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SUSPENSION SYSTEM WITH
AXLE CLAMP THAT ACCOMMODATES
AXLE VARIATIONS

TECHNICAL FIELD

This disclosure relates generally to vehicle suspension
systems and, in one example described below, more
particularly provides a suspension system with an axle clamp

that accommodates dimensional variations of an axle.

BACKGROUND

A clamp can be used to secure an axle to other
components of a suspension system. For example, a clamp can
secure an axle to a spring beam or a trailing arm of a

suspension system.

Typically, where a clamp is used to secure an axle, the
clamp is configured for particular dimensions (including
manufacturing tolerances) of that specific axle.
Unfortunately, this practice “locks in” the clamp for use
with only that particular axle, thereby preventing axles
with other dimensions or manufacturing tolerances from being
used in the suspension system, or requiring the clamp to be

re-designed to match a different axle.



10

15

20

25

WO 2016/022127 PCT/US2014/050144

Therefore, it will be appreciated that improvements are
needed in the art of suspension system design and
construction. Such improvements may allow a clamp to be used
with a variety of differently dimensioned axles, or may
allow an axle with a relatively wide range of manufacturing

tolerances to be secured using the clamp.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of a vehicle that can embody principles of this

disclosure.

FIG. 2 is a representative perspective view of one
lateral side of a suspension system that can be used with
the vehicle of FIG. 1, and which can embody the principles

of this disclosure.

FIG. 3 is a representative elevational view of the

suspension system.

FIG. 4 is a representative rear view of the suspension

system.

FIG. 5 is a representative cross-sectional view of the

suspension system, taken along line 5-5 of FIG. 4.

FIGS. 6-8 are representative cross-sectional views of

an axle and an upper clamp member of the suspension system.

FIGS. 9 & 10 are representative enlarged scale views of
two examples of contacting portions of the axle and upper

clamp member.
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DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a vehicle 10
which can embody principles of this disclosure. However, it
should be clearly understood that the vehicle 10 is merely
one example of an application of the principles of this
disclosure in practice, and a wide variety of other examples
are possible. Therefore, the scope of this disclosure is not
limited at all to the details of the vehicle 10 described

herein and/or depicted in the drawings.

The vehicle 10 is depicted as including a tractor 12
and a trailer 14. It is contemplated that the principles of
this disclosure can be incorporated into a trailer of any
type (as well as other types of vehicles), and so the term
“yehicle” is used herein to refer to trailers of various

types, as well as to refer to self-propelled vehicles.

The trailer 14 of FIG. 1 includes multiple suspension
systems 16 which suspend a frame 18 of the trailer above a
road surface. Wheels 20 and tires 22 are rotatably mounted
at each end of each suspension system 16. None, any or all
of the suspension systems 16 may be liftable (so that the

wheels 20 can be raised out of contact with a road surface).

Referring additionally now to FIGS. 2-4, an example of
one of the suspension systems 16 is representatively
illustrated. Only one lateral side of the suspension system
16 is depicted in FIGS. 2-4, it being understood that an
opposite side of the suspension system is substantially a

mirror-image of the portion depicted in FIGS. 2-4.

In this example, the suspension system 16 includes a
laterally extending axle 24. The wheels 20 and tires 22 (not
visible in FIGS. 2-4, see FIG. 1) are rotatably mounted at
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opposite ends of the axle 24, for example, with conventional
hubs (not shown), spindles 26, bearings (not shown), king

pins (if the suspension system 16 is steerable), etc.

A hanger bracket 28 is used to attach the suspension
system 16 to the frame 18 of the vehicle 10. The hanger
bracket 28 in this example also pivotably mounts a spring
beam 30 at its forward end. An air spring 32 resiliently
spaces a rearward end of the spring beam 30 away from the

vehicle frame 18.

In other examples, the hanger bracket 28 may not be
used or a different type of bracket may be used, the spring
beam 30 could be replaced by a trailing arm or other type of
pivoting suspension beam or arm, the air spring 32 could be
a coiled spring. etc. Thus, it should be clearly understood
that the scope of this disclosure is not limited to any
particular details of the suspension system 16 described

herein or depicted in the drawings.

In the FIGS. 2-4 example, the axle 24 is secured to the
spring beam 30 between the hanger bracket 28 and the air
spring 32. In other examples, the axle 24 could be secured
at another position, or these components of the suspension
system 16 could be otherwise arranged (e.g., the air spring
32 could be mounted directly above the axle,, the axle could

be secured above the spring beam 30, etc.).

A clamp 34 is used to secure the axle 24 to the spring
beam 30. The clamp 34 includes members 36, 38 positioned
respectively above and below the axle 24. When fasteners 40
are tightened, a clamping force is applied via the members

36, 38 to the axle 24.

In the FIGS. 2-4 example, a single upper member 36 and
separate lower members 38 are used, and the fasteners 40 are

U-bolts. However, in other examples multiple upper members
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and/or a single lower member could be used, and the
fasteners could be individual bolts or other types of
fasteners, etc. Thus, the scope of this disclosure is not
limited to any particular details of the clamp 34 as

described herein or depicted in the drawings.

It is desired in this example for the clamping force
used to secure the axle 24 to the spring beam 30 to be
applied only at relatively rigid rounded corners 46 of the
axle, rather than at generally planar upper and lower side
surfaces 42, 44 of the axle. In this manner, buckling of the
axle 24 due to the compressive clamping force applied

thereto can be avoided.

It is also desired in this example for the clamp 34 to
be configured such that a relatively wide variation in
dimensions of the axle 24 can be accommodated by the clamp.
In this manner, the same clamp 34 can be used with axles 24
manufactured using different processes, with different

manufacturing tolerances, different wall thicknesses, etc.

Referring additionally now to FIG. 5, a cross-sectional
view of the suspension system 16 (specifically, the clamp
34) is representatively illustrated. In this view, the
manner in which the clamp 34 secures the axle 24 to the

spring beam 30 can be more clearly seen.

Note that the axle 24 has a generally rectangular
hollow cross-section, and that the upper and lower clamp
members 36, 38 are spaced apart from the upper and lower
side surfaces 42, 44 of the axle. Thus, the upper and lower
clamp members 36, 38 only contact the curved corners 46 of

the axle 24.

Referring additionally now to FIGS. 6-8, various
examples of dimensional variations in the axle 24 are

representatively illustrated with the upper clamp member 36,
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in order to show how such dimensional variations can be
accommodated in this example. Only a portion of the upper
clamp member 36 that contacts the axle 24 is depicted in
FIGS. 6-8 for illustrative clarity. In addition, it should
be noted that a portion of the lower clamp member 38 that
contacts the axle 24 is similarly configured to the portion
of the upper clamp member 36, and so only the upper clamp

member portion is illustrated in FIGS. 6-8.

A radius r of the axle corners 46 is smaller in FIG. 7
as compared to in FIG. 6. A thickness of a wall 48 of the
axle 24 is greater in FIG. 8 as compared to in FIGS. 6 & 7.
There are also variations in width and height of the axle 24
in the FIGS. 6-8 configurations. Thus, it will be
appreciated that the clamp 34 can accommodate a variety of

different forms of dimensional variation.

Note that the upper side surface 42 of the axle 24
remains spaced apart from the clamp member 36, with a gap ¢
between the axle surface and the clamp member in each of the
FIGS. 6-8 configurations. In this way, the clamping force is
not applied from the clamp 34 to either of the upper and

lower side surfaces 42, 44 of the axle 24.

Note, also, that the clamp member 36 is internally
radiused (see radius R) near or at a location L where the
clamp member contacts the curved corners 46 of the axle 24.
Preferably, the clamp radius R is consistently larger than
the axle radius r, although the clamp radius R can vary, as

described more fully below.

In each of the FIGS. 6-8 configurations, the location L
of contact between the clamp member 36 and the axle 24 is
laterally offset inwardly relative to an inner surface of

the wall 48 of the axle. This lateral offset 1 is greatest
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in the FIG. 6 configuration, and is least in the FIG. 7

configuration.

However, it is generally preferred for the location L
to not be laterally offset from the walls 48, but to instead
be between inner and outer surfaces of the wall, in order to
enhance a resistance to buckling of the axle due to the
compressive clamping force applied by the clamp 34. In this
regard, the walls 48 being referred to are the vertical
walls of the axle 24, and the inner and outer surfaces are
the vertical surfaces of the walls. In some examples,
however, the walls 48 may not be exactly vertical (e.g., the
walls could be inclined somewhat, etc.). In any event, the
walls 48 being referred to are the walls being clamped

between the clamp members 36, 38.

Referring additionally now to FIGS. 9 & 10, enlarged
scale cross-sectional views of examples of the clamp 34
configuration are representatively illustrated. In these
views, some relative dimensions of the clamp member 36 and
axle 24 have been somewhat exaggerated, so that certain

features are more easily seen.

In the FIG. 9 configuration, the axle corner 46
contacts the clamp member 36 at a generally planar surface
50 formed in the clamp member. The planar surface 50 can
extend a distance D sufficient to accommodate an expected

range of dimensional variations in the axle 24.

The radius R is formed on opposite sides of the planar
surface 50. In the FIG. 9 configuration, the radius R is
constant, but in other examples the radius could vary (with,

for example, an elliptical or parabolic form).

For example, the radius R can decrease in a direction
away from the planar surface 50 (and away from the location

L of contact between the clamp member 36 and the corner 46).
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However, preferably at all points the radius R is greater
than the radius r of the corner 46 (although in some

examples the radius R could be equal to the radius r).

In the FIG. 9 configuration, the location L of contact
between the clamp member 36 and the corner 46 is not
laterally offset from an inner surface of the wall 48. Thus,
the lateral offset 1 is zero in this example. However, the
location L of contact between the clamp member 36 and the
corner 46 could be laterally offset inward from the inner
surface of the wall 48, or could be between the inner and

outer surfaces of the wall, if desired.

In the FIG. 10 configuration, the planar surface 50 is
not formed in the clamp member 36. Instead, the clamp member
36 contacts the corner 46 at the radius R, which extends in

opposite directions from the location L of contact.

In this example, the radius R can decrease in opposite
directions away from the location L of contact. For example,
the radius R could have an elliptical or parabolic form, or
could otherwise continuously vary in opposite directions

away from the location L.

It is not necessary for the radius R to vary, or for
the radius R to vary in a same manner, on both opposite
sides of the location L. In the FIG. 10 example, different
sections of the radius R (indicated as RI and R2 in FIG. 10)
vary in different manners (the radius RI decreases in a
direction away from the location L, and the radius R2 does

nhot vary).

Of course, as dimensions of the axle 24 vary, the
location L of contact can also vary, and so it is
contemplated that the radius R can continuously decrease in
at least one direction away from the location of contact.

However, it should be understood that it is not necessary
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for the radius R to continuously decrease in any direction,
since in some examples the radius R could decrease non-
continuously or in steps, or the radius may not decrease at
all. Indeed, it is not necessary for the radius R to be
provided in the clamp member 36 at all (e.g., planar

surfaces could be used instead).

In the FIG. 10 configuration, the location L of contact
between the clamp member 36 and the corner 46 is not
laterally offset inwardly from the wall 48 of the axle 24,
but is instead between the inner and outer surfaces of the
wall. The lateral offset 1 is negative in this example.
However, the lateral offset 1 could be zero or positive in

the FIG. 10 configuration, if desired.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
suspension system design and construction. In examples
described above, various types of axle dimensional
variations can be accommodated by the clamp 34, while still
allowing the axle 24 to be secured to the spring beam 30,
and without a clamping force of the clamp causing buckling

of the axle.

More specifically, the above disclosure provides to the
art a vehicle suspension system 10 including an axle 24
having generally planar upper and lower side surfaces 42,
44, and a clamp 34 that secures the axle 24 in the
suspension system 10. The clamp 34 secures the axle 24
without contacting the axle upper and lower side surfaces

42, 44.

The clamp 34 applies a clamping force to the axle 24,
but the axle upper and lower side surfaces 42, 44 can be
free of any of the clamping force. The clamping force may be

applied only to corners 46 of the axle 24.
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In some examples, a non-constant radius R of the clamp
34 contacts the axle 24. The radius R may be continuously
varied. The radius R can decrease in a direction away from a

location L of contact between the clamp 34 and the axle 24.

The clamp 34 may contact the axle 24 only at curved
corners 46 of the axle. A radius R of the clamp 34 may apply
a clamping force to a radius r of the axle 24, with the

clamp radius R being greater than the axle radius r.

In some examples, a generally planar surface 50 of the
clamp 34 applies a clamping force to a curved corner 46 of
the axle 24. In some examples, the clamping force is applied
only at a location L laterally between inner and outer

surfaces of a wall 48 of the axle 24.

Also provided to the art by the above disclosure is a
vehicle suspension system 10 which, in one example, includes
an axle 24 having a generally hollow rectangular cross-
section with curved corners 46, and a clamp 34 that secures
the axle 24 in the suspension system 10. The clamp 34
applies a clamping force only to the curved corners 46 of

the axle 24.

In some examples, radii R of the clamp 34 apply the
clamping force to radii r of the axle 24. The clamp radii R

can each be greater than or equal to the axle radii r.

The above disclosure also describes a vehicle
suspension system 10 that includes an axle 24, and a clamp
34 that secures the axle in the suspension system 10. In
this example, a radius R on the clamp 34 contacts the axle
24, and the radius R decreases in a direction away from a

location L of contact between the clamp 34 and the axle 24.

Although various examples have been described above,

with each example having certain features, it should be



10

15

20

25

30

WO 2016/022127 PCT/US2014/050144

understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” *“lower,” etc.) are used for convenience in
referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting

sense in this specification. For example, if a system,
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method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A vehicle suspension system, comprising:

an axle having generally planar upper and lower side

surfaces; and

a clamp that secures the axle in the suspension system,

wherein the clamp secures the axle without contacting the

axle upper and lower side surfaces.

2. The suspension system of claim 1, wherein the
clamp applies a clamping force to the axle, and wherein the
axle upper and lower side surfaces are free of any of the

clamping force.

3. The suspension system of claim 2, wherein the

clamping force is applied only to corners of the axle.

4. The suspension system of claim 1, wherein a non-

constant radius of the clamp contacts the axle.

5. The suspension system of claim 4, wherein the

radius is continuously varied.

6. The suspension system of claim 4, wherein the
radius decreases in a direction away from a location of

contact between the clamp and the axle.
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system of claim 1, wherein the

clamp contacts the axle only at curved corners of the axle.

8. The suspension

system of claim 1, wherein a radius

of the clamp applies a clamping force to a radius of the

axle, and wherein the clamp radius is greater than the axle

radius.

9. The suspension
generally planar surface

force to a curved corner

10. The suspension
clamp applies a clamping

axle, the clamping force

system of claim 1, wherein a
of the clamp applies a clamping

of the axle.

system of claim 1, wherein the
force to a curved corner of the

being applied only at a location

laterally between inner and outer surfaces of a wall of the

axle.
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11. A vehicle suspension system, comprising:

an axle having a generally hollow rectangular cross-

section with curved corners; and

a clamp that secures the axle in the suspension system,
wherein the clamp applies a clamping force only to the

curved corners of the axle.

12. The suspension system of claim 11, wherein a non-

constant radius of the clamp contacts the axle.

13. The suspension system of claim 12, wherein the

radius is continuously varied.

14. The suspension system of claim 12, wherein the
radius decreases in a direction away from a location of

contact between the clamp and the axle.

15. The suspension system of claim 11, wherein the
axle has generally planar upper and lower side surfaces, and
wherein the clamp secures the axle without contacting the

axle upper and lower side surfaces.

16. The suspension system of claim 15, wherein the
axle upper and lower side surfaces are free of any of the

clamping force.

17. The suspension system of claim 11, wherein the
clamp contacts the axle only at the curved corners of the

axle.
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18. The suspension system of claim 11, wherein radii
of the clamp apply the clamping force to radii of the axle,
and wherein the clamp radii are each greater than the axle

radii.

19. The suspension system of claim 11, wherein
generally planar surfaces of the clamp apply the clamping

force to the curved corners of the axle.

20. The suspension system of claim 11, wherein the
clamping force is applied only at locations laterally

between inner and outer surfaces of walls of the axle.
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21. A vehicle suspension system, comprising:
an axle; and

a clamp that secures the axle in the suspension system,
wherein a radius on the clamp contacts the axle, and wherein
the radius decreases in a direction away from a location of

contact between the clamp and the axle.

22. The suspension system of claim 21, wherein the
axle has generally planar upper and lower side surfaces, and
wherein the clamp secures the axle without contacting the

axle upper and lower side surfaces.

23. The suspension system of claim 21, wherein the
clamp applies a clamping force to the axle, and wherein the
axle upper and lower side surfaces are free of any of the

clamping force.

24. The suspension system of claim 23, wherein the

clamping force is applied only to corners of the axle.

25. The suspension system of claim 21, wherein the

radius is continuously varied.

26. The suspension system of claim 21, wherein the

clamp contacts the axle only at curved corners of the axle.

27. The suspension system of claim 21, wherein the
radius of the clamp applies a clamping force to a radius of

the axle, and wherein the clamp radius is greater than the



10

WO 2016/022127 PCT/US2014/050144

- 18 -

axle radius at the location of contact between the clamp and

the axle.

28. The suspension system of claim 21, wherein a
generally planar surface of the clamp applies a clamping

force to a curved corner of the axle.

29. The suspension system of claim 21, wherein the
location of contact between the clamp and the axle is
laterally between inner and outer surfaces of a wall of the

axle.
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