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(57) La présente mvention concerne un ressort (10) (57) An elastomeric spring (10) comprises a body (11) of
clastomere comprenant un corps (11) de maternau clastomeric material which extends between a pair of
¢lastomere s’¢tendant entre une paire de régions (12, 13) opposed end regions (12, 13) whereby compression
d’extremit¢ opposces, sur lequel des forces de  forces acting in a first direction (16) on said end regions
compression agissant dans une premiere direction (16) are resisted by compression of the elastomeric body, the
sur lesdites regions d’extremite resistent par  body (11) of elastomeric material being of a substantially
compression du corps ¢lastomere. Ledit corps (11) de symmetrical shape as considered in cross section about a
materiau  ¢lastomere est de forme sensiblement — major axis (16) of the spring extending in said first
symetrique, comme mndique dans la coupe transversale direction, and substantially hollow 1n the vicinity of at
effectuce autour d’un axe (16) principal du ressort, least one (13) of said end regions, said body (11) of
s’¢tendant dans une premiere direction. Le ressort est  elastomeric material being of progressively increasing

sensiblement creux a proximite d’au moins 1'une des external cross-sectional dimension over afirstpart (21)
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regions d’extrémaite du corps (11) de materiau €lastomere
dont la dimension tranversale externe augmente
progressivement sur une premiere partie (21) de la
longueur dudit corps s’¢tendant a partir d’'une premiere
(12) région d’extrémite et dont la dimension transversale
externe augmente progressivement vers une seconde
partie (22) de la longueur dudit corps s’¢tendant vers une
seconde (13) région d’extremite. Un <¢lément de
renforcement sensiblement inextensible est incorpore au
corps (11) de matériau €lastomere et y est reli€ dans une
position situce entre la premicre et la seconde partie (21,
22) de la longueur du corps, le corps (11) de matériau
¢lastomere €tant creux sur une distance qui s’étend dans
une premiere direction (16) a partir d’une (13) au moins
des régions d’extrémites, au dela de la position dans
laquelle ledit €lément (17) de renforcement repose entre
les régions (12, 13) d'extrémite. La dimension
transversale externe du corps (11) de matériau
¢lastomere augmente sur une partie de la longueur du
corps qui s’¢tend de I"'¢lément (17) de renforcement a la
seconde partie (22).
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of the length of the body extending from a first (12) of
said end regions and of progressively decreasing external
cross-sectional dimension over a second part (22) of the
length of the body extending to a second (13) of said end
regions, a substantially 1extensible remnforcement
member (17) embedded 1n and bonded to said body (11)
of elastomeric matenial at a position between said first
and second parts (21, 22) of the length of the body, the
body of elastomeric material bemmg hollow over a
distance which extends, 1n said first direction (16), from
said at least one (13) of said end regions to beyond the
position at which said reinforcement member (17) lies
between the end regions (12, 13), and the body of
clastomeric material bemng of progressively increasing
external cross-sectional dimension over a part (24) of the
length of the body extending from the remforcement
member (17) to said second part (22).
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the spring extending in said first direction, and substantially hollow in

reinforcement member (17) to said second part (22).
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An elastomeric spring (10) comprises a body (11) of elastomeric material which extends between a pair of opposed end regions (12,
13) whereby compression forces acting in a first direction (16) on said end regions are resisted by compression of the elastomeric body,
the body (11) of elastomeric material being of a substantially symmetrical shape as considered in cross section about a major axis (16) of

of elastomeric material being of progressively increasing external cross—sectional dimension over a first part (21) of the length of the body
extending from a first (12) of said end regions and of progressively decreasing external cross—sectional dimension over a second part (22) of
the length of the body extending to a second (13) of said end regions, a substantially inextensible reinforcement member (17) embedded in
- and bonded to said body (11) of elastomeric material at a position between said first and second parts (21, 22) of the length of the body, the
body of elastomeric material being hollow over a distance which extends, in said first direction (16), from said at least one (13) of said end
regions to beyond the position at which said reinforcement member (17) lies between the end regions (12, 13), and the body of elastomeric
material being of progressively increasing external cross—sectional dimension over a part (24) of the length of the body extending from the
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SPRING
- This invention relates to a spring and in particular, though not
exclusively, to an elastomeric spring of a kind which is intended normally to
withstand compression load in a first direction between two opposed end
regions of the spring whilst permitting a degree of substantially free relative
movement between said end regions of the spring in a plane which is
generally transverse relative to said first direction.

One known spring of the aforementioned kind is described in the
specification of GB-A-2156947.

The ability of a spring to permit substantially free relative movement
In a transverse direction usually can be improved by increasing the length of
the spring in said first direction, but that requires an increase in the overall
space envelope and may not be acceptable. Also the weight of the spring
and cost of materials is increased. |

The present invention seeks in particular, though not exclusively, to
provide a spring which, in comparison with a conventional spring, has an
improved ability to permit substantially free relative movement in a
transverse direction without any substantial increase in the length of the
spring In the direction in which normally it is loaded in compression.

In accordance with the present invention, an elastomeric spring
comprises a body of elastomeric material which extends between a pair of
opposed end regions, each end region being bonded to a respective one of
ma pair of rigid end members whereby compression forces acting in a first
direction on said rigid end members are resisted by compression of the
elastomeric body, the body of elastomeric material being of a substantially
symmetrical shape as considered in cross-section about a major axis of the
spring extending in said first direction, the body of elastomeric material being
substantially hollow in the vicinity of at least one of said end regions, said
body of elastomeric material being of progressively increasing external cross-

sectional dimension over a first part of the length of the body extending from

witNDED SHEET
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a first of said end regions, the body comprising a second part which extends
to a-second of said end re"gi‘ons and the external profile of the body
comprising two portions of convex shape as considered in a plane which
contains the major axis of the body, a substantially inextensible
reinforcement member embedded in and bonded to said body of elastomeric
material at a position between said first and second parts of the length of the
body and extending radially outwards from said bonded position, and the
body of elastomeric material being of a progressively increasing external
cross-sectional dimension over a part, hereinafter referred to as a fourth part,
of the length of the body extending from the reinforcement member to said

second part, the body of elastomeric material being hollow over a distance

which extends, in said first direction, from at least one of said end regions”

to beyond the position at which said reinforcement member lies between the
end regions, that part of the body of elastomeric material which Iie’s
between the second end region and the reinforcement member having a
maximum external dimension which is greater than that of the part of the
body between the reinforcement member and the first end region, and the
maximum external dimension of the bonded area of the first end region being
less than the maximum external dimension of the bonded area of the second
end region.

Preferably the substantially inextensible reinforcement member does

not form a complete division between elastomeric material of the first and
second end regions. Therefore the body of elastomeric material may extend
continuously between said end regions.

The reinforcement member may be annular. The body of elastomeric
material may be of circular shape in cross-section and the inner boundary of
the reinforcement member may have a diameter greater than the inner
diameter of the elastomeric body at a transverse plane containing the
reinforcement member so that the body surface which defines the hollow is

not interrupted by the reinforcement member.

AMENDED SHEET
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The reinforcement member may be planar, and may be constructed
from-sheet material such as sl%éet metal.

The second part of the length of the body optionally may be of
progressively decreasing external cross-sectional dimension in a direction
from said fourth part to said second of said end regions.

The body of elastomeric material may have a profile which, as
considered in a longitudinal cross-section, in a plane containing said major
axis, is waisted. The reinforcement member and waisted region may lie at
the same axial position between the end regions.

The body of elastomeric material may be of a progressively decreasing
external cross-sectional dimension over a third part of the length of the body
extending from the first part to the reinforcement member.

Preferably said first part, or first and fourth parts, of progressively
Increasing diameter occupies at least 50% and more preferably between 66
and 90% of the length of the body.

One or each of the end regions may be bonded to a metal plate.

Preferably the body of elastomeric material is substantially hollow at
least at the second end region. The part of the body of elastomeric material
lying between the second end region and reinforcement member may have
a maximum external dimension which is greater than that of the part of the
body between the reinforcement member and the first end region. Thus the
maximum outer dimension between the aforementioned second and fourth
”_parts may be greater than that between the first and third parts.

The reinforcement member may extend outwards to have an outer
boundary which extends outwards from said major axis by a distance at least
as great as the maximum external dimension of the body of elastomeric
material. The outer boundary of the reinforcement member may extend
outwards beyond said maximum external dimension of the elastomeric body
by at least 25% of the length of the body. It may extend beyond by at least
50% of said length.

AMENDED SHEET
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The reinforcement member may be selected in size so as always to
extend outwards from the majbf axis to beyond the elastomeric body, or at
least part of the body neighbouring the reinforcement member, when the
elastomeric spring is subjected simultaneously to maximum shear and
compression loads.

The inner boundary of the reinforcement member may lie radially
closer to the major axis of the elastomeric body than the maximum radial
extent of the hollow end region of the elastomeric body. Said inner
boundary may lie radially inwards relative to the maximum radial extent of
a bonded area at the first end region of the elastomeric body.

Preterably the body of elastomeric material is substantially hollow over

at least 50% and more preferably over at least 70% of the length of thé'

spring. |t may be substantially tubular. It may have a closed end region; a
vent passage may extend axially through a closed end region to
communicate with the hollow cavity.

Preferably the maximum external dimension of the spring as
considered in a cross-sectional plane perpendicular to the major axis is at a
position where the cross-section of the body is annular, i.e. at a hollow
portion.

Preferably, as considered in a plane containing the major axis of the

body, the external profile of the body is curved over the first, second and

fourth parts and preferably also over any third if provided.

The body of elastomeric material as considered in a cross-sectional
plane perpendicular to the major axis preferably is of a generally circular
external profile, and also of generally circular internal profile where hollow
thereby to result in a spring having substantially uniform load-deflection
properties in all transverse directions perpendicular to the major axis.
Where, however, non-uniform properties are sought either or both of said

internal and external profiles may be non-circular, an elliptical profile being
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considered particularly useful tfor many applications.

The body of elastomeric material may comprise two or more
substantially inextensible reinforcement members provided at positions
spaced apart in said first direction.

An inextensible reinforcement member may be of flexible material, or
it may be substantially rigid. It may be formed with a plurality of apertures
and moulded elastomeric body material lying either side of the reinforcement
member may interconnect through said apertures.

The spring may be used in series with an air spring and may have a
through passage comprising said hollow region for the purpose ot aliowing
air to flow to and from the air spring.

With the exception of the substantially inextensible reinforcement
member{s) and any rigid end plates the spring per se and an installation
incorporating the spring preferably is devoid of structure which restricts
deformation of the body of elastomeric material in normal use of the spring.

Two or more of said bodies of elastomeric material may be arranged
in series with one another. In this arrangement the end region of one spring
may be formed of elastomeric material and said material fnay be contiguous
with the elastomeric material of the end region of the next successive body.
Alternatively, for example, a single rigid member may be provided between
and bonded to the end faces of two successive bodies of elastomeric
material or each of two confronting end regions may comprise a rigid
member, means being provided for securing together said two rigid
members.

When two bodies are arranged in series, preferably they are arranged
with their first end regions in proximity in the case of bodies having first end
regions which are closed.

Preferably the hollow portion of the body of elastomeric material
defines at least in part a cavity which is at ambient pressure
notwithstanding defiection of the spring. Thus when the second of the end
regions comprises a rigid plate and the hollow does not extend to the other

end, it is preferred that said plate be formed with an opening which is In
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communication with the hollow cavity thereby to permit the flow of air or
other ambient medium to or from the cavity.

Preferably at least when in situ in a suspension the body of
elastomeric material is arranged such that when undergoing compression in
said first direction the external surface of the body over that part, the
second part, which is of progressively decreasing external dimension
progressively comes into contact with and Is supported by a rigid support
member. Said rigid support member may be comprised by an outer region

of an end plate bonded to the body of elastomeric material or may be

independent of said plate.
Embodiments of the present invention will now be described, by way

of example, with reference to the accompanying diagrammatic drawings

wherein:
Figure 1 is a sectional view of a spring in accordance with the
present invention in an unloaded condition,
Figure 2 is a cross-sectional view on the line 2-2 of Figure 1;
Figure 3 is a view similar to that of Figure 1 showing the spring

under compression, and

Figures 4 and 5  are sectional views of springs in accordance with

two other embodiments of the invention.

A spring 10 comprises a body 11 of elastomeric material of generally
circular cross-sectional shape and located between and bonded to metal end
plates 12,13.

The body 11 has a hollow internal cavity 15 which extends over
approximately 90% of the length of the spring in the direction of the major

compression axis 16 about which the body 11 is symmetrical. The cavity

15 extends from a second of the rigid end plates 13, which is of an annuiar

“shape, and progressively reduces in cross-section to the closed end near the

first end plate 12.
An inextensible and substantially rigid annular metal reinforcement

plate 17 is embedded in the body 11 and lies symmetrically positioned about

the major axis 16, in a transverse plane which is perpendicular to that axis.
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The reinforcement plate 17 has an inner boundary 18 of a larger
diameter than that of the cavity 15 in the transverse plane of the plate so
that the elastomeric material extends continuously between opposite sides
of ihe plate. The inner surface 19 of the body defining the cavity therefore
is uninterrupted by the plate 17/.

The reinforcement plate has an outer boundary 20 which lies
outWards of the elastomeric material bonded to either side of the plate. The
outer boundary has a diameter which at the least corresponds to the
maximum outer diameter of the body 11.

The body 11 of elastomeric material has, adjacent the first end plate
12, a first part 21 of progressively increasing diameter as considered in 3
direction away from the first end plate 12 towards the second end plate 13.
A second part 22 of progressively decreasing diameter extends, in said
direction, to contact the second end plate 13.

Said first part 21 of the length of the body is separated from the
reinforcement plate 17 by a third part 23 of progressively decreasing
diameter as considered in said direction from the first to the second end
plate.

Said second part 22 of then length of the body Is separated from the
reinforcement plate 17 by a fourth part 24 of progressively Increasing
diameter, also as considered in said direction from the tirst to the second
end plate.

The outer region of the first plate 12 provides an abutment surface
for the outer surface of the first part 21 of the body 11 when the spring is
compressed axially along the axis 16. Similarly the respective sides of the
reinforcement plate 17 provide abutment surfaces tor the third and fourth
parts 23,24 of the body and the second end plate 13 provides an abutment
for the second part 22 of the body.

A vent passage (not shown) may be provided in the axial end region
25 to extend in the direction of axis 16 through the body 11 and plate 12.

Figure 3 shows the spring in compression and with the end and

reinforcement plates 12,13,17 providing support for respeCtiVe parts of the
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external surface regions of the elastomeric body 11.

Provision of the reinforcement plate 17 is found to give the spring a
surprisingly good ability to accommodate relative transverse movement
between its ends as compared with a conventional spring of similar
compression loading capability. Conversely, as compared with a
conventional spring having a similar capability for transverse flexibility, a
spring in accordance with the present invention is able to withstand a
greater compression loading, or may be of shorter length.

Figure 4 shows a spring 25 in accordance with a second embodiment
of the invention. It is constructed substantially similar to that shown in
Figure 1 except that the outer boundary 26 of the reinforcement plate 27/
lies outwards of the region 28 of maximum diameter of the body 29 by a
distance which is 50% of the length of the body between the end plates
30,31. |

Figure 5 shows another embodiment in which a spring 32 omits the
third body part 23 of Figure 1. In this embodiment the first part 33 of the
body extends the fuil distance from one end plate 34 to the reinforcement
piate 35. The embodiment of Figure © also differs from the preceding
embodiments in that the second part 36 is not of a progressively decreasing
external cross-sectional dimension in a direction towards the second end
region 37. The second part 36 is substantially cylindrical in shape, and the
fourth part 38 occupies most of the axial length between the reinforcement
plate 35 and the second en'd plate 39.

Springs in accordance with the present invention are particularly
suitable for use in vehicle suspensions such as, for example, a vehicle
suspension of the kind the subject of our UK Patent Application No.
8408167.

A spring of a kind in accordance with the present invention is suitable
for use within the chamber of an air spring, such as that de$cribed N the
aforesaid Application, for the purpose of providing support in the event of
partial or complete depressurisation of the air chamber. A spring «n

accordance with the present invention additionally may be employed

- e e A S vy A o R gk ¢ ekt ] b by v M R B R L .--mq4\““T—~‘.m-mm»m.uwwnm‘a—-p---- e e .
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external of an air spring, in series therewith to withstand the compression

load to which the vehicle suspension is subject during normal usage.
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CLAIMS:

1. _ An elastomeric spring (10) comprising a body (11) of elastomeric
material which extends between a pair of opposed end regions, each end
region being bonded to a respective one of a pair of rigid end members
(12,13) whereby compression forces acting in a first direction (16) on said
rigid end members are resisted by compression of the elastomeric body, the
body of elastomeric material being of a substantially symmetrical shape as
considered in cross-section about a major axis (16) of the spring extending
in said first direction, the body of elastomeric material being substantially
hollow In the vicinity of at least one (13) of said end regions, said body of
elastomeric matenal being of progressively increasing external cross-sectional
dimension over a first part (21) of the length of the body extending frorr.1 a
first (12) of said end regions, the body comprising a second part .(22) which
extends to a second (13) of said end regions and the external profile of the
body comprising two portions (21,22) of convex shape as considered in a
plane which contains the major axis (16) of the body, a substantially
inextensible reinforcement member (17) embedded in and bonded to said
body (11) of elastomeric material at a position between said first and second
parts (21,22) of the length of the body and extending radially outwards (20)
from said bonded position, and the body of elastomeric material being of a
progressively increasing external cross-sectional dimension over a part (24),

hereinafter referred to as a fourth part, of the length of the body extending

- from the reinforcement member (17) to said second part (22), characterised

in that the body (11) of elastomeric material is hollow (15) over a distance
which extends, in said first direction, from at least one of said end regions
(13) to beyond the position at which said reinforcement member (17) lies
between the end regions, that part of the body of elastomeric material
which lies between the second end region and the reinforcement member
has a maximum external dimension which is greater than that of the part of
the body between the reinforcement member (17) and the first end region
(12), and the maximum external dimension of the bonded area of the first

end region (12) is less than the maximum external dimension of the bonded

AQ .‘.':\;r*.r"r-. ~
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area of the second end region (13).

2. An elastomeric spring- according to Claim 1, wherein said
reinforcement member (17) provides only a part division between elastomeric
material of the first and second end regions (12,13).

3. An elastomeric spring according to Claim 1 or Claim 2, wherein said
reinforcement member (17) is annular.

4. An elastomeric spring according to Claim 3, wherein the body (11) of
elastomeric material is circular in cross-section and the inner boundary (18)
of the reinforcement member has a diameter greater than the inner diameter
(19) of the elastomeric body at a transverse plane which contains the
reinforcement member (17).

5. An elastomeric spring according to any one of the preceding Clairr;s,'*
wherein the reinforcement member (17) is planar.

0. An elastomeric spring according to any one of the preceding Claims,
wherein the bonded surfaces of the rigid end members (12,13) are
substantially planar.

7. An elastomeric spring according to any one of the preceding Claims,
wherein the elastomeric body (11) has a waisted profile as considered in
cross-section in a plane containing said major axis (16).

8. An elastomeric spring according to Claim 7, wherein the reinforcement

member (17) and waisted region lie at the same axial position between the

end regions.

9. An elastomeric spring according to any one of the preceding Claims,

wherein the body (11) of elastomeric material is of a progressively
decreasing external cross-sectional dimension over a third part (23) of the
length of the body extending from the first part (21) to the reinforcement
member (17).

10. An elastomeric spring according to any one of the preceding Claims,
wherein the body (11) of elastomeric material is of a progressively
decreasing external cross-sectional dimension over said second part (22) in
a direction from said fourth part (24) to said second (13) of said end regions.

11. An elastomeric spring according to any one of the preceding Claims,

AMENDED SHEET
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wherein said first and fourth parts (21,24) comprise at least 50% of the
length.of the body (11).

12.  An elastomeric spring according to any one of the preceding Claims,
wherein the elastomeric body (11) is of a substantially solid cross-section at
the first end region (12).

13. An elastomeric spring according to any one of the preceding Claims.
wherein, in the absence of applied load, the reinforcement member (17) has
an outer boundary (20) which extends outwards from said major axis (16)
by a distance at least as great as the maximum external dimension of the
first part (21) of the length of the body.

14. An elastomeric spring according to any one of the preceding Claims,

wherein, in the absence of applied load, the reinforcement member (17) has

an outer boundary (20) which extends outwards from said major axis (16)
by a distance at least as great as the maximum external dimension of the
body of elastomeric material.

15. An elastomeric spring according to Claim 14, wherein said
reinforcement member (17) extends outwards beyond the maximum external
dimension of the body of elastomeric material by at least 25% (twenty five
percent) of the length of the body of elastomeric material.

16. An elastomeric spring according to Claim 15, wherein said
reinforcement member (17) extends outwards beyond the maximum external

dimension of the body of elastomeric material by at least 50% (fifty percent)

~ of the length of the body of elastomeric material.

17. An elastomeric spring according to any one of the preceding Claims,
wherein the body (11) of elastomeric material is substantially hollow (15)
over at least 50% of the length of the spring.

18. An elastomeric spring according to any one of the preceding Claims,
wherein the body (11) of elastomeric material has a closed end region (12).
19. An elastomeric spring according to Claim 18, wherein a vent passage
extends axially through said closed end region.

20. An elastomeric spring according to any one of the preceding Claims

and comprising at least two substantially inextensible reinforcement

A oqv; E N C‘ ’:'
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members which are spaced apart in said axial direction.

21. - An elastomeric spring according to any one of the preceding Claims,
wherein the reinforcement member (17) is substantially rigid.

22. An elastomeric spring according to any one of the preceding Claims,
wherein the reinforcement member comprises a plurality of apertures and the
elastomeric body material extends through said apertures.

23. An elastomeric spring according to any one of the preceding Claims
wherein the outer boundary of the bonded interface at one side of the
reinforcement member is the same as that at the other side of the
reinforcement member.

24. An elastomeric spring according to any one of Claims 1 to 22, wherein

the outer boundary of the bonded interface at one side of the reinforcement

member is greater than at the other side of the reinforcement member.
25. An elastomeric spring according to Claim 24, wherein said bonded
iInterface which faces the first end region has the outer boundary of greater
size.

26. An elastomeric spring according to any one of the preceding Claims,
wherein in normal use of the spring deformation of the body (11) of
elastomeric material between the ends thereof is restricted only by the
substantially inextensible reinforcement member(s) (17).

27. An elastomeric spring according to Claim 1 and substantially as
hereinbefore described.

'28. An elastomeric spring assembly comprising an elastomeric spring
according to any one of the preceding Claims in series with an air spring.
29. An assembly according to Claim 28, wherein the elastomeric spring

comprises a through passage for flow of air to and from the air springs.

30. An elastomeric spring assembly comprising a series arrangement of at

least two elastomeric springs each of which is an elastomeric spring

according to any one of Claims 1 to 27/.

31. An elastomeric spring assembly according to Claim 28 or Claim 30

and substantially as hereinbefore described.
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