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ANNULAR BELLOWS UNIT FOR VEHICLE
SUSPENSION

RELATED APPLICATION

This application is a continuation-in-part of application
Ser. No. 09/823,567, filed on Mar. 30, 2001, now U.S. Pat.
No. 6,332,602, which is incorporated herein by this refer-
ence.

BACKGROUND

The present invention relates to vehicle suspensions, and
more particularly to biasing elements for, and aftermarket
conversions of, such suspensions.

Many types of vehicle suspension arrangements are well
known. In recent years, it has become common to provide
coil springs as biasing elements, with damping elements,
commonly known as shock absorbers, connected between
frame or unibody portions of the vehicle and suspension
elements such as axle housings and pivotable arm members.
In many cases, telescopic shock absorbers are mounted
generally concentrically with coil springs. An examplary
configuration has a spindle mount pivotally connected
between upper and lower A-arms, a coil spring and coaxial
shock absorber being interposed between the lower A-arm
and a fixed point on the chassis. Another such configuration,
known as the McPherson system, having a short axle hous-
ing or spindle rigidly connected at a bottom extremity of a
shock absorber, a top extremity of the shock absorber being
pivotally mounted to the vehicle chassis. A pivoting linkage
locates the shock absorber bottom extremity and (for front
suspensions, a suitable steering linkage) rotationaly orients
the bottom extremity relative to a longitudinal axis of the
shock absorber, a camber alignment of the suspension being
maintained by the rigid connection of the axle housing or
mount to the shock absorber. In this configuration, the
unitary combination of the shock absorber, spring, and
spindle or axle housing is known as a “McPherson strut”.

In a significant number of cases, it is desired to change the
ride height of the vehicle or other characteristics of the
suspension. Accordingly, it has been common to substitute
different springs and/or suspension components having dif-
ferent geometry. Also, increased ride height is sometimes
achieved by inserting spacers between springs and con-
nected suspension components.

A recent development is air suspension, wherein pressur-
ized bellows are substituted for coil springs. However, the
pressurized bellows of the prior art are incompatible with
concentric mounting of shock absorbers. Another recent
development is shock absorbers that are configured for
receiving pressure air for selectively increased ride height,
the pressure air augmenting conventional springs. A further
development is hydraulic actuators that are substituted for
conventional shock absorbers, the actuators being operable
for changing the ride height. In typical “low-rider”
applications, a downwardly extending piston rod of a
hydraulic actuator connects to a lower suspension A-arm in
place of a conventional shock absorber, an oppositely
extending cylinder body being connected through a cut-
down portion of the original coil spring to the vehicle
chassis. An electrically driven pump feeds the single-acting
actuator to change the ride height in response to operator
input. A principal disadvantage of the low-rider actuators of
the prior art is that they produce a particularly harsh ride
with substantially no spring action because only about half
of the original spring is utilized.

Thus there is a need for an adjustable vehicle suspension
biasing element that is compatible with concentric shock
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absorber mounting and otherwise overcomes disadvantages
of the prior art.

SUMMARY

The present invention meets this need by providing an
annular bellows unit that is particularly effective for use as
an aftermarket vehicle suspension biasing element to replace
a coil spring interposed between upper and lower spring
mounts, the suspension also having a telescopic shock
absorber or other element connected relative to the upper
and lower spring mounts. In one aspect of the invention, the
bellows unit includes an outer bellows having first and
second ends; an annular first flange member sealingly con-
nected at the first end of the outer bellows; an annular second
flange member sealingly connected at the second end of the
outer bellows; an inner bellows sealingly connected between
the first and second flange members within the outer bellows
member, a closed chamber being formed between the outer
and inner bellows; and a fill passage extending through the
second flange member in fluid communication with the
chamber and having a fill port for pressurizing the chamber.
Accordingly, a clearance passage for the telescopic element
extends through the inner bellows and the annular flange
members. One end of the inner bellows can encloses a
portion of one of the flange members, an inner clamp ring
clamping the end of the inner bellows to that flange member,
which can also have a depression formed therein for engag-
ing an inwardly extending projection that is formed on the
one end of the inner bellows. The inwardly extending
projection of the inner bellows can be ring-shaped, and the
depression formed in the corresponding flange member can
include a circular groove. Also, the inner bellows can have
an inner bead-reinforcing ring aligned with the inwardly
extending projection for reinforcing the inner bellows
between the inner clamp ring and the circular groove.

One end of the outer bellows can encloses a portion of a
corresponding flange member, the bellows unit also having
an outer clamp ring clamping the outer bellows end to that
flange member. The one end of the outer bellows can have
an inwardly extending projection, and the corresponding
flange member can have a depression formed therein for
receiving by the projection. Alternatively, the depression can
include a peripheral groove, and the outer clamp ring can
deform a ring-shaped portion of the outer bellows into the
groove.

The inner bellows can include a plurality of bellows
segments having facing tapered elements that are joined at
their outer peripheral extremities, with adjacent segments
being joined between facing inner peripheral extremities of
adjacent elements, respective outside reinforcing rings being
connected proximate the facing outer peripheral extremities
of corresponding bellows segments for reinforcing the seg-
ments against outside air pressure. The inner bellows can
also have inside reinforcing rings that are connected proxi-
mate the facing inner peripheral extremities of adjacent
segment elements.

In one preferred variation of the bellows unit, one of the
flange members includes an outer flange and an axially
separable inner flange, and the inner bellows has an out-
wardly projecting bellows flange portion, the bellows flange
portion being sealingly clamped between the outer and inner
flange portions. At least one of the outer and inner flange
portions can have an axially facing depression formed
therein, the bellows flange portion having an axially pro-
jecting enlargement that engages the axially facing depres-
sion.
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In another preferred variation, the bellows unit also
includes a tubular mandrel, and the inner bellows includes a
facing pair of bellows elements and a neck portion that is
joined between inner peripheral extremities of the bellows
elements. The neck portion is reinforced by the mandrel, the
bellows elements tapering axially inwardly toward opposite
ends of the neck portion in an extended condition of the
bellows unit. In a compressed condition of the bellows unit
the bellows elements taper axially outwardly toward the
ends of the neck portion. Thus the bellows elements undergo
axial inversion when the bellows unit moves from the
extended condition to the compressed condition, thereby
facilitating an enhanced travel range of the bellows unit.

At least one end portion of the inner bellows can enclose
an axially projecting extension portion of a corresponding
flange member, an associated bellows element being folded
inside the end portion of the inner bellows, projecting within
the extension portion in the compressed condition of the
bellows unit. Preferably the inner bellows is formed with
respective flex regions at opposite extremities of each of the
bellows elements, thereby facilitating movement between
the extended and compressed conditions of the bellows unit.

DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood with refer-
ence to the following description, appended claims, and
accompanying drawings, where:

FIG. 1 is a fragmentary sectional perspective view of an
annular bellows apparatus substituted for a coil spring of a
vehicle suspension according to the present invention, the
bellows apparatus being in an extended condition;

FIG. 2 is a perspective view as in FIG. 1, showing the
bellows apparatus in a compressed condition;

FIG. 3 is a fragmentary sectional view within region 3 of
FIG. 1, showing an alternative configuration of the annular
bellows;

FIG. 4 is a fragmentary sectional view within region 4 of
FIG. 1, showing another alternative configuration of the
annular bellows;

FIG. § is a fragmentary sectional side view showing an
alternative configuration of the bellows apparatus of FIG. 1;

FIG. 6 is a detail sectional view within region 6 of FIG.
5, depicting the presence of gas pressure within the appa-
ratus;

FIG. 7 is a sectional view as in FIG. 5, showing the
apparatus of FIG. § in a partially compressed condition; and

FIG. 8 is another sectional view as in FIG. 5, showing a
fully compressed condition of the apparatus.

DESCRIPTION

The present invention is directed to an annular bellows
unit that is particularly effective as an aftermarket vehicle
suspension biasing element. With reference to FIGS. 1 and
2 of the drawings, an annular bellows apparatus 10 for a
vehicle suspension 12 includes an outer bellows 14 an inner
bellows 16, an upper flange member 18, and a lower flange
member 20. Opposite ends of the outer bellows 14 are
sealingly clamped onto outer extremities of the upper and
lower flange members 18 and 20 by respective outer clamp
rings 22. The outer bellows 14 has a plurality of outer
bellows segments 24, and generally cylindrical outer exten-
sions 26 being formed at the opposite ends for receiving the
clamp rings 22. The upper and lower flange members 18 and
20 have circular outer groove depressions 28 formed therein
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for receiving respective outer beads 30 that project inwardly
from insides of the outer extensions 26. Also, each of the
outer beads 30 is reinforced by an outer bead ring 32, and an
additional reinforcing ring, designated outer reinforcing ring
34, is located between adjacent ones of the outer bellows
segments 24 for preventing outward expansion of the bel-
lows segments 24 when the bellows apparatus 10 is pres-
surized as described below. The outer bellows 24 is typically
a composite-molded part, the outer bead rings and the outer
reinforcing ring being encapsulated within a resilient poly-
mer. The outer bellows segments 24 are arch-shaped in
longitudinal cross-section, opposite ends of each segment
being inwardly tapered elements, the elements being joined
at outer extremities thereof. The outer bellows 24 as
described above is used in commercially available air sus-
pension devices, known as “air springs”, from Goodyear
Tire & Rubber Co. of Green, Ohio. The outer clamp rings 22
can be adjustable, reusable clamps or, alternatively,
crimped-on rings such as are used in the Goodyear air
springs.

In the exemplary configuration of the annular bellows
apparatus 10, the inner bellows 16 is a generally smaller
diameter counterpart of the outer bellows 14. However, the
inner bellows 16 is configured for withstanding outside air
pressure as contrasted with the outer bellows 14 being
configured to withstand inside pressure. More particularly,
the inner bellows 14 has a plurality of inner bellows seg-
ments 36, with inner extensions 38 being formed at opposite
ends for receiving respective inner clamp rings 40 by which
the inner bellows 16 is sealingly clamped to the upper and
lower flange members 18 and 20 in a manner similar to the
outer bellows 14, the upper and lower flanges 18 and 20
having inwardly facing portions of reduced diameter that
have respective inner groove depressions 42 formed therein
for receiving corresponding inner beads 44 that project
inwardly from the inner extensions 38. The inner beads 44
are reinforced by respective inner bead rings 46, the sealed
connections of the outer bellows 14 and the inner bellows 16
with the upper and lower flanged 18 and 20 being similarly
configured.

Thus, a sealed annular chamber 48 is formed between the
outer bellows 14 and the inner bellows 16 according to the
present invention, while preserving the annular configura-
tion of the bellows apparatus 10, a fill port 49 being provided
in the lower flange member 20 for pressurizing the chamber
48. Thus the bellows apparatus 10 can be combined with a
generally concentric shock absorber 50 in the vehicle sus-
pension 12 as shown in FIG. 1 wherein the apparatus 10 is
in an extended condition, and FIG. 2, wherein the apparatus
in a compressed condition. More particularly, the bellows
apparatus 10 is interposed between a top coil flange 52, and
a bottom coil flange 54 of the suspension 12, a coil spring
formerly biasing apart the coil flanges 52 and 54 having been
removed. If necessary, a clearance opening 56 is formed in
the bottom coil flange 54 for receiving a valve fitting 58 that
projects from the fill port 49, the valve fitting 58 being in
fluid communication with the cavity 48. The shock absorber
50 is conventionally mounted, projecting through the coil
flanges 52 and 54, as well as through the annular bellows
apparatus 10 of the present invention. An extension rod 60
of the shock absorber 50 is connected to a stud plate 62 of
the vehicle suspension 12 in a conventional manner by a
rubber bushing and bearing (not shown). It will be under-
stood that the shock absorber 50 can form a portion of a strut
assembly that conventionally includes a helical coil spring,
the bellows apparatus 10 being substituted for the spring.
Preferably a resilient annular bumper member 64 is
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