive spring rate load cushion 72 (see FIG.
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2). Each spring mount 70 includes two saddle mounting bores 114 (see FIGS. 12-15) that are

positioned inboard and outboard, respectively, of the frame hanger 82 to permit the saddle
assembly 74 to be attached (see also FIGS. 2 and 3).

The bottom wall 66 of the opening 60 constitutes a rebound stop for suspension 50.
This integrated rebound control eliminates the need for ancillary devices for such purpose. A
snubber 90 may be included and attached to the bottom wall 66 of the opening 60, as shown, to
further reduce audible noise that may be generated when the suspension goes into rebound. As
an example, the snubber 90 may comprise an elastomeric material that may be attached to the
bottom wall 66 using an adhesive or other fastener(s). Examples of the elastomeric material
described hereinafter are applicable to the elastomeric material of the snubber 90.

FIGS. 6 and 7 illustrate additional details of an embodiment of the frame hanger 82. In
particular, FIGS. 6 and 7 illustrate that side wall 64 of this embodiment includes a pocket 92.
The other side wall 64 preferably includes a similarly arranged pocket 92 (not shown).
Pockets 92 preferably have height and width dimensions optimized for locating a respective
shear spring 68, and thus this embodiment eliminates the need for fasteners to retain the shear
springs 68, which may alternatively be used. The width of the frame hanger opening 60, and
hence the span between the pockets 92, is also preferably optimized for compression of the
shear springs 68 in assembly. Further, the depth of pocket 92 is optimized for clearance of the
shear springs 68 in operation as the shear springs 68 move through their full stroke. Pocket
depth optimization also provides secondary vertical and horizontal retention of the shear
springs 68 in addition to the retention provided by the compression of the shear springs 68 and
by the coefficient of friction between the shear springs 68 and the mating member (for
example, a pocket in side wall 64 or a pocket in the spring mount 70). With the preferred
dimensions, no fasteners are required to retain the shear springs 68 in assembly, although
embodiments that do require fasteners are also within the scope of the subject matter disclosed
herein.

Referring again to FIG. 7, the top wall 62 for each opening 60 may use and/or
comprise, for example, two elliptical shapes in perpendicular planes to form a dome-like
configuration 94 to control bulging of the progressive spring rate load cushion 72 during
loaded conditions, thereby increasing the useful life of the load cushion. Another advantage of
dome-like configuration 94 is that it eliminates potential sharp edges that could damage the
load cushion.

Each frame hanger 82 preferably has a symmetrical design, as shown. This permits

cach frame hanger 82 to be positioned on cither the left side or the right side of the vehicle.
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Each frame hanger 82 may have a frame bolt pattern optimized for retaining frame hanger 82
to its associated vehicle frame rail under all operating conditions. Optimizing the bolt pattern
may include, for example, minimizing the quantity of fasteners needed to reliably tighten the
frame hanger 82 to the frame rail 52 and/or to maximize stretching of the fasteners.

FIGS. 8, 8A, and 8B illustrate various views of an embodiment of a shear spring 68. In
this embodiment, the shear spring 68 is constructed of load blocks 96 bonded to plates 98. In
one respect, the load blocks 96 (for example, elastomeric load blocks) may comprise an
clastomeric material (i.e., an elastomer) such as natural rubber, synthetic rubber, styrene
butadiene, synthetic polyisoprene, butyl rubber, nitrile rubber, ethylene propylene rubber,
polyacrylic rubber, high-density polyethylene, thermoplastic elastomer, a thermoplastic olefin
(TPO), urethane, polyurethane, a thermoplastic polyurethane (TPU), or some other type of
clastomer.

In this regard and in particular, the load blocks 96 may comprise an elastomer defined
as American Society of Testing and Materials (ASTM) D2000 M4AA 717 A13 B13 C12 F17
K11 Z1 Z2. In this case, Z1 represents natural rubber and Z2 represents a durometer selected
to achieve a desired shear rate. The selected durometer may be based on a given predefined
scale, such as the Shore A scale, the ASTM D2240 type A scale, or the ASTM D2240 type D
scale. In a preferred embodiment, in accordance with the Shore A scale, Z2, for example, is
preferably 70 £ 5. In another embodiment, in accordance with the Shore A scale, Z2 is, for
example, within the range of 50 to 80. Other examples of Z2 and ranges for Z2 are also
possible.

In another respect, the load blocks 96 (for example, viscoelastomeric load blocks) may
comprise a viscoclastomeric material that (i) has elastic characteristics when the shear spring
68 is under a load within a given range and when that load is removed, and (ii) has non-clastic
characteristics (for example, does not return to an original non-loaded shape) if the applied
load exceeds the greatest load of the given range. The given range may extend from no load to
a maximum expected load plus a given threshold. The given threshold accounts for possible
overloading of the shear spring 68. As an example, the viscoelastomeric material may
comprise amorphous polymers, semi-crystalline polymers, and biopolymers. Other examples
of the viscoclastomeric material are also possible.

In accordance with an embodiment, the load blocks 96 may also comprise one or more
fillers. The filler(s) may optimize performance of the load blocks 96. The fillers may include,
but are not limited to, wax, oil, curing agents, and/or carbon black. Such fillers may optimize

performance by improving durability of the load blocks 96 and/or tuning the load blocks 96 for
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a given shear load and/or a given compressive load applied to the load blocks 96. Improving
durability of the load blocks 96 through the use of fillers may include, for example,
minimizing a temperature rise versus loading characteristic of load blocks 96 and/or
maximizing shape retention of the load blocks 96.

The shear springs 68 may be formed, for example, by inserting the plates 98 into a
mold (not shown). The plates 98 may each be coated with a coating material. As an example,
the coating material may comprise a material comprising zinc and phosphate, modified with
calcium. The coating material may have a coating weight of 200-400 milligrams per square
foot. Other examples of the coating material are also possible. A bonding agent may be
applied to the coated plates for bonding the plates 98 to the load blocks 96. As an example, the
bonding agent may comprise Chemlok® manufactured by the Lord Corporation, Cary, North
Carolina, USA. Other examples of the bonding agent are also possible. Applying the coating
material and/or applying the bonding agent may occur prior to, during, and/or after insertion of
the plates 98 into the mold. After applying the coating material and the bonding agent, the
load block material (while in a pourable form) may be inserted into the mold to form the load
blocks 96.

In a preferred embodiment, any exposed portion of the plates 98 (for example, a
portion of the plates 98 not covered by the load block material) is protected against corrosion
by a means other than the load block material. In other embodiments, some exposed portions
of the plates 98 (e.g., the edges of the plates 98) may not be protected against corrosion,
whereas any other exposed portions of the plates 98 are protected against corrosion. FIGS. 8C
and 8D illustrate sectional views of an embodiment of the shear spring 68, and in particular,
through-holes 99 within the plates 98. The through-holes 99 permits the load block material to
flow more easily through the mold when forming the load blocks 96.

As explained above, the shear springs 68 are mounted in compression. In an illustrated
embodiment, compression of the shear spring 68 is due to the compressive load provided by
mounting them between the spring pockets (for example, pocket 92) in the side walls 64 of the
spring module 56 and pockets formed in the spring mount 70. Other means of preloading the
shear springs may alternatively be used.

The shear springs 68 contribute to the vertical spring rate of the suspension 50 through
their shear spring rate. This vertical spring rate is constant over the entire range of motion for
the suspension 50. For a spring module with elastomeric shear springs, the vertical spring rate
can be customized for any given shear spring geometry by using an elastomer with a different

durometer rating.
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The compressive spring rate for the shear springs 68 is preferably designed to be
constant over a small range of compression, to aid in assembly, to be asymptotic in the as-
installed condition, and to keep suspension longitudinal travel due to shear spring compression
during vehicle acceleration or deceleration to a minimum, preferably under five millimeters.

Each of the plates 98 for the shear spring 68 has minimal, if any, effect on the shear
spring rate thereof. The plates 98 are used for optimization of the compressive characteristics
of the shear springs 68. The compression rate of the shear spring 68 may be increased by
adding an additional plate 98 with a corresponding load block 96, whereas the compression
rate of the shear spring 68 may be decreased by removal of a plate 98 and a corresponding load
block 96. The plates 98 can be made of any of a variety of suitable materials, including, but
not limited to, iron, steel, aluminum, plastic, a composite material, or some other material.
The dimensions and shape of the plates 98 may be selected so as to obtain preferred packaging,
weight and aesthetic characteristics of the shear springs 68 and for locating the shear springs
68 in the hanger and spring mount pockets. The plates 98 may be fully, or at least
substantially, encapsulated in elastomer to further enhance their corrosion resistance and
friction at the mating suspension members.

In accordance with an embodiment, the desired shear rate of the shear spring 68 is
approximately 403 N/mm (or approximately 2,300 pound force per inch (i.e., lb¢/in)), the
initial compressive spring rate of the shear spring 68 is approximately 6,000 N/mm (or
approximately 34,200 lb¢/in), the maximum shear travel of shear spring 68 is approximately
68.7mm (approximately 2.7 inches), and the installed height of shear spring 68 is
approximately 83.8 mm (approximately 3.3 inches).

FIG. 9 illustrates an embodiment of a shear spring 68 having an optional tab 100
incorporated into the periphery therecof. The tab 100 ensures proper shear spring orientation
during assembly. It will be appreciated that any such tabs, if used, can by any shape, size or
count.

FIG. 10 illustrates an embodiment of a progressive spring rate load cushion 72. The
progressive spring rate load cushion 72 may be positioned between the spring mount 70 and
the dome-like configuration 94 and attached to the spring mount 70 by fasteners. Generally,
cach progressive spring rate load cushion 72 is designed to have at least one tapered wall (for
example, tapered walls 105, 107) and generally similarly shaped horizontal cross sections of
different sizes throughout. For these embodiments, each horizontal cross section has a
generally similar shape as other horizontal cross sections, but it does not have the same size or

sectional area as other horizontal cross sections. The size change factor, or ratio of similitude,
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is a function of the taper of the at least one tapered wall. The horizontal cross sections can be
any geometric shape desired for packaging, weight or aesthetics.

In accordance with an exemplary embodiment, the load cushion 72 is an clastomeric
progressive spring rate load cushion shaped to resemble a pyramid. In this regard, the load
cushion 72, as illustrated in FIG. 10, includes a base plate 102, an elastomer 104 shaped to
resemble the pyramid, and a flattened top surface 106. The base plate 102 can be made of a
variety of suitable materials, including, but not limited to, iron, steel, aluminum, plastic, and a
composite material. The base plate dimensions and shape can be varied to any dimension or
shape desired for packaging, weight, and aesthetics. Preferably, the base plate 102 is
dimensioned to match the top surface of the spring mount 70, to locate the fasteners securing it
to the spring mount 70, and to minimize overall mass.

The size and dimensions of the elastomer 104 for the progressive spring rate load
cushion 72 is optimized for the vertical spring rate requirements. For the present application,
the vertical spring rate for the progressive spring rate load cushion 72 continuously increases
with increasing load, defining a curvilinear shape with no discontinuities on a graph
illustrating spring rate as a function of sprung load. The size and dimensions of the elastomer
104 may be based on a shape factor, which is a ratio of an area of a loaded surface (for
example, a flattened top surface 106) to the total area of unloaded surfaces free to expand (for
example, the four walls of the elastomer 104 leading from the base plate 102 to the top surface
106).

A preferred progressive spring rate load cushion 72 has a shape closely resembling a
pyramid with a flattened top surface 106, as indicated. With this preferred shape, the vertical
spring rate for the progressive spring rate load cushion 72 linearly increases with increasing
load. In one embodiment, the cross section of the base of the elastomer 104 is 5 inches by 6
inches, the cross section of the top surface 106 is 0.8 inches by 0.8 inches and the height of the
clastomer 104 is 3.2 inches. The spring rate of the progressive spring rate load cushion 72 may
be optimized by varying the durometer of the elastomer 104. By varying the durometer, a
family of interchangeable progressive spring rate load cushions can be created.

FIG. 11 illustrates an embodiment of an elastomeric progressive spring rate load
cushion 72 having its base plate 102 fully encapsulated in the eclastomer 104 for greater
corrosion resistance and to provide friction at the spring mount interface. In an alternative
embodiment, a portion of the base plate 102 may be exposed (e.g., not covered by the
clastomer 104). This exposed portion of the base plate 102 may be protected against corrosion

by a means other than the elastomer 104. In yet another embodiment, all of the exposed
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portion of the base plate 102, except for the edges of the exposed portion of the base plate 102

may be protected against corrosion by a means other than the elastomer 104. By way of
example, the base plate 102 may extend between 0.25 inches to 0.5 inches beyond all portions
of the widest portion of the pyramidal portion of the elastomer 104.

As illustrated in FIG. 11, the load cushion 72 has ears 108 incorporated into the base
plate 102. Each ear 108 includes a through-hole 109 through which a fastener may be inserted
and fastened to the spring mount 70 and/or to the saddle assembly 74 so as to retain the load
cushion 72 within the suspension 50. The through-hole 109 may be any of a variety of shapes.
For example, the through-hole 109 may be rectangular. In this way, the inserted fastener may
comprise a round head and square neck bolt, known in the art as a carriage bolt. As another
example, the through-hole 109 may be circular. In this way, the inserted fastener may
comprise a hex head bolt. Other suitable fasteners, and correspondingly shaped through-holes,
may alternatively be used.

FIGS. 12-15 illustrate an embodiment of the spring mount 70 included within each
spring module 56. The spring mount 70 includes a generally flat top surface 110 upon which
progressive spring rate load cushion 72 is seated, a pair of pockets 112 positioned on opposite
sides thereof for accommodating the shear springs 68, and a pair of saddle mounting bores 114
positioned on opposite sides thereof forming saddle interfaces and permitting attachment to the
suspension saddles 84.

The oppositely positioned pockets 112 are preferably dimensioned for locating the
shear springs 68 in assembly. The horizontal span separating the pockets 112, provided by the
dimensions of the spring mount 70, is also optimized for desired compression of the shear
springs 68 in assembly. In addition, the depth of the pockets 112 may be optimized for
clearance of the shear springs in operation as the shear springs move through their full stroke.
Pocket depth optimization also provides secondary vertical and horizontal retention of the
shear springs in addition to the retention provided by the compression of the shear springs and
by the coefficient of friction between the shear springs and the mating member, With the
preferred dimensions, no fasteners are required to retain the shear springs 68 in assembly,
although embodiments that do require fasteners to retain the shear springs 68 are also within
the scope of the subject matter disclosed herein.

The saddle interface for spring mount 70 forms a female portion 116 of a spring mount-
saddle mechanical joint having a desired angle for maintaining joint integrity in all operating
conditions. For a saddle assembly in a suspension that is operable to handle a first maximum

load, the desired angle is preferably about 160 degrees. In an alternative arrangement, such as
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a saddle assembly in a suspension that is operable to handle a second maximum load, where
the second maximum load is greater than the first maximum load, the desired angle may be
less than 160 degrees, such as 140 degrees. A person having ordinary skill in the art will
understand that the desired angle of the female portion of the spring mount-saddle mechanical
joint may be a number of degrees between 120 degrees and 180 degrees.

The spring mount-saddle interface mechanical joint eliminates direct shear loading of
the fasteners 117 (see FIG. 2), since the shear loading is borne exclusively by the joint. The
spring mount-saddle interface mechanical joint reduces the criticality of fastener preload and
minimizes the number of fasteners required. The fasteners 117 may each comprise a carriage
bolt, a standard hex head bolt or a hex flange bolt, or some other type of fastener.

A spring mount fillet 300 is preferably included at the apex of the saddle interface for
the spring mount 70 to minimize stress concentrations. The spring mount fillet 300 may have
a radius of twenty millimeters. The spring mount fillet 300 prevents intimate contact at the
peak of the saddle interface for the spring mount 70 when the saddle 84 is fastened thereto.
The fillet 300 also ensures that the only active surfaces for the mechanical joint are the
inclined planes of the joint. In this way, required tolerances are cased and as-cast surfaces may
be used to construct the joint.

The spring mount 70 may be made from any of a variety of materials. In a preferred
embodiment, the spring mount 70 is made from D55 ductile iron. In another embodiment, the
spring mount 70 may, for example, be made from another type iron, steel, aluminum, a
composite material, such as carbon fiber, or some other material.

FIGS. 16-19 illustrate an embodiment of a saddle assembly 74 included within a
suspension. The saddle assembly 74 includes a saddle portion (or more simply, a saddle) 84
and a saddle cap end portion 86. One half bore 119a is formed in the center hub interface of
saddle portion 84 to form an upper half of a saddle cap arrangement, and another half bore
119b is formed in the saddle cap end portion 86 to form a lower half of the saddle cap
arrangement. Due to relaxed tolerances for this saddle cap arrangement, the saddle assembly
74, including the saddle portion 84 and the saddle cap end portion 86, may be assembled as
cast. This construction provides for a saddle cap interface with the attached equalizing beam
or other vehicle component and is known in the art. Saddle cap bores 118 may be machined
into the saddle portion 84 and the saddle cap end portion 86 so that fasteners 120 shown in the
form of studs and nuts (see FIG. 16) may secure the saddle portion 84 and the saddle cap end
portion 86 together when the saddle assembly 74 is attached to an equalizing beam 78 or other

component.
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FIGS. 45-49 illustrate another embodiment that may be used within the saddle

assembly 74. In particular, FIGS. 45-47 illustrate a saddle 84A and FIGS. 48 and 49 illustrate
a saddle cap end portion 86A. The saddle 84A and the saddle cap end portion 86A may be
made of iron, steel, aluminum, a composite material, or some other material, and may each
comprise a separate cast that is formed from a casting process known to those having ordinary
skill in the art. In this way, the saddle 84A may include through-holes 84B that are formed
when the saddle 84A is cast, and the saddle cap end portion 86A may include through-holes
86B that are formed when the saddle cap end portion 86A is cast. Fasteners, such as the
fasteners 117, may be inserted into the through-holes 84B, 86B for subsequent fastening and
attachment of the saddle cap end portion 86A to the saddle 84A. In an alternative
embodiment, the through-holes 84B and/or the through-holes 8B may be formed by
machining.

The saddles 84, 84A preferably have a space frame/truss-like geometry or construction,
as illustrated, to minimize component stress during suspension operating conditions and to
minimize component mass. The saddles 84, 84A further have spring mount mounting bores
122 for alignment with the saddle mounting bores 114 of the spring mount 70 or the spring
mount 346 (see FIG. 26). The saddles 84, 84A include a male portion 124 for the preferred
spring mount interface thereof, designed to be received within the counterpart female portion
116 of the spring mount-saddle interface mechanical joint. For a saddle assembly for use in a
suspension to handle the first maximum load, a span 138 of the male portion 124 of the
mechanical joint is also preferably 160 degrees. In an alternative arrangement, such as the
saddle assembly in a suspension that is operable to handle the second maximum load, the span
138 of the male portion of the mechanical joint may be less than 160 degrees, such as 140
degrees. A person having ordinary skill in the art will understand that the span 138 may be a
number of degrees between 120 degrees and 180 degrees.

A saddle round 302 is preferably included at the apex of the spring mount interface for
the saddles 84, 84A to minimize stress concentrations. The saddle round 302 may be larger
than the spring mount fillet 300. In a preferred case, the saddle round 302 has a radius that is
ten millimeters larger then the radius of the spring mount fillet 300. In this way, if the spring
mount fillet 300 has a radius of twenty millimeters, then the saddle round 302 has a radius of
thirty millimeters. The saddle round 302 prevents intimate contact at the peak of the spring
mount interface for the saddles 84, 84A when the spring mount 70 or the spring mount 346 is

fastened thereto. The saddle round 302 also ensures that the only active surfaces for the
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mechanical joint are the inclined planes of the joint. In this way, required tolerances are cased
and as-cast surfaces for the saddle and the spring mount may be used to construct the joint.

FIGS. 20 and 21 illustrate an embodiment of an equalizing beam 78 (also referred to as
a walking beam) that may be used in the suspension 50, as well as in the other suspensions
described herein. The equalizing beam 78 is preferably a fabricated component having a top
plate 126, a bottom plate 128, side plates 130, two end bushing hubs 80, and one center
bushing hub 132. Center bushing hub 132 is included in a central portion of the side plates
130 to retain a center bushing 134 mounted therein for connection to the saddle assembly 74.
Additional bushings 136 are retained in the end bushing hubs 80 for connection to the tandem
axles (not shown) in a known manner.

The use of the equalizing beam 78 results in minimal interaxle brake load transfer due
to a real pivot point created at the equalizing beam center bushing 134. The use of the
equalizing beam 78 also improves articulation by virtue of this real pivot point.

The suspensions described herein are modular. As one example, the vehicle ride height
may be set, as desired. In particular, the vehicle ride height may be changed by changing the
frame hanger to another with a different dimension between the frame attachment holes and
the shear spring pockets. The vehicle ride height may also be changed by changing the saddle
to another with a different dimension between the center hub interface and the spring mount
interfaces thereof. In addition, replacement of both the frame hanger and saddle with others
having different dimensions may change the vehicle ride height.

The principles described herein may also be used in a variety of elastomeric spring
suspensions for a variety of axle configurations. For example, while an elastomeric spring
suspension for a tandem axle chassis having an equalizing beam has been described, the
principles extend to single axle chassis, to tandem axle chassis without equalizing beams, and
to tridem axle chassis (with or without equalizing beams), by exchanging the saddle for
another with the appropriate axle interface.

It is to be noted that the load capacity for the suspension may be increased to match
chassis size by the addition of spring modules or partial spring modules to the frame hanger
assembly, or by replacement of the progressive spring rate load cushion with another, such as a
load cushion having a flattened top surface (apex) with a larger surface arca and/or a larger
base. Alternatively, load capacity for the suspension may be reduced to match chassis size by
removal of spring modules or partial spring modules from the frame hanger assembly, or by
replacement of the progressive spring rate load cushion with another, such as a load cushion

having a flattened top surface (apex) with a smaller surface area and/or a smaller base.
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2. Additional exemplary suspensions

FIG. 22 illustrates another spring suspension 200 embodiment designed preferably for
use with a vocational or heavy haul truck having a tandem axle configuration. Three full
spring modules 56 define the frame hanger assembly 202. In addition, the saddle assemblies
204 used in suspension 200 have three spring mount interfaces. Outside of the foregoing, the
suspension 200 is similar to the suspension 50 illustrated in FIG. 1. The use of the additional
spring module 56 generates greater load capacity for the suspension 200 than for the
suspension 50 illustrated in FIG. 1, assuming everything else is identical.

The spring suspension 200, in accordance with a given embodiment, may have and/or
provide, but is not limited to having and/or providing, one or more of the following
characteristics: (i) a continuously increasing spring rate (curvilinear and with no
discontinuities) as a function of an increasing load applied to the suspension 200, (ii) an almost
linearly increasing spring rate as a function of increasing load applied to the suspension 200,
(ii1) minimal interaxle brake load transfer and/or improved articulation due to a pivot point
created at a center bushing of the equalizing beam 78, (iv) minimal or no tensile loading to one
or more springs of the suspension 200, (v) improved durability due to a reduced number of
fasteners, mechanical joints that reduce the criticality of fastener preloads, and the elimination
of tensile loading in one or more springs of the suspension 200, (vi) good ride quality on a
lightly loaded chassis without sacrificing roll stability at rated chassis load, (vii) no restrictions
with regards to the usage of tire chains, and (viil) no abrupt change in spring rate due to
engagement or disengagement of an auxiliary spring as the vehicle employing the suspension
200 encounters moderate to large variations in roadway or operating conditions.

FIG. 23 illustrates yet another embodiment of a spring suspension 250 designed
preferably for use with a vocational or heavy haul truck having a tandem axle configuration.
The suspension 250 has two full spring modules 56 and one half/partial spring module 252
defining a frame hanger assembly 254. The two full spring modules 56 are constructed
generally as described above for the embodiments of the suspensions 50 and 200, illustrated in
FIGS. 1 and 22 respectively.

In the embodiment of FIG. 23, the partial spring module 252 includes a frame
attachment portion 255 having a bottom wall 256. The progressive spring rate load cushion 72
is retained by fasteners and positioned between the bottom wall 256 and the spring mount 70
included as part of the partial spring module 252. The bottom wall 256 may include a dome-
like configuration, such as the dome-like configuration 94 described above. The saddle

assemblies 204 used in the suspension 250 may be similar to those used in the suspension 200
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illustrated in FIG. 22. The use of a partial spring module 252, in addition to the two full spring

modules 56, generates greater load capacity for the suspension 250 than the suspension 50
illustrated in FIG. 1, assuming everything else is identical.

The spring suspension 250, in accordance with a given embodiment, may have and/or
provide, but is not limited to having and/or providing, one or more of the following
characteristics: (i) a continuously increasing spring rate (curvilinear and with no
discontinuities) as a function of an increasing load applied to the suspension 250, (ii) an almost
linearly increasing spring rate as a function of increasing load applied to the suspension 250,
(ii1) minimal interaxle brake load transfer and/or improved articulation due to a pivot point
created at a center bushing of the equalizing beam 78, (iv) minimal or no tensile loading to one
or more springs of the suspension 250, (v) improved durability due to a reduced number of
fasteners, mechanical joints that reduce the criticality of fastener preloads, and the elimination
of tensile loading in one or more springs of the suspension 250, (vi) good ride quality on a
lightly loaded chassis without sacrificing roll stability at rated chassis load, (vii) no restrictions
with regards to the usage of tire chains, and (viil) no abrupt change in spring rate due to
engagement or disengagement of an auxiliary spring as the vehicle employing the suspension
250 encounters moderate to large variations in roadway or operating conditions.

FIG. 25 illustrates an embodiment of a frame hanger assembly 300 including a frame
interface (for example, attachment brackets) 302 and removably attachable spring modules (for
example, suspension attachment) 304. The frame interface 302 includes a lower wall 306
permitting attachment to an upper wall 308 of each spring module 304 through the use of
fasteners 310. The fasteners 310 may be configured as the fasteners 117 (described above).
The spring modules 304 may include the shear springs 68, the spring mount 70, and the
progressive spring rate load cushion 72, such as those described above.

For this embodiment, the use of frame hanger assembly 300 enhances the modularity of
the exemplary suspension systems. For example, the replacement of spring modules 304 with
other spring modules 304 having springs with a different vertical spring rate for the suspension
is facilitated. In addition, multiple vehicle frame configurations (i.c., ride heights and frame
widths) can be absorbed through modifications to the hole/bore positions machined through
the frame interface 302, permitting production of a uniform, universal spring module 304.
This results in reduced inventories of parts. This also permits compatibility to any industry
standard frame configuration worldwide, while also simplifying assembly.

The modular frame hanger assembly 300 may also be universal in the sense that it can

be sized and adapted for all vehicle frame configurations. As a result, a single spring module
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304 can be used for all vehicle frame configurations. Various frame interfaces 302 may be
used for each particularly different vehicle frame configuration.

Next, FIGS. 26-28 illustrate various views of a frame hanger assembly 330 in
accordance with another exemplary embodiment. The frame hanger assembly 330 may
support longitudinally extending frame rails (for example, the frame rails 52) above laterally
extending vehicle axles of a tandem axle configuration for the vehicle. As illustrated in FIG.
26, the frame hanger assembly 330 includes a frame hanger 332, spring modules 334, 335, and
a saddle assembly 337 that is attached to an outboard side of the spring modules 334, 335.
FIG. 27 is a top view of the frame hanger assembly 330. FIG. 28 illustrates the saddle
assembly 337, as well as a saddle assembly 339 that is attached to an inboard side of the spring
modules 334, 335. The frame hanger 332 may be attached to the spring modules 334, 335
through the use of fasteners 309. The saddle assemblies 337, 339 may be attached to the
spring modules 334, 335 through the use of fasteners 351. The fasteners 309, 351 may be
configured as the fasteners 117 (described above).

The frame hanger 332 may be arranged in various configurations for attachment to a
variety of vehicles. The various vehicles may each have a respective frame configuration (for
example, ride height, frame rail width, and/or frame rail hole-pattern). In a first configuration,
the frame hanger 332 may, for example, comprise a vertical wall 338 having (i) a first wall
height, and (ii) a first frame hanger hole-pattern. In a second configuration, the frame hanger
332 may, for example, comprise a vertical wall 338 having (i) a second wall height, and (ii) the
first frame hanger hole-pattern or another frame hanger hole-pattern. For purposes of this
description, the second wall height is greater than the first wall height. In this way, a ride
height of a vehicle may be increased by replacing the frame hanger 332 having a vertical wall
338 that has the first wall height with the frame hanger 332 having a vertical wall 338 that has
the second wall height and/or by replacing saddle assemblies 337, 339 with saddle assemblies
having dimensions different from those of saddle assemblies 337, 339. Other configurations of
the frame hanger 332, such as configurations that are arranged with a wall height and frame
hanger hole-pattern that differ from the wall height and frame hanger hole-pattern combination
of cach other frame hanger configuration, are also possible.

The various frame hanger hole-patterns may match up to a respective frame rail hole-
pattern in an outboard vertical wall of a frame rail. Fasteners, such as the fasteners 117, may
be inserted through the holes of the vertical wall 338 and through the outboard vertical wall of

the frame rail for subsequent fastening of the frame hanger 332 to the frame rail.
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The frame hanger 332 may be made of iron, steel, aluminum, a composite material, or
some other material. As illustrated in FIG. 26, the frame hanger 332 includes a lower wall 336
having a first lower wall end 340 and a second lower wall end 342. As illustrated in FIG. 27,
the lower wall 336 includes two sets of through-holes 311. Each set of through-holes 311 is
arranged in a given spring module attachment hole-pattern that matches holes in the spring
modules 334, 335. The frame hanger 332 also includes a vertical wall 338 that extends from
the wall end 340 to the wall end 342.

The spring modules 334, 335 cach comprise a spring housing 344, a spring mount 346,
a progressive spring rate load cushion 348, and shear springs 350, 352. The spring modules
334, 335 may be interchangeable, and may be symmetrical such that the spring modules 334,
335 may be positioned on either the left side or the right side of a vehicle and on either a front
or rear of the frame hanger 330. The saddle assemblies 337, 339 may be attached to the spring
mounts 346 and to a center bushing of a longitudinally extending fabricated equalizing beam
(i.e., a walking beam) (not shown). Thereafter, the saddle assemblies 337, 339 may be
unattached from the spring mounts 346 and/or the equalizing beam for any of a variety of
reasons (for example, servicing and/or replacement of the saddle assemblies 337, 339).

FIGS. 55-57 illustrate additional views of the frame hanger assembly 330 in
accordance with an embodiment in which the frame hanger 332 (see FIGS. 26-28) is replaced
with frame hanger 333. The frame hanger 333 may be attached to the spring modules 334, 335
through the use of the fasteners 309.

The frame hanger 333 may be arranged in various configurations for attachment to a
variety of vehicles. The various vehicles may each have a respective frame configuration (for
example, ride height, frame rail width, and/or frame rail hole-pattern). In a first configuration,
the frame hanger 333 may, for example, comprise a vertical wall 341 having (i) a first wall
height, and (ii) a first frame hanger hole-pattern. In a second configuration, the frame hanger
333 may, for example, comprise a vertical wall 341 having (i) a second wall height, and (ii) the
first frame hanger hole-pattern or another frame hanger hole-pattern. For purposes of this
description, the second wall height is greater than the first wall height. In this way, a ride
height of a vehicle may be increased by replacing the frame hanger 333 having a vertical wall
341 that has the first wall height with the frame hanger 333 having a vertical wall 341 that has
the second wall height. Other configurations of the frame hanger 333, such as configurations
that are arranged with a wall height and frame hanger hole-pattern that differ from the wall
height and frame hanger hole-pattern combination of each other frame hanger configuration,

are also possible.
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The various frame hanger hole-patterns may match up to a respective frame rail hole-
pattern in an outboard vertical wall of a frame rail. Fasteners, such as the fasteners 117, may
be inserted through the holes of the vertical wall 341 and through the outboard vertical wall of
the frame rail for subsequent fastening of the frame hanger 333 to the frame rail.

The frame hanger 333 may be made of iron, steel, aluminum, a composite material, or
some other material. As illustrated in FIG. 55, the frame hanger 333 includes a lower wall 382
having a first lower wall end 380 and a second lower wall end 381. As illustrated in FIG. 27,
the lower wall 382 includes two sets of through-holes 383. Each set of through-holes 383 is
arranged in a given spring module attachment hole-pattern. The lower wall 382 may also
include holes 384 for attaching the frame hanger 333 to an underside of a vehicle frame rail
(for example, frame rail 52). The vertical wall 341 extends from the wall end 380 to the wall
end 381.

Next, FIGS. 29-31 illustrate various views of an embodiment of the spring housing
344. The spring housing 344 may be made of iron, steel, aluminum, a composite material, or
some other material. In a preferred embodiment, the spring housing 344 is preferably a casting
made via a casting process known to those of ordinary skill in the art. In an alternative
embodiment, the spring housing 344 may be a fabrication of multiple castings and/or forgings.
As illustrated in FIGS. 30 and 33, the spring housing 344 includes depressions 357, which are
metal savers to reduce the weight of the spring housing 344.

The spring housing 344 includes an interior portion 345 in which the spring mount
346, the load cushion 348, and the shear springs 350, 352 may be installed. The interior
portion 345 may be defined, in part, by a bottom wall 354, a top wall 356, and side walls 358,
360. The top wall 356 preferably has through-holes 370 arranged in the same hole-pattern as
the pattern of the through-holes in the frame hanger 332 or 333, (for example, through-holes
311 or 383). The top wall 356 may also have through-holes 371 that match up to through-
holes on the bottom side of a frame rail and/or a frame rail lower gusset. The fasteners 309
may be inserted through the through-holes 311 or 383 and the through-holes 370 so as to allow
fastening and attaching of the spring modules 334, 335 to the frame hanger. In an alternative
arrangement, instead of the through-holes 370, the spring housing 344 may use threaded holes
that do not extend all the way through the top wall 356.

FIGS. 32 and 33 are sectional views of the spring housing 344. As illustrated in these
figures, the spring housing 344 includes the spring housing pockets 364, 366, and a dome-like
configuration 368 in the top wall 356. The dome-like configuration 368 may control bulging

of the load cushion 348 when the load cushion 348 is under a load, so as to increase the useful
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life of the load cushion 348. The dome-like configuration 368 also eliminates sharp edges that

could damage the load cushion 348 when the load cushion 348 contacts the top wall 356.

The pocket 364 has height, width, and depth dimensions preferably optimized for
locating the shear spring 350, and the pocket 366 has height, width, and depth dimensions
preferably optimized for locating the shear spring 352. A span 372 between the pockets 364,
366 is preferably optimized for compression of the shear springs 350, 352 in assembly. The
compression of the shear springs 350, 352 may, for example, be on the order of 13,000 to
20,000 pounds of load. Further, the depth of the pockets 364, 366 is preferably optimized for
clearance of the shear springs 350, 352 in operation as the springs move through their full
stroke. Pocket depth optimization also provides secondary vertical and horizontal retention of
the shear springs 350, 352 in addition to the retention provided by compression of the shear
springs 350, 352 and by the coefficient of friction between the shear springs 350, 352 and the
mating member (for example, the pockets 364, 366 and the spring mount 346). Using the
preferred dimensions, no fasteners are required to retain the shear springs 350, 352 in
assembly, although alternative embodiments that require and/or use fasteners to retain the
shear springs 350, 352 are also within the scope of the subject matter disclosed herein.

In FIGS. 26 and 29, the spring housing 344 is illustrated without a snubber. However,
in alternative embodiment, the spring housing 344 may include a snubber above the bottom
wall 354. Such a snubber may be arranged as the snubber 90 described above.

Next, FIGS. 34-38 illustrate various views of an embodiment of the progressive spring
rate load cushion 348. As illustrated in FIG. 37, the load cushion 348 includes a base plate
400, a rate plate 402, and cushion material 404 including a first cushion portion 406 and a
second cushion portion 408. The base plate 400 includes a top side 410, a bottom side 412,
and multiple edges 414 between the top side 410 and the bottom side 412. Similarly, the rate
plate 402 includes a top side 416, a bottom side 418, and multiple edges 420 between the top
side 416 and the bottom side 418.

FIGS. 50 and 51 illustrate a plan view of embodiments of the base plate 400 and the
rate plate 402, respectively. As illustrated in FIGS. 50 and 51, the base plate 400 and the rate
plate 402 each have through-holes 422 to allow the cushion material 404 to pass through the
plates 400, 402 during manufacture of the load cushion 348. The base plate 400 includes ears
424 having through-holes 426 for mounting the load cushion 348 to the spring mount 346. In
a preferred embodiment, the ears 424 are offset on opposite sides of a center line of the base
plate 400. In alternative embodiment, a center line of the ears 424 may be the same as a center

line of the base plate 400. Fasteners 362 may be inserted through the ears 424 and fastened to
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the spring mount 346 and/or the saddle assemblies 337, 339 so as to retain the load cushion
348 within the spring housing 344.

The base plate 400 and the rate plate 402 may be made of any of a variety of materials,
such as steel, aluminum, iron, plastic, a composite material, or some other material. In
accordance with an exemplary embodiment, the edges 414, 420 each have a height of 6.35 mm
(approximately 0.25 inches), the base plate 400 has a length of 152.4 mm (6.0 inches) and a
width of 152.4 mm, and the rate plate 402 has a length of 152.4 mm and width of 152.4 mm.
The exemplary length and width dimensions of the base plate 400 do not account for the
dimensions of the ears 424. A person having ordinary skill in the art will understand that the
plates 400, 402 may have dimensions other than those listed above.

FIG. 38 is a vertical cross section view of the load cushion illustrated in FIG. 36, taken
along lines B-B thereof. As illustrated in FIG. 38, the cushion portion 406 has a top surface
428 that is flat. In accordance with an exemplary embodiment, each vertical cross section of
the cushion portion 406 has two tapering edges, such as tapering edges 430, 432 illustrated in
FIG. 38. Additionally, the cushion portion 406 has similarly shaped horizontal cross sections
of different sizes throughout. In particular, each horizontal cross section has a generally
similar shape as other horizontal cross sections, but it does not have the same size or sectional
arca as the other horizontal cross sections. The size change factor (for example, a ratio of
similitude) for the horizontal cross section is a function of taper. The largest horizontal cross
section of the cushion portion 406 is preferably bonded to the top side 416 of the rate plate
402, whereas the smallest cross section of the cushion portion 406 is preferably the top surface
428. The horizontal cross sections of the cushion portion 406 can be any geometric shape (for
example, circular, rectangular, or triangular) desired for packaging, weight, or aesthetics.
FIGS. 52 and 53 illustrate alternative embodiments of a load cushion having a base plate 400,
a rate plate 402, and cushion material 404 including the cushion portions 406, 408.

The size and dimensions of the cushion portion 406 may be based on the shape factor
described above. In accordance with an embodiment in which the cushion portion 406 has a
pyramidal shape and by way of example, the largest horizontal cross section of the cushion
portion 406 has a length of 155.4 mm (approximately 6.1 inches) and width of 155.4 mm, the
smallest cross section of the cushion portion 406 has a length of 45.7 mm (approximately 1.8
inches), and the height of the cushion portion 406 is 83 mm (approximately 3.3 inches). A
person having ordinary skill in the art will understand that the cushion portion 406 may

alternatively have other dimensions.
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The cushion portion 408 preferably has horizontal cross sections having a shape similar
to the shape of horizontal cross section shape of the rate plate 402. These horizontal cross
sections of the cushion portion 408 may have dimensions that are substantially similar to the
dimensions of the rate plate 402. In this case, substantially similar is plus or minus 15 percent.
In accordance with an exemplary embodiment in which the rate plate 402 has a rectangular
shape (with or without rounded corners), the largest horizontal cross section(s) of the cushion
portion 408 may have a length of 155.4 mm and a width of 155.4 mm, whereas the smallest
horizontal cross section(s) of the cushion portion 408 may have a length of 145.4 mm
(approximately 5.7 inches) and a width of 145.4 mm.

In this embodiment, the cushion material 404 may comprise any of a variety of
materials. In one respect, the cushion material 404 may comprise an elastomer such as natural
rubber, synthetic rubber, styrene butadiene, synthetic polyisoprene, butyl rubber, nitrile rubber,
cthylene propylene rubber, polyacrylic rubber, high-density polyethylene, thermoplastic
elastomer, a thermoplastic olefin (TPO), urethane, polyurethane, a thermoplastic polyurethane
(TPU), or some other type of elastomer. In this regard and in particular, the cushion material
404 may comprise an elastomer defined as ASTM D2000 M4AA 621 A13 B13 C12 F17 K11
Z1, wherein Z1 represents a durometer selected to achieve a desired compressive rate curve.
The selected durometer may be based on a given predefined scale, such as the Shore A scale,
the ASTM D2240 type A scale, or the ASTM D2240 type D scale. In a preferred embodiment,
in accordance with the Shore A scale, Z1, for example, is preferably 70 = 5. In another
embodiment, in accordance with the Shore A scale, Z1 is, for example, within the range of 50
to 80. Other examples of Z1 are also possible.

In another respect, the cushion material 404 may comprise a viscoelastomeric material
that has elastomeric characteristics when the load cushion 348 is under a load within a range of
no load to a maximum expected load to be applied to the load cushion plus a given threshold.
The given threshold accounts for possible overloading of the load cushion 348. As an
example, the viscoelastomeric material may comprise amorphous polymers, semi-crystalline
polymers, and biopolymers.

The load cushion 348 may be formed by inserting the base plate 400 and the rate plate
402 into a mold (not shown). The base plate 400 and the rate plate 402 may be coated with a
coating material (an example, of which is described above). A bonding agent may be applied
to the coated plates for bonding the plates to the cushion material 404. Applying the coating
material and/or applying the bonding agent may occur prior to, during, and/or after insertion of

the plates 400, 402 into the mold. After application of the coating material and the bonding
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agent, the cushion material 404 may be inserted into the mold. The cushion material 404
preferably covers the edges 414, 420 or at least a substantial portion of the edges 414, 420. As
an example, the substantial portion of the edges 414, 420 may include all portions of the edges
414, 420 except for chaplet portions which are used to position the plates 400, 402 within the
mold. The cushion material 404 at the edges 414, 420 may be 1.5 mm (approximately 0.06
inches) thick.

Those having ordinary skill in the art will understand that the load cushions used in the
suspensions 50, 200, 250, 300 may be arranged as the load cushion 348. Those having
ordinary skill in the art will also understand that the load cushion 348 could be arranged with
one or more additional rate plates similar to the rate plate 402 and, for each additional rate
plate, a respective cushion portion similar to the cushion portion 408. In such alternative
arrangements, cach additional rate plate is inserted into the mold prior to the cushion material
404.

Next, FIGS. 39-44 illustrate various views of an embodiment of the spring mount 346.
The spring mount 346 includes sides 452, 454. The spring mount 346 may be symmetrical
such that the sides 452, 454 may be used on either the inboard or the outboard side of a
vehicle. The spring mounts 70 used in the suspensions 50, 200, 250, 300 may be arranged as
the spring mount 346.

The spring mount 346 includes a generally flat top surface 464 upon which a load
cushion (for example, the load cushion 348) is seated, and wall portions 466, 468. Having the
flat top surface 464 at a level lower than a top portion of the wall portions 466, 468 allows for
use of a taller load cushion. In an alternative arrangement, the top surface 464 may be at the
same level as the wall portions 466, 468.

As illustrated in FIG. 43, the spring mount 346 includes a pair of pockets 470, 472
positioned on opposite sides of the spring mount 346. The pockets 470, 472 are preferably
dimensioned for locating the shear springs 350, 352 in assembly. A horizontal span 471 that
separates the pockets 470, 472 is optimized for desired compression of the shear springs 350,
352 in assembly. A depth of the pockets 470, 472 may be optimized for clearance of the shear
springs 350, 352 in operation as the shear springs 350, 352 move through their full stroke.
Pocket depth optimization also provides secondary vertical and horizontal retention of the
shear springs 350, 352 in addition to the retention provided by the compression of the shear
springs 350, 352 and by the coefficient of friction between the shear spring 350 and the mating
members (for example, the pockets 364, 470) and the coefficient of friction between the shear

spring 352 and the mating members (for example, the pockets 366, 472). With the preferred
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dimensions of span 471, the depth of pockets 470, 472, the span 372, the depths of pockets

364, 366 and a length of the shear springs 350, 352, no fasteners are required to retain the
shear springs 350, 352 in assembly, although embodiments that do require fasteners to retain
shear springs 350, 352 are also within the scope of the subject matter disclosed herein.

As illustrated in FIGS. 39 and 40, the spring mount 346 includes: (i) an outboard saddle
interface 456 that forms a female portion of a mechanical joint having a given angle, (ii) an
inboard saddle interface 458 that forms a female portion of another mechanical joint having
the given angle, (iii) an outboard saddle mounting bore 460, (iv) an inboard saddle mounting
bore 461, and (iv) load cushion mounting bores 462. The saddle mounting bores 460, 461 are
part of the saddle interfaces 456, 458, respectively. Fasteners inserted into mounting bores of
the saddles 337, 339 and the saddle mounting bores 460, 461 allow for attachment of the
saddles 337, 339 to the spring mount 346.

FIG. 44 illustrates a female portion 482 of a spring mount-saddle mechanical joint
having a desired angle for maintaining joint integrity in all operating conditions. As an
example, for a saddle assembly in a suspension that is operable to handle a first maximum
load, the desired angle is preferably about 160 degrees. As another example, for a saddle
assembly in a suspension that is operable to handle a second maximum load, the second
maximum load being greater than the first maximum load, the desired angle may be less than
160 degrees (for example, 140 degrees). The spring mount-saddle interface mechanical joints
eliminate direct shear loading of the fasteners 351 (see FIG. 26), since the shear loading is
borne exclusively by the joints. The spring mount-saddle interface mechanical joints reduce
the criticality of fastener preload and minimize the number of fasteners required. A person
having ordinary skill in the art will understand that desired angle may be a number of degrees
between 120 degrees and 180 degrees.

An apex of the saddle interfaces 456, 458 may include a spring mount fillet 480 so as
to minimize stress concentrations. In accordance with an exemplary embodiment, the fillet
480 has a radius of twenty millimeters. The fillet 480 prevents intimate contact at the peak of
the saddle interfaces 456, 458 when the saddles 337, 339, respectively, are fastened thereto.
The fillets 480 ensure that the only active surfaces for the mechanical joints are the inclined
planes of the joints. In this way, the required tolerances are eased and as-cast surfaces may be
used to construct the joint.

Next, in an alternative arrangement, the spring modules 334, 335 may be attached to a
frame rail of a vehicle through the use of u-bolts, such as u-bolts having two threaded ends.

The frame hanger 332 or 333 is not needed for the alternative arrangement. As an example,
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two u-bolts, with their threaded ends extending in a downward direction, may be placed over
the top side of a frame rail, and then inserted through the mounting holes 370 at both ends of
the spring housing 344. Nuts may be installed on the threaded ends of the u-bolts to keep the
spring housing 344 in contact with the frame rail. The spring housing 335 may be attached to
the frame rail in a similar manner.

Furthermore, in an alternative arrangement especially for use with a vocational or
heavy haul truck having a tandem axle configuration, the frame hangers 332 and/or 333 may
be made to allow for attaching three spring modules (for example, three spring modules
configured as the spring module 334, or two spring modules configured as spring module 334
and one spring module configured as partial spring module 252). For this alternative
arrangement, saddle assemblies that are removably attachable to a respective spring mount in
cach of the three spring modules may be provided. For example, the use of three spring
modules provides a way to generate greater load capacity for a vehicle suspension as compared
to the suspension 330 (see FIG. 26), assuming everything else is identical.

3. Exemplary operating characteristics

FIG. 24A illustrates a graphical representation of operating characteristics that may be
obtained for certain embodiments of the suspensions of the type illustrated in FIGS. 1, 22 and
23, respectively. FIG. 24A illustrates suspension sprung load as a function of vertical
deflection. As shown, this function is initially generally linear increasing progressively until
the amount of vertical deflection begins to taper off as load increases.

FIG. 24B illustrates a graphical representation of other operating characteristics that
may be obtained for certain embodiments of the suspensions of the type illustrated in FIGS. 1,
22 and 23, respectively. FIG. 24B illustrates suspension spring rate as a function of
suspension sprung load. As shown, the suspensions have a continuously increasing spring rate
(curvilinear and with no discontinuities) as a function of load. Moreover, due to the preferred
pyramidal shape of the progressive spring rate load cushions 72 used in these suspensions, the
spring rate increases almost linearly with increasing load. There are no abrupt changes in the
vertical spring rate, as is the case with clastomeric spring suspensions utilizing auxiliary
springs. These operational characteristics resemble the operational characteristics exhibited by
pneumatic suspensions, not mechanical suspensions of this type. Accordingly, these
suspensions exhibit excellent roll stability without compromising ride quality.

FIG. 54 illustrates a graphical representation of similar operating characteristics that
may be obtained for embodiments employing the suspensions described herein. In this regard,

employing the suspensions refers to employing the described suspension on both the left side
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and right side of the vehicle. FIG. 54 illustrates suspension sprung load as a function of
vertical deflection. As shown, this function is initially generally linear increasingly
progressively until the amount of vertical deflection begins to taper off as load increases. Line
54A is for an embodiment employing the suspension 50 illustrated in FIG. 1.

Lines 54B, 54C, and 54D are for an embodiment employing a suspension including the
frame hanger assembly 330. For lines 54B, 54C, and 54D, the load cushion 348 includes the
rate plate 402, and the durometer of the cushion material 404 is 70. For line 54B, a 0.5 inch
shim plate (or multiple shim plates equaling 0.5 inches) is inserted between the load cushion
348 and the spring mount 346. For line 54C, a 0.25 inch shim plate (or multiple shim plates
equaling 0.25 inches) is inserted between the load cushion 348 and the spring mount 346. For
line 54D, no shim plates are inserted between the load cushion 348 and the spring mount 346.

Lines 54E, 54F, and 54G are for an embodiment employing a suspension including the
frame hanger assembly 330. For lines 54E, 54F, and 54G, the load cushion used within the
frame hanger assembly 330 does not include a rate plate, but the height of the load cushion is
the same as the load cushion 348 used in the embodiment for lines 54B, 54C, and 54D. In this
regard, the frame hanger assembly may be used with the load cushion 72. The durometer of
the load cushion material for lines 54E, 54F, and 54G is 65. For line 54E, a 0.5 inch shim
plate (or multiple shim plates equaling 0.5 inches) is inserted between the load cushion and the
spring mount. For line 54F, a 0.25 inch shim plate (or multiple shim plates equaling 0.25
inches) is inserted between the load cushion and the spring mount. For line 54G, no shim
plate(s) is/are inserted between the load cushion and the spring mount.

The suspension spring rate as a function of suspension sprung load may be customized
to achieve a desired ride quality. For instance, for each of the suspension embodiments of the
systems illustrated in FIGS. 1, 22, 23, and 26, a shim plate or multiple shim plates may be
inserted between the mount and the load cushions 72, 348. The shim plates raise an operating
height of the load cushions 72, 348 such that loading of load cushions 72, 348 begins for a
lighter load as compared to loading of the load cushions when the shim plates are not used. In
a preferred arrangement, the shim plate(s) are the same shape and size as a base plate used
within the load cushions 72, 348. In this way, the fasteners used to attach the load cushions
72, 348 or perhaps longer fasteners may be used to secure the shim plate(s) between a mount
and a load cushion.

Additionally, a given suspension employing frame hangers 300 or 330, in accordance
with a given embodiment, may have and/or provide, but is not limited to having and/or

providing, one or more of the following characteristics: (i) a continuously increasing spring
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rate (curvilinear and with no discontinuities) as a function of an increasing load applied to the
given suspension, (ii) an almost linearly increasing spring rate as a function of increasing load
applied to the given suspension, (iii) minimal interaxle brake load transfer and/or improved
articulation due to a pivot point created at a center bushing of an equalizing beam indirectly
attached to the frame hangers 300 or 330, (iv) minimal or no tensile loading to one or more
springs of the given suspension, (v) improved durability due to a reduced number of fasteners,
mechanical joints that reduce the criticality of fastener preloads, and the elimination of tensile
loading in one or more springs of the given suspension, (vi) good ride quality on a lightly
loaded chassis without sacrificing roll stability at rated chassis load, (vii) no restrictions with
regards to the usage of tire chains, and (viii) no abrupt change in spring rate due to engagement
or disengagement of an auxiliary spring as the vehicle employing the given suspension
encounters moderate to large variations in roadway or operating conditions.
4. Examples of additional embodiments

The following clauses, enumerated within parenthesis, describe additional
embodiments.

(1) A load cushion for a suspension system, the load cushion comprising:

a cushion portion comprising a given material; and

a base plate having a top side, a bottom side, and multiple edges,

wherein the cushion portion extends away from the top side of the base plate and has at
least one vertical cross section having two tapering edges.

(2) The load cushion of clause (1), wherein the given material comprises an
clastomeric material.

3) The load cushion of clause (1), wherein the given material comprises a
viscoelastomeric material.

4) The load cushion of clause (1), wherein the given material comprises a material
selected from the group consisting of: (i) urethane, and (ii) polyurethane.

(5) The load cushion of clause (1), (2), (3) or (4), wherein the cushion portion is
bonded to the base plate.

(6) The load cushion of clause (1), (2), (3), (4) or (5), wherein the cushion portion
is pyramidal in shape and has a top surface that is parallel to the top side of the base plate.

(7) The load cushion of clause (1), (2), (3), (4), (5) or (6),

wherein portions of the top side, portions of the bottom side, and portions of the
multiple edges are used as chaplets to retain the base plate during manufacture of the load

cushion, and
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wherein the given material covers all of the base plate except for chaplets.

(8) The load cushion of clause (1), (2), (3), (4), (5), (6), or (7),

wherein the load cushion comprises a plurality of horizontal cross sections, and

wherein each horizontal cross section has a common shape and a respective size.

9) The load cushion of clause (1), (2), (3), (4), (5), (6), (7) or (8), wherein the
common shape is rectangular.

(10) The load cushion of clause (1), (2), (3), (4), (5), (6), (7) or (8), wherein the
common shape is circular.

(11) A load cushion for a suspension system, the load cushion comprising:

a first cushion portion;

a second cushion portion;

a base plate having a top side and a bottom side; and

a rate plate having a top side and a bottom side,

wherein the top side of the base plate is parallel to the top side of the rate plate,

wherein the first cushion portion extends away from the top side of the rate plate and
has at least one vertical cross section having two tapering edges, and

wherein the second cushion portion is located between the base plate and the bottom
side of the rate plate.

(12)  The load cushion of clause (11),

wherein the base plate has multiple edges between the top side of the base plate and the
bottom side of the base plate,

wherein the rate plate has multiple edges between the top side of the rate plate and the
bottom side of the rate plate,

wherein the second cushion portion covers the multiple edges of base plate, the bottom
side of the base plate, and the multiple edges of the rate plate, and

wherein the second cushion portion contacts the first cushion portion.

(13)  The load cushion of clause (11) or (12),

wherein the base plate comprises at least one ear having a respective mounting hole,
and

wherein the load cushion is attachable to a spring mount via a respective fastener that is
inserted through the hole of each ear and into a respective hole in the spring mount.

(14)  The load cushion of clause (11), (12), or (13),

wherein the base plate is bonded to the second cushion portion, and
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wherein the rate plate is bonded to the first cushion portion and to the second cushion
portion.

(15) The load cushion of clause (11), (12), (13), or (14),

wherein the base plate is made from a material selected from the group consisting of:
(1) iron, (ii) steel, (ii1) aluminum, (iv) plastic, and (v) a composite material, and

wherein the rate plate is made from a material selected from the group consisting of: (i)
iron, (ii) steel, (iii) aluminum, (iv) plastic, and (v) a composite material.

(16)  The load cushion of clause (11), (12), (13), (14), or (15), wherein the first
cushion portion and the second cushion portion are elastomeric.

(17)  The load cushion of clause (11), (12), (13), (14), (15), or (16), wherein the first
cushion portion and the second cushion portion are formed by an elastomer put into a mold
that holds the base plate and the rate plate.

(18)  The load cushion of clause (11), (12), (13), (14), or (15), wherein the first
cushion portion and the second cushion portion made from a material selected from the group
consisting of (i) a viscoelastomeric material, (i1) urethane, and (iii) polyurethane.

(19) The load cushion of clause (11), (12), (13), (14), (15), (16), (17), or (18),
wherein the first cushion portion has a generally pyramidal shape with a flattened top surface.

(20) The load cushion of clause (11), (12), (13), (14), (15), (16), (17), (18) or (19),

wherein the load cushion comprises a plurality of horizontal cross sections, and

wherein each horizontal cross section has a common shape and a respective size.

(21)  The load cushion of clause (20), wherein the common shape is rectangular.

(22)  The load cushion of clause (20), wherein the common shape is circular.

(23) A suspension assembly comprising:

a spring housing having a first interior wall and a second interior wall;

a first shear spring;

a second shear spring; and

a spring mount;

wherein the first shear spring is held in compression between the first interior wall and
the spring mount and the second shear spring is held in compression between the second
interior wall and the spring mount.

(24)  The suspension assembly of clause (23),

wherein the first shear spring includes a first end and a second end,

wherein the second shear spring includes a first end and a second end,

wherein the spring mount includes a first mount pocket and a second mount pocket,
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wherein the first interior wall includes a first wall pocket,

wherein the second interior wall includes a second wall pocket,

wherein the first end of the first shear spring is locatable within the first wall pocket,

wherein the second end of the first shear spring is locatable within the first mount

pocket,

wherein the first end of the second shear spring is locatable within the second wall
pocket, and

wherein the second end of the second shear spring is locatable within the second mount
pocket.

(25)  The suspension assembly of clause (23) or (24),

wherein the suspension assembly comprises a plurality of through-holes, and

wherein the suspension assembly attaches to a frame rail via a plurality of u-bolts
placed over the frame rail and through the plurality of through-holes.

(26)  The suspension assembly of clause (23), (24), or (25), further comprising;:

a frame hanger comprising a lower wall and a side wall,

wherein the lower wall includes a plurality of through-holes arranged in a given
pattern,

wherein the spring housing includes a plurality of holes arranged in the given pattern,

wherein the frame hanger is attached to the spring housing via fasteners inserted into
the through-holes of the lower wall and into the holes of the spring housing, and

wherein the spring housing is attachable to a frame rail via fasteners inserted into
through-holes of the side wall and into through-holes in frame rail.

(27)  The suspension assembly of clause (26), further comprising;:

another spring housing that is attached to the frame hanger,

wherein the other spring housing comprises another first interior wall, another second
interior wall, another spring mount, another first shear spring, and another second shear spring,

wherein the other first shear spring is held in compression between the other first
interior wall and the other spring mount, and

wherein the other second shear spring is held in compression between the other second
interior wall and the other spring mount.

(28)  The suspension assembly of clause (23), (24), (25), (26), or (27), further
comprising:

a load cushion mounted to the spring mount.

(28A) The suspension assembly of clause (28), wherein the load cushion comprises:
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a cushion portion comprising a given material; and

a base plate having a top side, a bottom side, and multiple edges,

wherein the cushion portion extends away from the top side of the base plate and has at
least one vertical cross section having two tapering edges.

(28B) The suspension assembly of clause (28A), wherein the given material comprises
an elastomeric material.

(28C) The suspension assembly of clause (28A), wherein the given material comprises
a viscoelastomeric material.

(28D) The suspension assembly of clause (28A), wherein the given material comprises
a material selected from the group consisting of: (i) urethane, and (ii) polyurethane.

(28E) The suspension assembly of clause (28A), (28B), (28C), or (28D), wherein the
cushion portion is bonded to the base plate.

(28F) The suspension assembly of clause (28A), (28B), (28C), (28D) or (28E),
wherein the cushion portion is pyramidal in shape and has a top surface that is parallel to the
top side of the base plate.

(28G) The suspension assembly of clause (28A), (28B), (28C), (28D), (28E) or (28F),

wherein portions of the top side, portions of the bottom side, and portions of the
multiple edges are used as chaplets to retain the base plate during manufacture of the load
cushion, and

wherein the given material covers all of the base plate except for chaplets.

(28H) The suspension assembly of clause (28), wherein the load cushion comprises:

a first cushion portion;

a second cushion portion;

a base plate having a top side and a bottom side; and

a rate plate having a top side and a bottom side,

wherein the top side of the base plate is parallel to the top side of the rate plate,

wherein the first cushion portion extends away from the top side of the rate plate and
has at least one vertical cross section having two tapering edges, and

wherein the second cushion portion is located between the base plate and the bottom
side of the rate plate.

(281) The suspension assembly of clause (28H),

wherein the base plate has multiple edges between the top side of the base plate and the
bottom side of the base plate,
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wherein the rate plate has multiple edges between the top side of the rate plate and the
bottom side of the rate plate,

wherein the second cushion portion covers the multiple edges of base plate, the bottom
side of the base plate, and the multiple edges of the rate plate, and

wherein the second cushion portion contacts the first cushion portion.

(28J) The suspension assembly of clause (28H) or (281),

wherein the base plate comprises at least one ear having a respective mounting hole,
and

wherein the load cushion is attachable to a spring mount via a respective fastener that is
inserted through the hole of each ear and into a respective hole in the spring mount.

(28K) The suspension assembly of clause (28H), (281) or (28J),

wherein the base plate is bonded to the second cushion portion, and

wherein the rate plate is bonded to the first cushion portion and to the second cushion
portion.

(28L) The suspension assembly of clause (28H), (281), (28J) or (28K),

wherein the base plate is made from a material selected from the group consisting of:
(1) iron, (ii) steel, (ii1) aluminum, (iv) plastic, and (v) a composite material, and

wherein the rate plate is made from a material selected from the group consisting of: (i)
iron, (ii) steel, (iii) aluminum, (iv) plastic, and (v) a composite material.

(28M) The suspension assembly of clause (28H), (281), (28]), (28K), or (28L),

wherein the first cushion portion and the second cushion portion are elastomeric.

(28N) The suspension assembly of clause (28H), (281), (28]), (28K), (28L) or (28M),

wherein the first cushion portion and the second cushion portion are formed by an
elastomer put into a mold that holds the base plate and the rate plate.

(28P) The suspension assembly of clause (28H), (281), (28]), (28K), or (28L),

wherein the first cushion portion and the second cushion portion made from a material
selected from the group consisting of (i) a viscoelastomeric material, (ii) urethane, and (iii)
polyurethane.

(28Q) The suspension assembly of clause (28H), (281), (28J), (28K), (28L), (28M),
(28N), or (28P), wherein the first cushion portion has a generally pyramidal shape with a
flattened top surface.

(29)  The suspension assembly of clause (28), wherein the load cushion comprises an

clastomeric progressive spring rate load cushion.

(30) The suspension assembly of clause (28), wherein the load cushion comprises an
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clastomeric portion that has a pyramidal shape with a flattened top surface.

(31)  The suspension assembly of clause (30),

wherein the spring housing further includes a top wall with a dome-like configuration,
and

wherein the flattened top surface contacts the dome-like configuration while a load is
applied to the load cushion.

(32) The suspension assembly of clause (23), (24), (25), (26), (27), (28), (29), (30),
or (31), further comprising:

a first saddle assembly; and

a second saddle assembly,

wherein the spring mount comprises a first saddle interface and a second saddle

interface,

wherein the first saddle assembly attaches to the spring mount at the first saddle
interface, and

wherein the second saddle assembly attaches to the spring mount at the second saddle
interface.

(33) The suspension assembly of clause (32),

wherein the first saddle interface includes a female portion of a first mechanical joint
having a given angle,

wherein the second saddle interface forms a female portion of a second mechanical
joint having the given angle,

wherein the first saddle assembly includes a male portion of the first mechanical joint
having the given angle, and

wherein the second saddle assembly includes a male portion of the second mechanical
joint having the given angle.

(34) The suspension assembly of clause (33), wherein the given angle is between
120 degrees and 180 degrees.

(35) The suspension assembly of clause (32), further comprising;:

an equalizing beam that is attached to (i) the first saddle assembly, (ii) the second
saddle assembly, (iii) a first axle, and (iv) a second axle.

(36) A modular suspension system comprising:

a first suspension assembly as recited in clause (23); and

a second suspension assembly as recited in clause (23).

(37)  The modular suspension system of clause (36) further comprising:
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a first saddle assembly; and

a second saddle assembly;

wherein the first saddle assembly is attached to a first location on a spring mount of the
first suspension assembly and to a first location on a spring mount of the second suspension
assembly, and

wherein the second saddle assembly is attached to a second location on the spring
mount of the first suspension assembly and to a second location on the spring mount of the
second suspension assembly.

(38)  The modular suspension system of clause (37), further comprising;:

a first equalizing beam that is attached to the first saddle assembly and to the second
saddle assembly,

wherein the first equalizing beam is attachable to a first axle and to a second axle.

(39) The modular suspension system of clause (38), further comprising;:

a third suspension assembly as recited in clause (23);

a fourth suspension assembly as recited in clause (23);

a third saddle assembly;

a fourth saddle assembly; and

a second equalizing beam that is attached to the third saddle assembly and to the fourth
saddle assembly;

wherein the third saddle assembly is attached to a first location on a spring mount of
the third suspension assembly and to a first location on a spring mount of the fourth suspension
assembly,

wherein the fourth saddle assembly is attached to a second location on the spring
mount of the third suspension assembly and to a second location on the spring mount of the
fourth suspension assembly, and

wherein the second equalizing beam is attachable to the first axle and to the second

axle.
(40) The modular suspension system of clause (37), (38), or (39), further
comprising:
a first load cushion mounted on the spring mount of the first suspension assembly; and
a second load cushion mounted on the spring mount of the second suspension
assembly.

(41)  The modular suspension system of clause (40),

wherein the first load cushion comprises a first elastomeric cushion; and
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wherein the second load cushion comprises a second elastomeric load cushion.

(42)  The modular suspension system of clause (41),

wherein the first elastomeric load cushion has a progressive spring rate during loading
of the first elastomeric load cushion, and

wherein the second elastomeric load cushion has a progressive spring rate during
loading of the second elastomeric load cushion.

(43)  The modular suspension system of clause (40),

wherein the first load cushion comprises a first viscoelastomeric cushion; and

wherein the second load cushion comprises a second viscoelastomeric load cushion.

(44)  The modular suspension system of clause (43),

wherein the first viscoelastomeric load cushion has a progressive spring rate during
loading of the first viscoelastomeric load cushion, and

wherein the second viscoelastomeric load cushion has a progressive spring rate during
loading of the second viscoelastomeric load cushion.

(45) A suspension for supporting a longitudinally extending vehicle frame rail above
first and second axles forming a tandem axle configuration, comprising:

a frame hanger assembly mounted to the vehicle frame rail, the frame hanger assembly
including at least one spring module;

an elastomeric shear spring included within the at least one spring module and retained
in compression therein;

an clastomeric progressive spring rate load cushion included within the at least one
spring module;

a spring mount included within the at least one spring module;

a saddle assembly connected to the spring mount; and

an equalizing beam connected to the saddle assembly and further connected to the first
and second axles.

(46)  The suspension of clause (45),

wherein the at least one spring module includes an opening and the elastomeric shear
spring, and

wherein the elastomeric progressive spring rate load cushion and the spring mount are
positioned within the opening.

(47)  The suspension of clause (46), wherein the opening is defined by a top wall, a
bottom wall, and first and second side walls of the spring module.

(48)  The suspension of clause (47),
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wherein the spring mount is centrally positioned within the opening and the elastomeric
shear spring is retained in compression between one of the first and second side walls and the
spring mount, and

wherein the elastomeric progressive spring rate load cushion is positioned between the
top wall and the spring mount.

(49) The suspension of clause (47) or (48), wherein the top wall has a dome-like
configuration.

(50) The suspension of clause (47), (48) or (49), wherein the bottom wall serves as an
integrated rebound control.

(51)  The suspension of clause (45),

wherein the at least one spring module includes first and second spring modules as
part of the frame hanger assembly,

wherein the first spring module includes a first module elastomeric shear spring
retained in compression, a first module elastomeric progressive spring rate load cushion, and a
first module spring mount, and

wherein the second spring module includes a second module elastomeric shear spring
retained in compression, a second module elastomeric progressive spring rate load cushion,
and a second module spring mount.

(52) The suspension of clause (51),

wherein the at least one spring module further comprises a third spring module as part
of the frame hanger assembly, and

wherein the third spring module includes a third module elastomeric shear spring
retained in compression, a third module elastomeric progressive spring rate load cushion, and a
third module spring mount.

(53) The suspension of clause (45), (46), (47), (48), (49), (50), (51), or (52), wherein
the elastomeric progressive spring rate load cushion has a generally tapering vertical cross
section.

(54) The suspension of clause (45), (46), (47), (48), (49), (50), (51), (52) or (53),
wherein the elastomeric progressive spring rate load cushion has a generally pyramidal shape
with a flattened top surface.

(55) A suspension for supporting a longitudinally extending vehicle frame rail above
an axle, comprising:

a frame hanger assembly mounted to the vehicle frame rail, the frame hanger assembly

including at least one spring module;
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an clastomeric shear spring included within the at least one spring module and retained
in compression therein;
an clastomeric progressive spring rate load cushion included within the at least one
spring module;
a spring mount included within the at least one spring module; and
a saddle assembly connected to the spring mount, the saddle assembly being operatively
connected to the axle.
(55A) The suspension of clause (55), wherein the elastomeric progressive spring rate
load cushion comprises:
a cushion portion comprising a given material; and
a base plate having a top side, a bottom side, and multiple edges,
wherein the cushion portion extends away from the top side of the base plate and has at
least one vertical cross section having two tapering edges.
(55B) The suspension of clause (55A), wherein the cushion portion is bonded to the
base plate.
(55C) The suspension of clause (55A) or (55B), wherein the cushion portion is
pyramidal in shape and has a top surface that is parallel to the top side of the base plate.
(55D) The suspension of clause (55A), (55B) or (55C),
wherein portions of the top side, portions of the bottom side, and portions of the
multiple edges are used as chaplets to retain the base plate during manufacture of the load
cushion, and
wherein the given material covers all of the base plate except for chaplets.
(55E) The suspension of clause (55A), (55B), (55C) or (55D),
wherein the load cushion comprises a plurality of horizontal cross sections, and
wherein each horizontal cross section has a common shape and a respective size.
(55F) The suspension of clause (55E), wherein the common shape is rectangular.
(55G) The suspension of clause (55E), wherein the common shape is circular.
(55H) The suspension of clause (55), wherein the elastomeric progressive spring rate
load cushion comprises:
a first cushion portion;
a second cushion portion;
a base plate having a top side and a bottom side; and
a rate plate having a top side and a bottom side,

wherein the top side of the base plate is parallel to the top side of the rate plate,
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wherein the first cushion portion extends away from the top side of the rate plate and
has at least one vertical cross section having two tapering edges, and
wherein the second cushion portion is located between the base plate and the bottom
side of the rate plate.
(55)) The suspension of clause (55H), wherein the base plate has multiple edges
between the top side of the base plate and the bottom side of the base plate,
wherein the rate plate has multiple edges between the top side of the rate plate and the
bottom side of the rate plate,
wherein the second cushion portion covers the multiple edges of base plate, the bottom
side of the base plate, and the multiple edges of the rate plate, and
wherein the second cushion portion contacts the first cushion portion.
(55K) The suspension of clause (55H) or (557]),
wherein the base plate comprises at least one ear having a respective mounting hole,
and
wherein the load cushion is attachable to the spring mount via a respective fastener that
is inserted through the hole of each ear and into a respective hole in the spring mount.
(55L) The suspension of clause (55H), (55J) or (55K),
wherein the base plate is bonded to the second cushion portion, and
wherein the rate plate is bonded to the first cushion portion and to the second cushion
portion.
(55M) The suspension of clause (55H), (55J), (55K) or (55L),
wherein the base plate is made from a material selected from the group consisting of:
(1) iron, (ii) steel, (ii1) aluminum, (iv) plastic, and (v) a composite material, and
wherein the rate plate is made from a material selected from the group consisting of: (i)
iron, (ii) steel, (iii) aluminum, (iv) plastic, and (v) a composite material.
(55N) The suspension of clause (55H), (55J), (55K), (55L) or (55M), wherein the first
cushion portion and the second cushion portion are elastomeric.
(55P) The suspension of clause (55H), (55J), (55K), (55L), (55M) or (55N), wherein
the first cushion portion and the second cushion portion are formed by an elastomer put into a
mold that holds the base plate and the rate plate.
(55Q) The suspension of clause (55H), (55J), (5§5K), (55L), (§5M), (55N) or (55P),
wherein the first cushion portion has a generally pyramidal shape with a flattened top surface.
(55R) The suspension of clause (55H), (55J), (5§5K), (55L), (55M), (55N) or (55P),

wherein the load cushion comprises a plurality of horizontal cross sections, and
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wherein each horizontal cross section has a common shape and a respective size.

(55S) The suspension of clause (55H), (55)), (55K), (55L), (§5M), (55N), (55P) or
(55R), wherein the common shape is rectangular.

(55T) The suspension of clause (55H), (55J), (55K), (55L), (§5M), (55N), (55P) or
(55R), wherein the common shape is circular.

(56) The suspension of clause (55),

wherein the at least one spring module includes an opening and the elastomeric shear
spring, and

wherein the elastomeric progressive spring rate load cushion and the spring
mount are positioned within the opening.

(57)  The suspension of clause (56), wherein the opening is defined by a top wall, a
bottom wall, and first and second side walls of the spring module.

(58)  The suspension of clause (57),

wherein the spring mount is centrally positioned within the opening and the elastomeric
shear spring is retained in compression between one of the first and second side walls and the
spring mount, and

wherein the elastomeric progressive spring rate load cushion is positioned between the
top wall and the spring mount.

(59) The suspension of clause (58), wherein the top wall has a dome-like

configuration.

(60)  The suspension of clause (57), (58) or (59), wherein the bottom wall serves as an
integrated rebound control.

(61)  The suspension of clause (55),

wherein the at least one spring module includes first and second spring modules as part
of the frame hanger assembly,

wherein the first spring module includes a first module elastomeric shear spring
retained in compression, a first module elastomeric progressive spring rate load cushion, and a
first module spring mount, and

wherein the second spring module includes a second module elastomeric shear
spring retained in compression, a second module elastomeric progressive spring rate load
cushion, and a second module spring mount.

(62)  The suspension of clause (61),

wherein the at least one spring module further comprises a third spring module as part of

the frame hanger assembly, and
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wherein the third spring module includes a third module eclastomeric shear spring
retained in compression, a third module elastomeric progressive spring rate load cushion, and a
third module spring mount.

(63)  The suspension of clause (55), (56), (57), (58), (59), (60), (61) or (62), wherein
the elastomeric progressive spring rate load cushion has a generally tapering vertical cross
section.

(64)  The suspension of clause (55), (56), (57), (58), (59), (60), (61), (62) or (63),
wherein the elastomeric progressive spring rate load cushion has a generally pyramidal shape
with a flattened top surface.

(65)  The suspension of clause (55), (56), (57), (58), (59), (60), (61), (62), (63) or
(64), further comprising an equalizing beam connected to the saddle assembly and further
connected to the axle.

(66) A frame hanger spring module for use in a vehicle suspension, comprising:

a frame hanger bracket having a frame attachment portion and an opening defined by a
top wall, a bottom wall, and first and second side walls of the spring module;

an elastomeric shear spring included within the opening; and

a spring mount included within the opening;

wherein the elastomeric shear spring is retained in compression between one of the
first and second side walls and the spring mount.

(67) The frame hanger spring module of clause (66), further comprising an
clastomeric progressive spring rate load cushion positioned between the spring mount and the
top wall.

(68) The frame hanger spring module of clause (66) or (67), wherein the elastomeric
progressive spring rate load cushion has a generally tapering vertical cross section.

(69) The frame hanger spring module of clause (66), (67) or (68), wherein the
clastomeric progressive spring rate load cushion has a generally pyramidal shape with a
flattened top surface.

(70)  The frame hanger spring module of clause (67), further comprising an additional
clastomeric shear spring retained in compression between another of the first and second side
walls and the spring mount.

(71)  The frame hanger spring module of clause (66), (67), (68), (69) or (70), further
comprising an additional elastomeric shear spring retained in compression between another of
the first and second side walls and the spring mount.

(72)  The frame hanger spring module of clause (66), (67), (68), (69) (70) or (71),
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wherein the spring mount is centrally positioned within the opening.

(73)  The frame hanger spring module of clause (66), (67), (68), (69) (70), (71) or
(72), wherein the top wall has a dome-like configuration.

(74)  The frame hanger spring module of clause (66), (67), (68), (69) (70), (71), (72)
or (73), wherein the bottom wall serves as an integrated rebound control.

(75) A frame hanger assembly for use in a vehicle suspension, comprising:

a frame attachment bracket; and

a suspension attachment module having a top wall, a bottom wall and first and second
side walls removably attachable to the frame attachment bracket.

(76) The frame hanger assembly of clause (75), wherein the suspension attachment
module is attached to the frame attachment bracket with fasteners.

(77)  The frame hanger assembly of clause (75) or (76), having an opening defined by
the top wall, the bottom wall, and the first and second side walls, and further comprising:

an elastomeric shear spring included within the opening;

a spring mount included within the opening;

wherein the elastomeric shear spring is retained in compression between one of the first
and second side walls and the spring mount.

(78) The frame hanger assembly of clause (77), further comprising an elastomeric
progressive spring rate load cushion positioned between the spring mount and the top wall.

(79)  The frame hanger assembly of clause (78), wherein the elastomeric progressive
spring rate load cushion has a generally tapering vertical cross section.

(80) The frame hanger assembly of clause (78) or (79), wherein the elastomeric
progressive spring rate load cushion has a generally pyramidal shape with a flattened top
surface.

(81)  The frame hanger assembly of clause (77), (78), (79) or (80), further comprising
an additional elastomeric shear spring retained in compression between another of the first and
second side walls and the spring mount.

(82) The frame hanger assembly of clause (77), (78), (79), (80) or (81), further
comprising an additional elastomeric shear spring retained in compression between another of
the first and second side walls and the spring mount.

(83) The frame hanger assembly of clause (77), (78), (79), (80), (81) or (82), wherein
the spring mount is centrally positioned within the opening.

(84)  The frame hanger assembly of clause (75), (76), (77), (78), (79), (80), (81), (82)

or (83), wherein the bottom wall serves as an integrated rebound control.
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(85)  The frame hanger assembly of clause (75), (76), (77), (78), (79), (80), (81), (82),

(83) or (84), wherein the top wall has a dome-like configuration.
5. Conclusion

While this invention has been described with reference to certain illustrative aspects, it
will be understood that this description shall not be construed in a limiting sense. Rather,
various changes and modifications can be made to the illustrative embodiments without
departing from the true spirit and scope of the invention, as defined by the following claims.
Furthermore, it will be appreciated that any such changes and modifications will be recognized
by those skilled in the art as an equivalent to one or more elements of the following claims,
and shall be covered by such claims to the fullest extent permitted by law.

Finally, the word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to be

construed as preferred or advantageous over other embodiments.
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CLAIMS

We claim:

1. A suspension assembly comprising:

a spring housing having a first interior wall and a second interior wall;

a first shear spring;

a second shear spring; and

a spring mount;

wherein the first shear spring is held in compression between the first interior wall and
the spring mount and the second shear spring is held in compression between the second

interior wall and the spring mount.

2. The suspension assembly of claim 1,

wherein the first shear spring includes a first end and a second end,

wherein the second shear spring includes a first end and a second end,

wherein the spring mount includes a first mount pocket and a second mount pocket,

wherein the first interior wall includes a first wall pocket,

wherein the second interior wall includes a second wall pocket,

wherein the first end of the first shear spring is locatable within the first wall pocket,

wherein the second end of the first shear spring is locatable within the first mount

pocket,

wherein the first end of the second shear spring is locatable within the second wall
pocket, and

wherein the second end of the second shear spring is locatable within the second mount

pocket.

3. The suspension assembly of claim 1,
wherein the suspension assembly comprises a plurality of through-holes, and
wherein the suspension assembly attaches to a frame rail via a plurality of u-bolts

placed over the frame rail and through the plurality of through-holes.

4. The suspension assembly of claim 1, further comprising:

a frame hanger comprising a lower wall and a side wall,
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wherein the lower wall includes a plurality of through-holes arranged in a given
pattern,

wherein the spring housing includes a plurality of holes arranged in the given pattern,

wherein the frame hanger is attached to the spring housing via fasteners inserted into
the through-holes of the lower wall and into the holes of the spring housing, and

wherein the spring housing is attachable to a frame rail via fasteners inserted into

through-holes of the side wall and into through-holes in frame rail.

5. The suspension assembly of claim 4, further comprising:

another spring housing that is attached to the frame hanger,

wherein the other spring housing comprises another first interior wall, another second
interior wall, another spring mount, another first shear spring, and another second shear spring,

wherein the other first shear spring is held in compression between the other first
interior wall and the other spring mount, and

wherein the other second shear spring is held in compression between the other second

interior wall and the other spring mount.

6. The suspension assembly of claim 1, further comprising:

a load cushion mounted to the spring mount.

7. The suspension assembly of claim 6, wherein the load cushion comprises:

a cushion portion comprising a given material; and

a base plate having a top side, a bottom side, and multiple edges,

wherein the cushion portion extends away from the top side of the base plate and has at

least one vertical cross section having two tapering edges.

8. The suspension assembly of claim 7, wherein the cushion portion is bonded to
the base plate.
9. The suspension assembly of claim 7, wherein the cushion portion is pyramidal

in shape and has a top surface that is parallel to the top side of the base plate.

10.  The suspension assembly of claim 7,

wherein portions of the top side, portions of the bottom side, and portions of the
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multiple edges are used as chaplets to retain the base plate during manufacture of the load
cushion, and

wherein the given material covers all of the base plate except for chaplets.

11.  The suspension assembly of claim 6, wherein the load cushion comprises:

a first cushion portion;

a second cushion portion;

a base plate having a top side and a bottom side; and

a rate plate having a top side and a bottom side,

wherein the top side of the base plate is parallel to the top side of the rate plate,

wherein the first cushion portion extends away from the top side of the rate plate and
has at least one vertical cross section having two tapering edges, and

wherein the second cushion portion is located between the base plate and the bottom

side of the rate plate.

12. The suspension assembly of claim 11,

wherein the base plate has multiple edges between the top side of the base plate and the
bottom side of the base plate,

wherein the rate plate has multiple edges between the top side of the rate plate and the
bottom side of the rate plate,

wherein the second cushion portion covers the multiple edges of base plate, the bottom
side of the base plate, and the multiple edges of the rate plate, and

wherein the second cushion portion contacts the first cushion portion.

13.  The suspension assembly of claim 11,

wherein the base plate comprises at least one ear having a respective mounting hole,
and

wherein the load cushion is attachable to a spring mount via a respective fastener that is

inserted through the hole of each ear and into a respective hole in the spring mount.

14. The suspension assembly of claim 11, wherein the first cushion portion has a

generally pyramidal shape with a flattened top surface.

15. The suspension assembly of claim 6, wherein the load cushion comprises an
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clastomeric progressive spring rate load cushion.

16. The suspension assembly of claim 15, wherein the load cushion comprises an

clastomeric portion that has a pyramidal shape with a flattened top surface.

17.  The suspension assembly of claim 16,

wherein the spring housing further includes a top wall with a dome-like configuration,
and

wherein the flattened top surface contacts the dome-like configuration while a load is

applied to the load cushion.

18.  The suspension assembly of claim 1, further comprising:

a first saddle assembly; and

a second saddle assembly,

wherein the spring mount comprises a first saddle interface and a second saddle

interface,

wherein the first saddle assembly attaches to the spring mount at the first saddle
interface, and

wherein the second saddle assembly attaches to the spring mount at the second saddle

interface.

19.  The suspension assembly of claim 18,

wherein the first saddle interface includes a female portion of a first mechanical joint
having a given angle,

wherein the second saddle interface forms a female portion of a second mechanical
joint having the given angle,

wherein the first saddle assembly includes a male portion of the first mechanical joint
having the given angle, and

wherein the second saddle assembly includes a male portion of the second mechanical

joint having the given angle.

20.  The suspension assembly of claim 19, wherein the given angle is between 120

degrees and 180 degrees.
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21. The suspension assembly of claim 20, further comprising:
an equalizing beam that is attached to (i) the first saddle assembly, (ii) the second

saddle assembly, (iii) a first axle, and (iv) a second axle.

22.  Aload cushion for a suspension system, the load cushion comprising:

a cushion portion comprising a given material; and

a base plate having a top side, a bottom side, and multiple edges,

wherein the cushion portion extends away from the top side of the base plate and has at

least one vertical cross section having two tapering edges.

23. The load cushion of claim 22, wherein the given material comprises an

elastomeric material.

24. The load cushion of claim 22, wherein the given material comprises a

viscoelastomeric material.

25. The load cushion of claim 22, wherein the given material comprises a material

selected from the group consisting of: (i) urethane, and (ii) polyurethane.

26. The load cushion of claim 22, wherein the cushion portion is bonded to the base

plate.

27.  The load cushion of claim 22, wherein the cushion portion is pyramidal in

shape and has a top surface that is parallel to the top side of the base plate.

28. The load cushion of claim 22,

wherein portions of the top side, portions of the bottom side, and portions of the
multiple edges are used as chaplets to retain the base plate during manufacture of the load
cushion, and

wherein the given material covers all of the base plate except for chaplets.

29. A load cushion for a suspension system, the load cushion comprising;:
a first cushion portion;

a second cushion portion;
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a base plate having a top side and a bottom side; and

a rate plate having a top side and a bottom side,

wherein the top side of the base plate is parallel to the top side of the rate plate,

wherein the first cushion portion extends away from the top side of the rate plate and
has at least one vertical cross section having two tapering edges, and

wherein the second cushion portion is located between the base plate and the bottom

side of the rate plate.

30. The load cushion of claim 29,

wherein the base plate has multiple edges between the top side of the base plate and the
bottom side of the base plate,

wherein the rate plate has multiple edges between the top side of the rate plate and the
bottom side of the rate plate,

wherein the second cushion portion covers the multiple edges of base plate, the bottom
side of the base plate, and the multiple edges of the rate plate, and

wherein the second cushion portion contacts the first cushion portion.

31. The load cushion of claim 29,

wherein the base plate comprises at least one ear having a respective mounting hole,
and

wherein the load cushion is attachable to a spring mount via a respective fastener that is

inserted through the hole of each ear and into a respective hole in the spring mount.

32. The load cushion of claim 29,
wherein the base plate is bonded to the second cushion portion, and
wherein the rate plate is bonded to the first cushion portion and to the second cushion

portion.

33. The load cushion of claim 29,

wherein the base plate is made from a material selected from the group consisting of:
(1) iron, (ii) steel, (ii1) aluminum, (iv) plastic, and (v) a composite material, and

wherein the rate plate is made from a material selected from the group consisting of: (i)

iron, (ii) steel, (iii) aluminum, (iv) plastic, and (v) a composite material.
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34. The load cushion of claim 29, wherein the first cushion portion and the second

cushion portion are elastomeric.

35. The load cushion of claim 34, wherein the first cushion portion and the second
cushion portion are formed by an elastomer put into a mold that holds the base plate and the

rate plate.

36. The load cushion of claim 29, wherein the first cushion portion and the second
cushion portion made from a material selected from the group consisting of (i) a

viscoelastomeric material, (ii) urethane, and (iii) polyurethane.

37.  The load cushion of claim 29, wherein the first cushion portion has a generally

pyramidal shape with a flattened top surface.

38. A modular suspension system comprising:
a first suspension assembly as claimed in claim 1; and

a second suspension assembly as claimed in claim 1.

39. The modular suspension system of claim 38, further comprising:

a first saddle assembly; and

a second saddle assembly;

wherein the first saddle assembly is attached to a first location on a spring mount of the
first suspension assembly and to a first location on a spring mount of the second suspension
assembly, and

wherein the second saddle assembly is attached to a second location on the spring
mount of the first suspension assembly and to a second location on the spring mount of the

second suspension assembly.

40. The modular suspension system of claim 39, further comprising:
a first equalizing beam that is attached to the first saddle assembly and to the second
saddle assembly,

wherein the first equalizing beam is attachable to a first axle and to a second axle.

41. The modular suspension system of claim 40, further comprising:
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a third suspension assembly as claimed in claim 1;

a fourth suspension assembly as claimed in claim 1;

a third saddle assembly;

a fourth saddle assembly; and

a second equalizing beam that is attached to the third saddle assembly and to the fourth
saddle assembly;

wherein the third saddle assembly is attached to a first location on a spring mount of
the third suspension assembly and to a first location on a spring mount of the fourth suspension
assembly,

wherein the fourth saddle assembly is attached to a second location on the spring
mount of the third suspension assembly and to a second location on the spring mount of the
fourth suspension assembly, and

wherein the second equalizing beam is attachable to the first axle and to the second

axle.
42. The modular suspension system of claim 39, further comprising:
a first load cushion mounted on the spring mount of the first suspension assembly; and
a second load cushion mounted on the spring mount of the second suspension
assembly.

43.  The modular suspension system of claim 42,
wherein the first load cushion comprises a first elastomeric cushion; and

wherein the second load cushion comprises a second elastomeric load cushion.

44. The modular suspension system of claim 43,

wherein the first elastomeric load cushion has a progressive spring rate during loading
of the first elastomeric load cushion, and

wherein the second elastomeric load cushion has a progressive spring rate during

loading of the second elastomeric load cushion.

45. A suspension for supporting a longitudinally extending vehicle frame rail above
first and second axles forming a tandem axle configuration, comprising:
a frame hanger assembly mounted to the vehicle frame rail, the frame hanger assembly

including at least one spring module;
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an elastomeric shear spring included within the at least one spring module and retained
in compression therein;

an clastomeric progressive spring rate load cushion included within the at least one
spring module;

a spring mount included within the at least one spring module;

a saddle assembly connected to the spring mount; and

an equalizing beam connected to the saddle assembly and further connected to the first

and second axles.

46. The suspension of claim 45,

wherein the at least one spring module includes an opening and the elastomeric shear
spring, and

wherein the elastomeric progressive spring rate load cushion and the spring mount are

positioned within the opening.

47.  The suspension of claim 46, wherein the opening is defined by a top wall, a

bottom wall, and first and second side walls of the spring module.

48. The suspension of claim 47,

wherein the spring mount is centrally positioned within the opening and the elastomeric
shear spring is retained in compression between one of the first and second side walls and the
spring mount, and

wherein the elastomeric progressive spring rate load cushion is positioned between the

top wall and the spring mount.

49. The suspension of claim 48, wherein the top wall has a dome-like configuration.

50.  The suspension of claim 47, wherein the bottom wall serves as an integrated

rebound control.

51.  The suspension of claim 45,
wherein the at least one spring module includes first and second spring modules as
part of the frame hanger assembly,

wherein the first spring module includes a first module elastomeric shear spring

54



10

15

20

25

30

WO 2009/151673 PCT/US2009/036662

retained in compression, a first module elastomeric progressive spring rate load cushion, and a
first module spring mount, and

wherein the second spring module includes a second module elastomeric shear spring
retained in compression, a second module elastomeric progressive spring rate load cushion,

and a second module spring mount.

52. The suspension of claim 51,

wherein the at least one spring module further comprises a third spring module as part
of the frame hanger assembly, and

wherein the third spring module includes a third module elastomeric shear spring
retained in compression, a third module elastomeric progressive spring rate load cushion, and a

third module spring mount.

53.  The suspension of claim 45, wherein the elastomeric progressive spring rate load

cushion has a generally tapering vertical cross section.

54.  The suspension of claim 53, wherein the elastomeric progressive spring rate load

cushion has a generally pyramidal shape with a flattened top surface.

55. A suspension for supporting a longitudinally extending vehicle frame rail above
an axle, comprising:

a frame hanger assembly mounted to the vehicle frame rail, the frame hanger assembly
including at least one spring module;

an clastomeric shear spring included within the at least one spring module and retained
in compression therein;

an clastomeric progressive spring rate load cushion included within the at least one
spring module;

a spring mount included within the at least one spring module; and

a saddle assembly connected to the spring mount, the saddle assembly being operatively

connected to the axle.

56. The suspension of claim 55,
wherein the at least one spring module includes an opening and the elastomeric shear

spring, and

55



10

15

20

25

30

WO 2009/151673 PCT/US2009/036662

wherein the elastomeric progressive spring rate load cushion and the spring

mount are positioned within the opening.

57. The suspension of claim 56, wherein the opening is defined by a top wall, a

bottom wall, and first and second side walls of the spring module.

58. The suspension of claim 57,

wherein the spring mount is centrally positioned within the opening and the elastomeric
shear spring is retained in compression between one of the first and second side walls and the
spring mount, and

wherein the elastomeric progressive spring rate load cushion is positioned between the

top wall and the spring mount.

59. The suspension of claim 58, wherein the top wall has a dome-like configuration.

60. The suspension of claim 57, wherein the bottom wall serves as an integrated

rebound control.

61. The suspension of claim 55,

wherein the at least one spring module includes first and second spring modules as part
of the frame hanger assembly,

wherein the first spring module includes a first module elastomeric shear spring
retained in compression, a first module elastomeric progressive spring rate load cushion, and a
first module spring mount, and

wherein the second spring module includes a second module elastomeric shear
spring retained in compression, a second module elastomeric progressive spring rate load

cushion, and a second module spring mount.

62. The suspension of claim 61,

wherein the at least one spring module further comprises a third spring module as part of
the frame hanger assembly, and

wherein the third spring module includes a third module eclastomeric shear spring
retained in compression, a third module elastomeric progressive spring rate load cushion, and a

third module spring mount.
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63.  The suspension of claim 55, wherein the elastomeric progressive spring rate load

cushion has a generally tapering vertical cross section.

64.  The suspension of claim 63, wherein the elastomeric progressive spring rate load

cushion has a generally pyramidal shape with a flattened top surface.

65.  The suspension of claim 55, further comprising an equalizing beam connected to

the saddle assembly and further connected to the axle.

66. A frame hanger spring module for use in a vehicle suspension, comprising:
a frame hanger bracket having a frame attachment portion and an opening defined by a
top wall, a bottom wall, and first and second side walls of the spring module;

an elastomeric shear spring included within the opening; and

a spring mount included within the opening;

wherein the elastomeric shear spring is retained in compression between one of the

first and second side walls and the spring mount.

67. The frame hanger spring module of claim 66, further comprising an elastomeric

progressive spring rate load cushion positioned between the spring mount and the top wall.

68. The frame hanger spring module of claim 67, wherein the elastomeric

progressive spring rate load cushion has a generally tapering vertical cross section.

69. The frame hanger spring module of claim 68, wherein the elastomeric
progressive spring rate load cushion has a generally pyramidal shape with a flattened top

surface.

70. The frame hanger spring module of claim 67, further comprising an additional
clastomeric shear spring retained in compression between another of the first and second side

walls and the spring mount.

71. The frame hanger spring module of claim 66, further comprising an additional

clastomeric shear spring retained in compression between another of the first and second side
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walls and the spring mount.

72. The frame hanger spring module of claim 66, wherein the spring mount is

centrally positioned within the opening.

73. The frame hanger spring module of claim 66, wherein the top wall has a dome-

like configuration.

74. The frame hanger spring module of claim 66, wherein the bottom wall serves as

an integrated rebound control.

75. A frame hanger assembly for use in a vehicle suspension, comprising:
a frame attachment bracket; and
a suspension attachment module having a top wall, a bottom wall and first and second

side walls removably attachable to the frame attachment bracket.

76. The frame hanger assembly of claim 75, wherein the suspension attachment

module is attached to the frame attachment bracket with fasteners.

77. The frame hanger assembly of claim 75, having an opening defined by the top
wall, the bottom wall, and the first and second side walls, and further comprising;:

an elastomeric shear spring included within the opening;

a spring mount included within the opening;

wherein the elastomeric shear spring is retained in compression between one of the first

and second side walls and the spring mount.

78. The frame hanger assembly of claim 77, further comprising an eclastomeric

progressive spring rate load cushion positioned between the spring mount and the top wall.

79.  The frame hanger assembly of claim 78, wherein the elastomeric progressive

spring rate load cushion has a generally tapering vertical cross section.

80.  The frame hanger assembly of claim 79, wherein the elastomeric progressive

spring rate load cushion has a generally pyramidal shape with a flattened top surface.
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81. The frame hanger assembly of claim 78, further comprising an additional
clastomeric shear spring retained in compression between another of the first and second side

walls and the spring mount.
82. The frame hanger assembly of claim 77, further comprising an additional
clastomeric shear spring retained in compression between another of the first and second side

walls and the spring mount.

83. The frame hanger assembly of claim 77, wherein the spring mount is centrally

positioned within the opening.
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