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VEHICLE SUSPENSION ASSEMBLY WITH UNIQUE GEOMETRY

Background of the Invention

1. Field of the invention

The present invention relates to vehicle suspensions and components thereof. in
particular, the present invention relates to a novel frame hanger or bracket assembly
and suspension systems with unigue géometries for controlling the position of an axie

relative to the frame of a vehicle.

2. Background

The goal of axle/suspension systems for vehicles is to minimize the transfer of
forces between the axle and the frame. Axle/suspension systems must aiso control
various forces acting on the axle itself, which may cause the axle to become misaligned
or may alter the vertical, lateral, and/or longitudinai position of the axle relative {o the
frame. Axle/suspension systems must also minimize the yaw, wind-up (pitch) and roll
movement of the axle.

Axle/suspension systems traditionally incorporated various components, such as
anti-roll bars, shocks, springs, airbags and linkages, to control these aforementioned
forces acting on and being transmitted by the axle. Additional components aad weight,
utilize additional space both along and underneath the frame of the vehicle, and
increase the complexity of these systems.

FIG. 1 illustrates one side of a prior art suspension system utilizing four separate

air springs (two on each side of the vehicle). In the prior art, separate components are
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mounted to the frame rails of the vehicle using multipie individual brackets. For
example, the air springs 1 are attached to the frame via separate mounting brackets 2.
The frame brackets 3 are mounted ahead of the air springs 1 and linked to the
suspension by torque rod linkages 4. The upper portions of the shock absorbers 5 are
mounted to the frame utilizing another bracket 6. As lllustrated, the muitiple brackets
add weight and require additional space. As a result, prior art suspension systems are
spread out along the frame of the vehicle, the suspension is relatively heavy, and the

suspension envelope is relatively large.

Summary of the Invention

The present invention seeks to reduce the problems and complexities faced by
previous suspension systems by reducing the number of components, the weight and
the utiized space. These advantages are made possible, in part, due to a novel frame
bracket assembly that ailows for some components of the suspension system to be
*nested” within the suspension envelope. The frame bracket also integrates mounting
points for suspension components, eliminating the need for extra brackets. By
integrating mounting points and reducing the overall number of components, the
present invention weighs less and is less complex compared to other available systems.

Therefore, it i1s an objective of the present invention to provide a suspension
assembly or system which minimizes the movement of the axle, generally maintains the
position of the axle during the operation of the vehicle, and limits the transfer of forces

between the axle and frame.
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Another objective of the present invention is to provide a new and improved
design for a four-bag suspension system, utilizing four air springs to control the vehicle
suspension.

Another objective of the present invention is to provide a vehicle suspension
system with less compiexity and/or less parts, resulting in less weight and cost.

Another objective of the present invention is to provide a vehicle suspension
system which utilizes less space and has a smalier envelope than other similar
available systems.

Another objective of the present invention Is to provide a unique frame bracket
that integrates air spring and upper shock absorber eye attachments, includes
longitudinal load control, and improves the geometry of the system by nesting air
springs within the chassis envelope.

These objectives and advantages are obtained by a suspension assembly for
mounting an axle on a longitudinally extending vehicle structure; the suspension
assembly including a pair of transversely spaced frame brackets mounted each side of
the vehicle structure. Each frame bracket of the suspension system has a plate-like
member projecting inward toward the center of the vehicle for permitting attachment of
an air spring assembly. A pair of suspension arms supports the axie. The suspension
arms each have an axle clamp assembly that is used o ctamp the axle. The suspension
arms are coupled to the frame brackets via longitudinal torque rods and shock
absorbers. Four air spring assemblies are atlached to the ends of the suspension arms.
Two air spring assemblies are located in front of the axle, while the other two

assemblies are located behind the axle. Two of the air spring assemblies are attached



CA 02712578 2010-07-19

WO 2009/0998359 | | PCT/US2009/032337
4 .

to the plate-like member of the frame bracket. Unlike the air spring assemblies attached
to the frame brackets, the second pair of air spring assemblies is directly attached
between the suspension arm and the frame (via a mounting bracket). A torque box is
mounted to the frame of the vehicle via torque box brackets. A pair of coupler brackets
surrounds the differential of the axle and connects the axie to the torque box.

The benefits and characteristics of the novel suspension system set forth herein
will become apparent from the foliowing more detailed description. it will be
understood, however, that an apparatus couid still appropriate the invention claimed
herein without accomplishing each and every one of these benefits gleaned from the
following description. The appended claims, not the benefits of subject matter set forth
herein, define the subject matter protected by law. Any and all benefits are derived from

the preterred forms of the invention, not necessarily the invention in general,

Brief Description of the Drawings

In the following detailed description, reference will frequently be made fo the
following views of the drawing, in which like reference numerals refer to like
components and in which:

FIG. 1 is a side view of a vehicle, vehicle axle, and vehicle suspension

components as known in the art.

FIG. 2 Is a side view of a vehicle frame, vehicle axle, and vehicle suspension
components construcied in accordance with the principles and teachings set forth

herein.
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FiG. 3 is a front view of the vehicle axle and vehicle suspension components
iHustrated in FIG. 2.

FIG. 4 is a top plan view of the vehicle axle, vehicle frame, and vehicle
suspension components illustrated in FIG. 2.

FIG. 5 is a bottom plan view of the vehicle axle and vehicle suspension
components illustrated mn FIG. 2.

FIG. 6 is a perspective view of the vehicle axle and vehicle suspension
components illustrated in FIG. 2.

FIG. 7 Is a side elevational cutaway view illusirating another embodiment of the
vehicle suspension components constructed in accordance with the principles and
teaching set forth herein.

FIG. 8 is a perspective view of a frame bracket constructed in accordance with

the principles and teachings set forth herein.

Detailed Description

FIG. 2 illustrates some of the vehicle components present on one side of a
vehicle in what is generally referred to as a 4-bag suspension system. lllustrated in FIG.
2 are a vehicle axle 12 and the associated vehicle suspension 10. it will be understood
that the opposite side of the vehicle inciudes the opposite side of the axle 12 and
duplicative suspension components.

The vehicle suspension system 10 mounts the axle 12 on the vehicle frame. The
vehicle frame typically consists of a pair of spaced-apart, parallel, longitudinally

extending frame rails 20. The frame rails 20 are generally C-shaped and open up to the
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center of the vehicle. The vehicle axle 12 exiends laterally across the vehicle and is
generally perpendicuiar to the frame rails 20.

The suspension system 10 is mounted on the frame rails 20 by a pair of frame
brackets (or frame hanger brackets) 22. Each illustrated frame bracket 22 has an
inverted A-shape. The top portion of each frame bracket 22 has one or more mounting
points 24-27 located along its perimeter. The mounting points 24-27 allow for
suspension componenis {o _be, connected directly to the frame bracket 22, rather than
being separately attached to the frame rail 20. The mounting points 24-27 may be
located above, below, or proximate to the general area of the frame rail 20. At the lower
point of the frame bracket 22, a U-joint 80 (see FiG. 8) accepts a longitudinal torque rod
(or control arm) 32.

The longitudinal torque rod 32 is pivotally connected to the frame bracket via a
bushing 34 that is bolted or otherwise attached {o the frame bracket 22. The aft portion
of the longitudinal torque rod is pivotally connected via bushing 36 to the center pivot
joint of the tralling-arm suspension arm 40.

A pair of suspension arms 40 supporis the axie 12. A suspension arm Is located
on each side of the axie. An axle clamp assembly 42 rigidly captures a portion of the
axle 12 adjacent to a respective end of the axle and rigidly secures the axle 12 fo a
suspension arm 40. Suspension arm 40 serves as an axle seat for the suspension.

Mounted to the forward extension {(or forward portion) 44 of the suspension arm
40 is the lower portion of a shock absorber 48. The upper portion of the shock absorber

48 is attached to the frame bracket 22 at mounting point 27. The attachment of the
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shock absorber 48 to the frame bracket 22 eliminates the need for a discrete bracket

and associated fasteners for the shock absorber 48.

The base of the forward air spring 50 is mounted to and seated upon the forward
portion (or forward support arm) 44 of support arm assembly 40. This mounting point is
generally near the leading end of the forward extension 44, but alternate embodiments

may have varying positions, The air spring extends upward between the forward

extension 44 and an air spring attachment plate 68 (see FIG. 8) of the frame bracket 22.
The air spring attachmeni plate 68 (see FIG. 8) extends or protrudes off of the frame
bracket toward the center of the vehicle and provides a structure for attachment of the
upper end of forward air spring 50. The air spring attachment plate is better illustrated in
FiGs. 3, 4, 6 and 8.

The aft air spring 56 is mounted to and seated upon the rear portion (or rear
extension) 46 of the suspension arm 40 by known means. The air spring 56 extends
between the rear extension 46 and its respective air spring bracket 52, to which the top
of the air spring 56 is attached. The air spring bracket 52 secures the air spring 56 to
the frame rail 52.

Coupler brackets 60, which are rigidly mounted to the axle and surround the
differential, are connected to a torque box 62 assembly. Details regarding the illustrated

torque box 60 are set forth in U.S. Patent No. 6,527,286.

The torque box 62 is generatly mounted between the
frame rails via a pair of torque hox brackets 64. The torque box, its function, its infernal
components and how it is mounted are in accordance with the teachings of U.S. Patent

No. 6,527,286, which are known to those skilled in the art.
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FIG. 3 illustrates that the two sides (the left and right side) of the suspension
system 10 are symmetrical. As shown In FIG. 3, the forward extensions 44 of the
suspension arms 40 are angled inboard toward the center of the suspension system
(and the vehicle). The forward extensions 44 may even extend past the inner edge of
the frame rails 20. Mounted on the forward extensions 44 are the forward air springs 50.
In FIG. 3, the forward air springs 50 are positioned adiacent {o and slightly within the
frame brackets 22. The air spring attachment plaies 68, which are integrally formed
with the remainder of the frame brackets, protrude underneath the frame rails and
inboard toward the center of the suspension system. The air spring attachment plates
68 secure the upper portions of the forward air springs 50. The air spring attachment
plates 68 are generally parallel with axie 12, but other embodiments may have varying
configurations. For example, the air spring attachment plates 68 may extend from any
portion of the frame hanger.

Also connected to the frame brackets 22 are the shock absorbers 48. The shock
absorbers 48 are attached at an upper mounting point 24. The lower portion of the
shock absorbers 48 and the lower portions of the air springs 50 are connected to the
forward suspension extensions 44 of suspension arms 40. The suspension arms 40 are
also connected to the axle 12 and rear air springs 56 (see FIG. 2). The axle 12 Is rigidly
fastened to the suspension arms via axle clamp assemblies 42. Mounted to the axle 12
are coupler brackets 60. Coupler brackets 60 are spaced on either side and on the top
of axie 12. The coupler brackets 60 rigidly attach the torque box to the vehicle axle 12.

The forque box 62 is also rigidly mounted to the frame rails 20 via mounting torque box

brackets 64.
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FIG. 4 illustrates more prominently how the forward air springs 50 (hidden
partially from view by torque box brackets 64) are inboard toward the centerline 30 of
the vehicle. Parallel frame rails 20 are spaced-apart and extend longitudinally. Frame
hrackets 22 are mounted to and depend from the frame rails 20. A pair of frailing arm
suspension arms 40 supports the axie 12. Axle clamp assemblies 42 rigidly secure the
axle 12 to the suspension arms 40. Air springs 56 are connected to their respective
suspension arms 40 and mounted to the frame rails 20 by brackets 52. The torque box
62 is located between the frame rails 20. The torque box 62 is rigidly mounted to the
frame via torque box mounting brackets 64 and o the axie 12 via coupler brackets 60.

FIG. 5 illustrates the configuration of the trailing suspension arms 40. The
suspension arms 40 are generally C-shaped or V-Shaped when view from the top or
bottom. The suspension arms 40 face inward toward the centerline 30 of the vehicle. In
other words, the arms of the assemblies 40 are angled inboard toward the center of the
vehicle and suspension system 10. The suspension arms 40 are also asymmefrical.
The forward support arm or extension 44 has a slightly greater angle than the rear
extension 46 (when compared along the longitudinal axis). The forward exiension 44
also extends inward past the frame rail and further toward the centerline 30 of the
vehicle than the rear extension 46. The trailing suspension arms 40 aiso provide a
platform for mounting the air springs 50 and 56.

FIG. 6 illustrates that the upper portions of aft air springs 56 are connected to
mounting brackets 52. The mounting brackets 52 have a circular base 52a which is
connected to the aft air springs 56. Extending from the circular base 52a Is Iinverted V-

shaped structure 52b which is connected to the frame rail. However, the mounting
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brackets 52 may have any configuration which couples the air springs 56 to the frame
rails {not shown). The bases of the air springs 56 are coupled to the end points of the
suspension arms 40. The axle 12 is seated on the suspension arms 40. Axle clamp
assemblies 42 rigidly capture a portion of the axle 12 adjacent {o a respective end of the
axle and rigidly secure the axie 12 against suspension arms 40. As shown in FIG. 6, the
axle clamp assemblies 42 consists of top pad 42a and two U-bolts 42b received within
grooves (not shown) onf the top plate 42 and wrap around the axle 12 as iilustrated.
The U-bolts 42b are connected or coupled to the suspension arms 40. In FIG. 6, {he
torque control box 62 is rigidly mounted between the frame rails (not shown) using
torgue box mounting brackets 64. The torque box 64 is attached to the axie via coupler
brackets 60.

In FIG. 6, the lower portions of shock absorbers 48 are attached to the
suspension arms 40 adjacent to the axle 12. The upper portions of the shock absorbers
48 are attached to the mounting points of the frame hangers 27. The frame hangers 22
receive longitudinal torque rods 32 in a U-shaped joint 80 (see FIG. 8). The longitudinal
torque rods 32 are connected to the frame hangers via laterally extending bushings 70,
which are bolted or otherwise connected at their ends to the frame hangers 22, as
known in the art. The aft portion of the longitudinal torque rods 32 are connected to the
suspension arms 40 via bushings, as known in the art.

Extending from the frame hangers 22 and toward the center of the vehicle are
the air spring attachment plates 68. The upper portions of the forward air springs 50 are
connected to the air spring attachment plates 68. The lower portions of the forward air

springs 50 are attached to the end of forward extensions 44 of the suspension arms 40.
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The forward extensions of the support arms are angled inboard toward the center of the
vehicle and the suspension system 10.

As ilfustrated in FiGs. 2-8, the forward air spring is “nested” behind the frame
bracket 22, minimizing the total suspension envelope by allowing the frame bracket to
be mounted closer to the axle. With this “nesting” approach (i.e. nesting the forward air
spring 50 adjacent to the frame bracket 22), the geometry of the suspension system 10
is improved. The geometry of the suspension Is substantially more compact because
frame brackets 22 and forward air springs 50 can effectively be positioned in the same
longitudinal space. The suspension system 10 utilizes less space and fewer
components, such as brackets, control arms, linkages and mounting devices. The
suspension system, therefore, weighs less and the reduction of weight permits the
maximization of the vehicle’s load without exceeding weight restrictions or limitations.
The reduction of weight also enhances fuel efficiency of the vehicle. The simplifiea
geometry improves the packaging and frame envelope. These improvemenis aliow
manufacturers to use more of the chassis rail for other components and allows for more
storage. The geometry of the suspension system 10 also reduces the amount of
assembly labor, as it uses few components and is more simpliitied than other systems.

The geometry of the suspension system 10 also improves the mechanical
response of the suspension when various forces act on the axie and/or frame, which in
turn improves ride quality. The torque box 62 forms a parallelogram configuration,
where the longitudinal torque rods 32 form the lower linkages of the configuration and
the torque box 62 forms the upper linkage. The length of the linkages (i.e. either the

torque box 62 or longitudinal torgue rods 32) can be optimized to provide optimal axle
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travel for a given specification or situation without compromising other suspension
performance parameters.

FIG. 7 illustrates another embodiment of a suspension system 90, namely a
leading-arm configuration of the suspension system. Generally, in the leading-arm
configuration the components of the trailing-arm suspension system 10 are mirrored
(i.e., reversed front to back). As result, the components that were located forward of the
axle 12 in system 10 are now located behind the axle 12 in suspension system 90 and
vice-versa. It should be understood that FIG. 7 shows one side of vehicle and that the
opposite side of the vehicle includes the opposite side of the axle and duplicative
components of the suspension system.

Forward air spring 92 is connected to the frame rail 91 via a mounting bracket 94
and to the forward end 96 of the suspension arm 100. The axle 12 is seated on the
suspension arms 100. Axle clamp assemblies rigidly capture a portion of the axie 99
adjacent to a respective end of the axle and rigidly secure the axle 89 to the suspension
arm 100. Shock absorber 98 is mounted to the suspension arm 100 behind, but
adjacent to, the axle 99. The top of the shock absorber Is connected to a mounting point
24 of the frame hanger 22. In suspension system 90, the frame bracket 22 is iocated
toward the aft of the vehicle and behind the axie 12.

A longitudinal torque rod 102 is pivotally connected to the center pivot joint 106
or the lower portion of the suspension arm 100 via a bushing 104. Bushing 104 is bolted
or otherwise attached to the assembly 100. The aft portion of the longitudinal torque rod
102 is pivotally connected via bushing 108 to the pivot joint or U-joint 110 of the frame

bracket 22.
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The aft air spring 112 is mounted to and seated upon the aft end portion 114 of
the suspension arm 100. The suspension arm 100 is C-shaped when view from the top
or bottom, facing inward toward the center of the vehicle. The suspension arm 100, like
the previous embodiment, is aiso asymmetrical. While the forward extension 44 of the
suspension arm 40 shown in FIGs. 1-5 was at greater angle, the aft portion 114 in this
embodiment is angled inwardly more so than the front end portion 96. The end of the aft
arm portion 114 thus extends toward the center of the vehicle more so than the front
end 96. The aft arm portion 114 may even extend past the inner edge of frame rail 91.
The top portion of the aft air spring 112 is attached to the air spring attachment piate
(not shown), which protrudes inboard toward the center of the vehicle off of the frame
bracket 22.

The cutaway view of FIG. 7 shows the torque box 116 positioned between the
frame rails 91. The torque box is mounted to the frame rails via torque box brackets
118. The torque box also is mounted to the axle 12 by axle coupler brackets 120.

FIG. 8 is a perspective view of the frame bracket 22, shown in FIGs. 2-7. Frame
bracket 22 has an inverted A-shape. The frame bracket 22 is symmetrical, aliowing the
same frame bracket 22 design to be used in multiple configurations. The top portion of
each frame bracket 22 is the widest portion and has one or more mounting points 24-27
locate along its perimeter. The mounting points 24-27 allow for suspension componenis
to be connected directly to the frame bracket 22. Suspension components may include
shock absorbers or other components of a suspension system. Air spring attachment
plate 68 extends generaily from the location of the cross member of the inverted A-

shape. Air spring attachment plate 68 provides a structure for attachment of an air



CA 02712578 2010-07-19

WO 2009/099859 N PCT/US2009/032337
| 14 |

spring or air bag. It should be understood, however, that the frame bracket 22 may
have any configuration where the mounting points are moved to another location or that
the air spring attachment plate is repositioned. The lower pottion of the frame bracket
22, or the portion furthest from the point where the frame bracket mounts to a frame rai,
has a U-shaped joint 80, with legs 82, the open portion of which runs along the
longitudinal axis. The U-shaped joint 80 typically receives a longitudinal torque rod, but
may receive other components given differing suspension system configurations. On
each side of the U-shaped joint 80 are mounting legs 82 that are paraliel to each other.
The legs 82 are for mounting or attaching the bushings used to connect the longitudinal
torque rod.

The vehicle suspension assembly of the present invention i1s simplified and
efficiently maximizes available space. In the foregoing description, certain terms have
been used for brevity, clearness and understanding; but no unnecessary limitations are
to be implied therefrom, because such terms are used of descriptive purposes and are
intended to be broadly construed.

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

Having described the features, discoveries and principies of the invention, the
manner in which the improved vehicle suspension assembly is constructed, arranged
and used, the characteristics of the componenis and geometry of the sysiem, and the
new and useful resulis obtained; the new and useful structures, devices, elements

arrangements, parts, and combinations are set forth in the appended claims.
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A suspension system for mounting an axle to a longitudinally extending vehicle
structure having a longitudinally extending centerline, said suspension system comprising:

a pair of transversely spaced frame brackets, each of said pair of frame brackets being
mounted on and depending from said vehicle structure;

sald each of said frame brackets having an air spring attachment plate extending from
said frame bracket inboard toward said centerline of said vehicle structure:

each of said frame brackets having one or more mounting points located along its
perimeter:;

a pair of suspension arms transversely spaced, each suspension arm having a first end
and a second end; each of said first ends being angled toward said centerline of said vehicle
structure;

each of said suspension arms being attached to said axle:

a first pair of transversely spaced air springs, each of said first pair of air springs being
mounted to a said first end of each of said suspension arms and also mounted to a said air spring
attachment plate protruding from one of said frame brackets, said first transversely spaced air
springs extending generally upward from the suspension arms to its said air spring attachment
plate;

a pair of second suspension system components, each of said second components being
mounted to a said suspension arm and also attached to one of said mounting points on said
frame bracket; and a second pair of transversely spaced air springs longitudinally spaced apart
from said first pair of air springs, each of said second pair of air springs being mounted on a
second end of a said suspension arm, each of said second pair of air springs extending upwardly

and being attached to said vehicle structure.

2. The suspension system of claim 1, in which said second suspension system components

are shock absorbers.

3. The suspension system of claim 1, in which said frame brackets have an inverted A-

shape, the widest portion of said inverted A-shape being the portion which is mounted to said

vehicle structure.
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4, The suspension system of claim 1, in which said frame brackets have an inverted A-
shape and also have a cross-member and said air spring attachment plates protrude from the

location of said cross-member.

5. T'he suspension system of claim 1, in which each of said second ends of said suspension

arms is angled toward the centerline of said vehicle structure.

6. The suspension system of claim 1, in which said vehicle structure is a vehicle frame
comprising of a pair of spaced apart, parallel longitudinally extending elongated members and

in which said frame brackets are mounted on and depend from said elongated members.

7. The suspension system of claim 6, in which each of said air spring attachment plates

extend perpendicular to and underneath said elongated members.

8. T'he suspension system of claim 6, in which each of said elongated members has an
inside edge and outside edge, said inside edge being located closer to the centerline of said
vehicle structure than said outside edge, and in which said first ends of said suspension arms is
angled toward the centerline and extends underneath and past said inside edge of one of said

elongated members.

9. T'he suspension system of claim 8, in which each of said second ends of said suspension
arms 1s angled toward the centerline of said vehicle structure and extends underneath and past

said outside edge of one of said elongated members.

10. The suspension system of claim 1, in which each of said frame brackets has a U-shaped
joint located at point furthest from the vehicle structure, and each of said suspension arms has
a center pivot joint, the suspension system further comprising:

a pair of torque linkages;

each of said torque linkages generally extending from a said center pivot joint to said

U-shaped joint.

1.  The suspension system of claim 10, in which each of said torque linkages is attached to

a said frame bracket and a said suspension arm via bushings.
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2. The suspension system of claim 1 further comprising:

a torque control device mounted on and extending between said vehicle structure and
said axle, said device having a general box like structure and having a first end and a second
end, said first end being connected to said axle and said second end being connected to said

vehicle structure.

13. The suspension system of claim 1, wherein said air spring attachment plate laterally

extends across said frame bracket.

14, A frame bracket comprising:

a generally inverted A-shape frame having a lower tip, a length, a width, a height, and
an inboard side and an outboard side;

one or more mounting points located along the perimeter of the frame:

an air spring attachment plate protruding from said inboard side of said frame laterally
extending across said frame; and

a U-shaped joint located at said lower tip of said frame and a pair of lower mounting
points, said lower mounting points being parallel to each other, each of said lower mounting

points located on either side of the U-shaped joint.

15, The frame bracket of claim 14, in which said mounting points are generally located

above the vertical midway point of said frame.

16.  The frame bracket of claim 14, in which said mounting points are generally located in

an area of said frame that has the widest width.

17. The frame bracket of claim 14, in which said air spring attachment plate 1s generally

perpendicular to said frame.

18. The frame bracket of claim 14, in which said air spring attachment plate receives, is

connected to, or mounted to an air spring.

19. The frame bracket of claim 14, in which said air spring attachment plate protrudes from

a cross-member of said frame.
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