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(57) Claim
1. A resilient support for machinery and equipment
comprising:

- an elastomer matrix naving a symmetric structure
with respect to a given axis;

- a plurality of composite material cables embedded
in this elastomer matrix, and

- a plurality of devices for fixing the matrix
allowing said matrix to deflect isotropically under the
action of any flexional forces having comp anents acting
along any one of the three directions of & spatial axis
reference system comprising the axis of symmetry of the
matrix. ’
2. The resilient support as claimed in claim 1, wherein
the elastomer matrix has a symmetric structure in the form
of a cross with arms which are equal and perpendicular to
each other and to the axis of symmetry of the matrix, their
longitudinal axes being oriented in the two directions of
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sald reference system and said cables being embedded in the
arms of the cross parallel to the axis thereof, a fixing
device being provided at the lateral end of each arm
providing a support under flexion in any one of the three
directions of said reference system.
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TITLE OF THE INVENTION
Resilient supports
BACKGROUND OF THE INVENTION

The present invention relates to resilient supports.

Resilient supports having a laminate structure are
known, i.e. formed by a succession of alternate elastomer
layers adhered to metal layers, normally made from steel.

Such a structure is intended especially to operate
under shearing conditions, i.e. to be subjected to forces
perpendicular to the stacking axis (or direction ) formed
by the superpositioning (or juxtapositioning) of the
different layers (although the structure may also work
under compression as well as under traction, but to a
lesser extent).

However, a laminate structure support of the above
type does not allow appreciable deflections to bDe
obtained under a low load, for a given size : e.g. under a
load of 1 to 10 daN, deflections of only 10 to 30 mm under
shraring conditions are obtained.

Now, the need of resilient supports allowing
appreciabla deflection movements, under a low lcad and for
a given size is felt in different technical fields, in
particular, but in no way limitative, for protecting
airborne electronic equipment in the case of accidental
collisions or explosions : in fact, wunder these
circumstances, it is necessary t'o have supports with not
only a large ability to absorb shocks but also the ability
to "accompany" or "follow" the shock wave.

As far as the above laminate structure supports are
concerned, another drawback should be mentioned, in that
their behavior is far from being isotropic with respect to
the three orthogonal directions of a Cartevian reference
system 4 ; in particular, the behavior under
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compression/traction forces along the axis of the stack of
alternate elastomer/metal layers is not comparable to the
behavior under shearing forces along the two axes
perpendicular to each other and to the axis of the stack
in question, particularly because of the presence of
stiffness which is too high in this latter direction.

In addition, the drawback should be noted related to
the presence of a buckling phenomenon of the metal layers.

SUMMARY OF THE INVENTION

The object of the present invention is to provide
resilient supports satisfying the following requirements
simultaneously :

- provision of appreciable deflections, under low
loads and for a given size,:-

- absence of buckling,

- substantially isotropic behavior in at least two
directions of a spatial axis reference system.

Now, in the case of the present invention, it has
been discovered that it is possible to achieve this object
by using a plurality of rods (or cords or cables) made
from a material which has a resilience substantially
greater than that of steel, and formed particularly of
composite materials, which are embedded in an elastomer
matrix having a symmetric structure with respect to a
given direction, allowing it to be subjected to flexional
forces, whatever the spatial orientation of the force to
which the support is subjected. '

Another object of the invention is tuv provide a
resilient support which, while satisfying the above
requirements, has a substantially reduced stiffness when
it is urged in any one of the directions of said spatial
axis reference system.

More precisely the purpose of the present invention
. . . or machinecy and eguipment | .
is to provide a resilient supporq\cggractéff;eﬁ in that it
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comprises:

- an elastomer matrix having a symmetric structure
with respect to a given axis;

- a plurality of composite material cables embedded
in this elastomer matrix, and

— a plurality of devices for fixing the matrix
allowing said matrix to deflect isotropically under the
action of any flexional forces having components acting
along any one of the three directions of a spatial axis
reference system comprising the axis of symmetry of the
matrix.

In fact, it should be noted that:

- the fact of giving the elastomer matrix a symmetric
structure, for working under flexion, conjointly with
reinforcement means which are embedded therein, makes it
possible to obtain appreciable d=flections under low loads,
for a given dimension,

- the fact of forming said reinforcement means from
composite materials eliminates buckling,

- the fact of forming these reinforcement means from
composite materials, in the form of cables embedded in a
matrix having a symmetric structure with respect to a given
direction, allows the resilient support to be urged
substant:ally isotropically in two directions perpendicular
to the direction of symmetry.

In a first preferred embodiment o1 the resilient
support of the invention, the elastomer matrix has a
symmetric structure in the form of a cross with arms which
are equal and perpendicular to each other and to the axis of
symmetry of the matrix, theilr longitudinal axes being
oriented in the other two directions of said reference
system and said cables being embedded in the arms of the
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cross parallel to the axis thereof, a fixing device being
provided at the lateral end of each arm providing a
support for flexion in any one of the three directions of
said reference system.

In an advantageous arrangement of this embodiment,
each fixing device comprises a pair of rollers
perpendicular both to said axis of symmetry and to the
axis of the ccrresponding arm, as well as a pair of
rollers parallel to the axis of symmetry and perpendicular
to the axis of said corresponding arm, the rollers of each
pair being fixed in a frame and spaced apart for
supportingly and slidingly housing the end of this arm.

In another advantageous arrangement of this
embodiment, each fixing device is formed by at least one
device with laminate structure disposed on one side of the
corresponding arm, at one end thereof, this laminate
structure device having a plurality of alternate elastomer
layers adhered to reinforcement layers, made from metal or
a composite material, which layers are parallel to the
axis of the corresponding arm and perpendicular to the
axis of symmetry.

In a preferred adaptation of this arrangement, the
end of each arm is provided with two laminate structure
devices of said type, disposed on each side of said end.

In another preferred adaptation of said arrangement,
each of the ends of said arms comprises three laminate
structure devices of said type, two devices of which are
disposed on each side of the end of the corresponding arm,
with their axes aligned and their layers parallel to the
axis of the corresponding arm, and perpendicular to the
axis of symmetry, whereas the third device is disposed
with its axis perpendicular to the common axis of the
first two devices and with its layers parallel both to the
axis of the corresponding arm and to the axis of symmetry.

In yet another advantageous arrangement of said
embodiment, each fixing device is formed by at least ome
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elastomer layer disposed on one side of the corresponding
arm at one end thereof.

In a preferred variant of the fixing devices, they
also comprise a means for adjusting the natural
oscillation frequency of the resilient support.

In a preferred arrangement of this variant, the
means for adjusting said frequency comprises a laminate
structure with cylindrical layers formed by a central
shaft and at least a succession of layers comprising a
cylindrical elastomer layer (adhered to this shaft) and a
cylindrical metal layer (adhercd to this elastomer layer),
the shaft being perpendicular to the axis of the
corresponding arm and to the axis of symmetry, and being
disposed on one side of the end of this arm and
symmetrically with respect to a plane passing through the
axis of this arm and the axis of symmetry, so as to extend
on each side beyond the transverse dimension of said
corresponding arm, said end being connected to the
cylindrical laminate structure by two elastomer layers
which are disposed on each side of the plane of symmetry
(of this cylindrical laminate structure) and which are
adhered to brackets, between which the end of the
corresponding arm is imprisoned.

In a second advantageous embodiment of the resilient
support of the invention the elastomer matrix has a square
annular symmetric structure with diagonals, the composite
material cables being embedded in each of the sides and in
each of the diagonals of the matrix parallel to their
corresponding axes, fixing devices being disposed in the
median zone of the sides of the matrix.

O0f course, said fixing devices allow the cables to
be urged under flexion in any one of the three directions
of a spatial axis reference system, two axes of which are
defined by the axes of the diagonals, whereas the third
axis is perpendicular thereto.

In a third preferred embodiment of the resilient
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support of the invention, the elastomer matrix has a
symmetric structure in the form of a cross with arms equal

and perpendicular to each other and to the axis of

symmetry of the matrix, their longitudinal axes being
5 oriented in the other two directions of said reference
system and said cables being embedded in the arms of the

cross parallel to the axis thereof, a fixing device being
provided at the lateral end of each arm and forming a
B support under flexion in any one of the three directions

10 of said reference system, each end fixing device Leing

formed by at least one blade spring disposed on the
extension of each arm of the matrix.
In a fourth advantageous embodiment of the resilient

e support of the invention - which is a variant of said
FEARE: 15 third mode - the elastomer matrix is divided and comprises
e at least four separate arms in which said cables are
A embedded parallel to the longitudinal axis of these arms

and one end of which is intended to be connected to a
useful load to be supported, whereas the other end is
20 connected to a fixing device formed by at least one blade

.:ﬁ:. spring disposed in the extension of the corresponding arm
IR of the divided matrix, the four arms being oriented in
T twos along the other two directions of said reference
:‘ﬁ:. system.
25 In an advantageous arrangement of these third and
fourth embodiments, each blade spring has a configuration
Sl defined by a profile substantially in the form of an arc
vereet of a circumference or ellipse.

In another preferred arrarigement of these third and
30 fourth embodiments, each spring blade has a composite
structure formed by at least one central layer sandwiched

between two external layers, the central layer being
possibly made from elastomer and the external layers from
_ a composite material or vice versa.

? . 35 In an advantageous adaptation of this arrangement,
the matrix is made from an elastomer having a very low
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shock absorbing coefficient, whereas each blagézgzmprises
an elastomer having a relatively high shock absorbing
coefficient,

Besides the above arrangements, the invention
comprises yet other arrangements which will be clear from
the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood from the
complement of description which follows with reference to
the accompanying drawings in which :

Figure 1 shows a laminate structure resilient
support of the prior art for working essentially under
shearing forces and, to a lesser extent, under
compression/traction forces ;

Figure 2 shows a 1laminate structure resilient
support whose configuration in the form of a laminats beam
is able to be subjected to flexional forces ;

Figure 3 illustrates the invention ;

Figure 4 shows a preferred embodiment of the
resilient support of the invention in the form of a cross
with arms which are equal and perpendicular to each other;

Figures 5 to 8 show variants of construction of a
device for fixing the ends of the arms of the resilient
support illustrated in figure 4 ;

Figure 9 shows a side elevational view of a variant
of construction of the device for fixing the arms of the
cross shaped resilient support 'illustrated in figure 4,
making it possible in addition - with respect to the
variant shown in figures 5 to 8 - to adjust the natural
oscillation frequency of the resilient support ;

Figure 10 is a view through plane X-X of figure 9 ;

Figure 11 is a top view of a second embodiment of
the resilient support of the invention ;

Figure 12 is a bottom view of the support shown in
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figure 11 ;

Figure 13 is a side elevational view of the support
illustrated in figures 11 and 12 ;

Figures 14a to 1l4c show variants of constructional
details of the junctions between a diagonal of the matrix
and the sides thereof ;

Figure 15 is an elevational view in partial section
of a third embodiment of the resilient support of the
invention ;

Figure 16 is a top view of the resilient support
illustrated in figure 15 .

It should however be understood that these drawings
and the corresponding descriptive parts are given solely
by way of illustration of the object of the invention, of
which they in no way form a limitation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a prior art resilient support 1
having a laminate structure with a succession of alternate
elastomer layers 2 adhered to metal layers 3. The
references Fx, Fy and Fz represent the three components of
any force applied, along three axes of a Cartesian
reference system of orthogonal axes, to the free end of
the resilient support 1.

It is clear that the components Fx and Fz urge this
support under shearing forces, whereas component Fy urges
it under compression although tractive forces are also
able tc act on this support, but'to a lesser extent.

As already mentioned above, in the description
of the prior art, a laminate structure support such as the
one shown in figure 1 does not allow appreciable
deflections to be obtained under low loads for a given
size, and it has a non isotropic behavior, since the
behavior under forces directed as shown by Fy, under
compression/traction, is not the same as for forces
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directed along Fx and Fz, under shearing.

In addition, for the metal layers there exists the
problem of buckling.

Starting from the state of the art formed by a
laminate structure support such as described above,
attempts could be made to obtain considerable deflections
by causing it to work under flexion. The resilient
support, having such a laminate structure, would thus have
the configuration of a laminate beam, which would be urged
under flexion in a direction perpendicular to the axis of
the beam and to the plane of each layer, which forms it.

However, although the abuve mentioned problem of
deflections is solved by such a laminate beam, the problem
of buckling remains for deflections which are too great ;
similarly, it is easy to check that the behavior under
flexional forces of such a laminate beam is not isotropic.
In fact, although the behavior of this beam under flexion
is satisfactory (apart from the problem of buckling), in a
direction perpendicular to the axis of the beam and to the
plane of the layers thereof, flexion is impossible along
an axis perpendicular to the axis of the beam and parallel
to the plane of said layers, because of the inertia of
these metal layers (or plates) with respect to an axis
parallel to the plane defined by each plate.

The metal plates of the laminate beam could be
replaced by plates 3' made from a componsite material, so
as to eliminate the above mentioned buckling problen,
while taking into account the fact that the resilience of
composite materials is much greater than that of steel
(see figure 2 where the corresponding laminate beam 4 has
been shown). However, the problem of the absence of
isotropic behavior under flexion remains even for the
laminate structure of figure 2.

Within the terms of the present invention, it is
proposed to replace the composite material plates 3' of
the laminate beam of figure 2 by rods (or cords or cables)

T, T I S T T S T T SR TR TR O
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5, shown in section in figure 3 and made from a composite
material (such as glass/epoxy resin fibers or metal fibers
embedded in an epoxy resin matrix), and distributed, for
example, uniformly in the mass of beam 4' parallel to the
axis thereof.

However, the fact of wusing only cords 5 only
provides the desired isotropic behavior in two directions
perpendicular to the axis of beam 4' of figure 3, but not
along the axis of this beam, so that - still within the
terms of the invention - since the cables 5 alone are not
sufficient to achieve the object of the invention, they
are caused to cooperate with an elastomer matrix having a
special structure, namely symmetrical with respect to a
given direction and able to be urged under flexion in a
substantially isotropic way along the three directions of
a Cartesian reference system of orthogonal axes.

A preferred embodiment of the resilient support,
which takes into account the preceding considerations, is
shown in figure 4. The resilient support, for which the
reference 10 has been used, comprises an elastomer matrix
having a symmetric structure with respect to the axis of
symmetry z, formed by a cross with equal arms 6
perpendicular to each other. In each arm 6 can be seen
composite material cables 5 distributed uniformly in each
arm 6 parallel to the axis of the corresponding arm.

Lt each of the ends of the arms of cross 10 is
provided a device for fixing these arms, forming a support
under flexion in any one of the three orthogonal
directions of the Cartesian reference system defined by
the axis of symmetry z and the axes x and y of arms 6 of
cross 10,while allowing an appropriate degree of sliding
of each arm along its axis, when a force acting on the
resilient support 1 has a component oriented along the
corresponding axis x or y.

This device 20 comprises a pair of rollers 7a, 7b
perpendicular both to the axis of symmetry z and to the
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axis x or y of the corresponding arm, as well as a pair of
rollers 8a, 8b parallel to the axis of symmetry 2z and
perpendicular to the axis x or y of the corresponding arm.
Rollers 7a, 7b of the first pair and the rollers 8a, 8b of
the second pair are fixed in a frame 9 and are spaced
apart for supportingly and slidingly housing the end of
the corresponding arm 6.

Each device 20 for fixing the ends of the arms 6 of
the cross shaped resilient support 10 is therefore

intc.ded to be fixed by means of its frame 9 (see figure 5:

in figure 4 the devices 20 are shown, for the sake of
simplicity, without their frame 9) to a square support
plate 11 which has a central opening allowing deformation
of the arms 6 of the resilient support 10 under the action
of any force. The arms of the support are disposed along
the diagonals of plate 11, In figure 4, the presence may
also be noted of a support plate 12 for a device to be
protected (not shown), formed for example by electronic
equipment.

Of course, the resilient support 10 is intended to
be fixed by means of the support plate 11 to any wall of
any structure, particularly to a ceiling, a floor,
vertical walls, as well as to a worktable ov to furnishing
equipment in this structure.

Figure 6 shows a constructional variant 30a of the
fixing device 20 comprising two laminace structure devices
31a, 31b disposed with their axes aligned on each side
of an arm € of the resilient support 10, which devices
31a, 31b include a plurality of alternate elastomer layers
adhered to reinforcement layers which may be made from
metal (see reference 3 in figure 6) or a composite
material (see reference 3' in figure 2), which liayers are
parallel to the axis x or y of the corresponding arm and
perpendicular to the axis of symmetry z.

The fixing device 30b shown in figire 7 differs from
the device shown in figure 6 in that it alsc comprises a
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third laminate structure device 31c disposed
perpendicularly to the common axis of devices 31la, 31b,
with its layers 2 and 3 parallel both to the axis x or y
of the corresponding arm and to the axis of symmetry z of
the resilient support 10.

The device 30c shown in figure 8 differs from that
of figure 7 in that the laminate structure devices 3la,
31b, 31c are replaced essentially by elastomer layers 2
adhered to an appropriate frame 15 (references 13a, 13b in
figure 6 as well as the additional reference 14 in figure
7 indicate the frames to which the devices 31a, 31b, 3lc
are fixed).

Of course, at each of the lateral ends of arms 6 a
single laminate structure device, such as 31a, could be
used ; similarly, in so far as figure 8 is concerned, two
elastomer layers could be used or even a single elastomer
layer instead of the three layers shown.

Figure 9 shows a constructional variant 40 of the
device for fixing the ends of the arms 6 of the resilient
support 10 of the invention making it possible in addition
to adjust the natural cscillation frequency of the
resilient support 10, while preventing it from reaching
the resonance frequency.

The fixing device 40 comprises a laminate structure
19 with cylindrical layers formed by a central shaft 16, a
cylindrical elastomer layer 17 and a cylindrical metal
layer 18, shaft 16 being perpendicular to the axis x or y
of the corresponding arm and to the axis of symmetry z.

Figure 10, which is a sectional view through the
plane X-X of figure 9, shows that the cylindrical laminate
structure 19 is disposed symmetrically with respect to the
plane passing through the axis x or y of each arm 6 and
the axis of symmetry z, so as to extend, on each side of
this plane, beyond the transverse dimension of each arm 6.
This latter is connected to the cylindrical laminate
structure 19, more particularly to the cylindrical metal
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layer 18, by means of two elastomer layers 2 which are
disposed symmetrically with respect to the plane of
symmetry of structure 19 and which are parallel to the
axis x or y of the corresponding arm 6 and perpendicular
to the axis of symmetry z.

Each layer 2 is connected to the end of an arm 6 by
means of two brackets 21 between which this end is
imprisoned (adhered).

It is clear that, for the symmetric structure of the
elastomer matrix shown in figure 4, a configuration may be
adopted different from a cross 10 having equal arms
perpendicular to each other, provided that the structure
is able, in accordance with the invention, to be subjected
to flexional forces in any direction of a spatial
Cartesian reference system of orthogonal axes, and this in
a substantially isotropic way for at least two directions
of this reference system. In particular, a structure may
be readily imagined in the form of a star with equal
spikes, in which the composite material cables 5 are
embedded parallel to the corresponding axis. Similarly, a
configuration may be adopted in the form of a disk in
which said cables 5 are embedded and disposed in different
planes and (in each plane) in the form of a star.
Similarly, adjustment of the natural oscillation frequency
of the resilient support of the invention may be obtained
by adopting a device for nipping the ends of the arms 6 of
the cross shaped structure 10 obtained more particularly
from the configuration illustrated in figure 6, in which
one of the two laminate structure devices 31a or 31b,
instead of being fixed, is able to bhe subjected to the
action for example of a hydraulic cylinder providing a
compression intended to slow down the sliding movement of
the corresponding arm 6.

Furthermore, account may be taken of the fact that
for a given force (load), particularly of umitary value,
the deflection (or deformation) of each arm of cross 10
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depends on several parameters, such as :

- the modulus of flexion of the composite material
cables,

- the diameter of these cables,

- the number of these same cables,

- the area of the section of the elastomer matrix
defined by the cables disposed at the outermost part in
this matrix,

- the shearing modulus of the elastomer matrix,

- the distance between the supports under flexion
so as to adapt the ‘performances of the resilient support
of the invention to the requirements imposed by different
specifications.

In addition, it is clear that the composition of the
composite materials which can be used within the scope of
the present invention is not limitative : generally,
reinforced thermosetting and reinforced thermoplastic
composite materials may be used.

Figures 11 to 13 illustrate a resilient support 100
whose behavior under flexion is substantially isotropic in
twvo direc*tions of an orthogonal axis reference system
{which will be defined hereafter), whatever the direction
of a force acting on the support in this reference system.

This support comprises :

- an elastomer matrix 110 having a flattened
symmetric structure in the form of a square ring, with
lopped (or truncated corners), with its four sides 110 and
its two diagonals 130,

- a plurality of composité material cables embedded
uniformly in sides 120 and the diagonals of the elastomer
matrix 110, like cables 5 illustrated in figure 3,

- a plurality of fixing devices 140 allowing an
appropriate degree of sliding of each diagonal of the
matrix, when the force has a component along the
corresponding diagonal, while offering a support under
flexion in any one of the three directions of said
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reference system.

The orthogona. axis reference system is defined by
an axis z which is the axis of symmetry of the square
elastomer matrix 110 perpendicular to the plane thereof,

5 and two axes x and y which are the axes of symmetry of the
diagonals 130 of said matrix.

The symmetric structure of the elastomer matrix 110
of the resilient support of the invention may be redefined
as a cross with arms 130 equal and perpendicular to each

10 other whose ends are connected by segments defining the
sides of a square, whose diagonals 130 are formed by the
two arms of said cross.

The fixing devices 140 illustrated in figures 12 and
13 comprise an elastomer layer 135 disposed in the lower

15 part and in the median part of the sides 120 of matrix
110. Each elastomer layer 135 is adhered both to the
corresponding side of the matrix and to a block 150
intended to be fixed to a square plate supporting the
assembly (which may be of the type defined by reference 11

20 in figure 4, this plate having a central opening allowing
deformation of the diagonals 130 of the resilient support
100 under the action of any force).

It goes without saying that the fixing devices may
be made in accordance with any of the other structures

25 1illustrated in figures 6 to 8., Similarly, the devices for
fixing the resilient support 10C may be equipped with
means for adjusting its natural oscillation frequency, as
illustrated in figures 9 and 10.

Since cables 5 =~ which are distributed in the

30 elastomer mass of sides 120 and diagonals 130 of matrix
110 parallel to the axes thereof - are independent, it is
advantageous to secure these cables at their convergent
ends by means of two plates, made for example from metal,
adhered to the lower and upper faces (portions) of the

35 elastomer matrix, in the 2zone where each diagonal 130
crosses the corresponding convergent sides 120 : thus it
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is possible to ensure cooperation of cables 5 at their
convergent ends and so the continuity in the transmission
of forces.

Figures 14a to 14c show variants 145, 155 and 165
for the configurotion of each fixing plate, which differ
essentially in the extent of the fixing zone which may
concern the whole (cf figure 14a) or a part (cf figure
14c) of the zone where sides 120 intersect with each
diagonal 130, or which may partially extend over this
diagonal (see figure 14b).

The presence of the fixing plates 145, 155 or 165
may be used for suspending from each corner of matrix 110
a metal mass of appropriate weight (not shown, but which
may be made from any other material) forming an efficient
means for adjusting the natural oscillation frequency of
the resilient support 100.

Of course, a plate (not shown, but which may for
example be of the type defined by the reference 12 in
figure 4) - which is intended to support a device to be
protected, formed more particularly by airborne electronic
equipment - may be secured in the zone where the diagonals
130 of the elastomer matrix 110 intersect,

It is easy to check that the resilient support shown
in figures 11 to 14 satisfies simultareously the following
requirements, which the support illustrated in figure 4
also satisfies :

- the provision of appreciable deflections, under a
low load and for a given dimension, .

- absence of buckling, and

- substantially isotropic behavior in the two
directions x and y of said reference system of orthogonal
axes X, y, 2z,
as well as the following requirement which consists in

- a substantially lower stiffness in any one of the
three directions of the.. reference system of axes x, y, z
with respect to the cross shaped structure of the above
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described elastomer matrix.

This reduction of stiffness is due to the fact that
the fixing devices 140 are not disposed in the end zones
of diagonals 130 contrary to the solution adopted in the
case where the elastomer matrix has the configuration of a
simple cross with arms equal and perpendicular to each
other, corresponding to the diagonals of the square
structure shown in figures 11 and 12, but outside these
zones so as to increase the flexibility of the diagonals.
This condition is made possible through the presence of
the sides 120 of the square matrix 110 which make it
possible to place said fixing devices 140 in the median
zones of sides 120 : thus, a great flexibility is obtained
- in any one of the directions of said reference system -
in so far as the diagonals are concerned and an additional
flexibility corresponding to the half lengths of sides 120
connecting the ends of each diagonal 130 to the fixing
devices 140.

Although the fixing devices 140 allowing cables 5 to
be subjected to flexional forces (cables embedded more
particularly in the diagonals 130 of the elastomer matrix
110) ~along any one of the three directions x, y and z of a
Cartesian reference system, whose two directions x, and y
are defined by the axes of the two diagonals whereas the
third direction 2z is perpendicular to the plane defined
thereby - have been shown as devices allowing a degree of
sliding of each diagonal 130 along the corresponding axis
x or y (these devices being rgplaceable by any variant
illustrated in figures + to 8), it will be readily
understood that these fixing devices may be formed
essentially by devices providing solely a support without
sliding, since a degree of "intrinsic sliding" is provided
by the flexibility of the semi-arms 120 connecting the
ends of diagonals 130 to the devices themselves.

The fact of forming these latter with the
possibility of sliding is therefore optional and only
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serves to increase the degree of "intrinsic sliding" such

as defined above.
Furthermore, although in figure 3 cables 5 are shown
as being distributed in the section of each segment of the
5 elastomer matrix so that two consecutive ceutles have the
same mutual spacing in the two directions parallel to the
sides of said section, it 1is possible to imagine a
different distribution. In particular, it may be
advantageous for twn consecutive cables, which follow each

10 other in a first direction which is contained in a
transverse plane perpendicular to the cables and which is
perpendicular to a longitudinal plane orthogonal to said
transverse plane, to have a mutual spacing which is
different with respect to the spacing existing between two

15 consecutive cables which follow each other in a second
direction, which is contained in the same transverse plane
and which is perpendicular to said first direction, such
distribution of the cables allowing the flexional rigidity
to be adjusted in any one of the three directions of said

20 reference system, to praset values.

Figures 15 and 16 illustrate a resilient support 200
which comprises :

- an elastomer matrix 210 in the form of a cross
(like the one illustrated in figure 4),

25 - a plurality of composite material cables embedded
in the arms 230 of the cross 210 (like cables 5
illustrated in figure 3),

- a plurality of fixing devices 240 each formed of a
blade spring disposed at each end of an arm 230 in the

30 extensien thereof and having substantially the

configuration of the arc of a circumference or an ellipse
(of course, this configuration of the blades of the
springs is not limitative and others, for example in the
shape of an S, may be adopted : furthermore, several
35 configurations of thé same type or of different types may
be combined together for each spring by superimposing
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them).

The lower ends of each blade spring 240 are fixed to
a plate 220 which, in its turn, is intended to be fixed to
the wall of an appropriate structure, such as mentioned
above, particularly be means of bolts (not shown) passing
through the orifices 290, sprin

A preferred structure of each blade/\240 is that
shown in section in figure 15. A web 250 can be seen
formed by an elastomer layer sandwiched between two
external layers 260 made from a composite material such as
glass fibers/epoxy resin for example.

A variant of this preferred structure consists in
forming the central layer from a composite material and
the external layers from elastomer.

In each case, cables 5 may advantageously extend
slightly at the ends of arms 230 of cross 210 into the
central layer of the blades of the corresponding fixing
springs 240.

It may be noted in figure 15 that each blade 240 is
connected to the corresponding arm 230 by a connecting
portion 270 making it possible both to pass gradually from
the thickness of the arm to that of the blade and to give
to this latter the most appropriate width : in figure 16
it can be seen that this width is substantially greater
than that of the arms of the cross.

In the center of cross 210 is disposed a block 280
which projects in the direction of axis z (axes x and y of
the orthogonal axis reference system being formed by the
longitudinal axes of the arms 230) and which is intended
to receive the useful load to be supported.

Since it is normally desirable to provide the
smallest dynamic rigidification of a resilient support, it
is advantageous to use for support 200 an elastomer having
a very low damping coefficient, for example formed by
natural rubber.

However, in some applications there is the risk of
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resonance with the vibrations imposed by the dynamic load.

To reconcile these two contradictory requirements,
it is recommended to limit the use of an elastomer with
very low damping coefficient only to the matrix 210 of
support 200 (such as defiﬁﬁe §¥hw§he reference 300 in
figure 5), whereas for the blades-"240 of each composite
spring for fixing the matrix it is preferable to use an
elastomer 250 having a relatively high damping
coefficient,

In some applications, particularly when the
dimensions of the wuseful 1load to be supported are
relatively large, in order to prevent this 1load from
abutting against the blades of the fixing springs, it is
preferable to form the resilient support 200 so as to
separate each of the four arms 230 of the matrix 210 -
jointly with the corresponding spring 240 - with respect
to the other arm/spring pairs (this variant is not shown
because it follows immediately from that corresponding to
figures 15 and 16).

The ends of these arms of the thus divided matrix,
with their springs, are intended to be connected to four
ends of the load to be supported. Of course, the four
arm/spring pairs thus defined are oriented in twos in the
directions x, y of said reference system (x, y, z). That
may be obtained in two ways, either by disposing the four
arm/spring pairs in an X, along two diagonals (and at the
end of these diagonals) of a base carrying the equipment
to be supported forming the useful load, or by disposing
the four arm/spring pairs in a cross, the axis of each
pair being disposed parallel to a side of said base for
space reasons,

In each case, the resilient support whose elastomer
matrix is fixed by blade springs has the following
properties :

- low stiffness along the axis =z, with the
possibility of large deflectioms,
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- transverse stiffness, namely along the axes x and
y, also low because of the cooperation of the arms of the
cross subjected to flexional forces with the end springs
which wind up and unwind under the action of the dynamic
load, this transverse stiffness being substantially
isotropic along the two axes x and y,

- low dynamic rigidification because of the low
damping coefficient of the elastomer used in the cross
shaped matrix and because of the choice of an elastomer
with a relatively high damping coefficient in the blades
of the springs, this choice resulting in the '"mechanical
beat" effect of each composite spring being without
prejudice for the dynamic stiffness, because it damps it.

As follows from the foregoing, the invention is in
no way limited to those of its embodiments and modes of
application which have been more explicitly described ; it
embraces, on the contrary, all variants thereof which may
occur to a technician skilled in the art, without
departing from the scope and spirit of the present

invention,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A resilient support for machinery and equipment
comprising:

- an elastomer matrix having a symmetric structure
with respect to a given axis;

- a plurality of composite material cables embedded
in this elastomer matrix, and

- a plurality of devices for fixing the matrix
allowing said matrix to deflect isotropically under the
action of any flexional forces having components acting
along any one of the three directions of a spatial axis
reference system comprising the axis of symmetry of the
matrix.
2. The resilient support as claimed in claim 1, wherein
the elastomer matrix has a symmetric structure in the form
of a cross with arms which are equal and perpendicular to
each other and to the axis of symmetry of the matrix, their
longitudinal axes being oriented in the two directions of
sald reference system and said cables being embedded in the
arms of the cross parallel to the axis thereof, a fixing
device being provided at the lateral end of each arm
providing a support under flexion in any one of the three
directions of said reference system.
3. The resilient support as claimed in claim 2, wherein
each end fixing device is formed by at least one blade
spring disposed in the extension of each arm of the matrix.
4. The resilient support as claimed in claim 1, wherein
the elastomer matrix is divided and comprises at least four
separate arms, in which said cables are embedded parallel to
the longitudinal axis of these arms and one end of which is
intended to be connected to a useful load to be supported,
whereas the other end is connected to a fixing device formed
by at least one blade spring disposed in the extension of
the corresponding arm of the divided matrix, the four arms
being oriented in
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twos in two directions of said reference system.

5. The resilient support as claimed in claim 3,
wherein each blade spring has a profile defined
substantially by an arc of circumference.

6. The resilient support as claimed in claim 3,
wherein each blade spring has a profile defined
substantially by an arc of ellipse.

7. The resilient support as claimed in claim 3,
wherein each blaéixg%mprises a central elastomer material
layer between two external composite material layers.

8. Tne resilient support as claimed in claim 3,
wherein each blad%:g%mprises a central composite material
layer between two external elastomer material layers.

9. The resilient support as claimed in claim 7,
wherein said matrix is made from an elastomer haviz d%
very low damping coefficient, whereac each bladeﬁ
comprises an elastomer having a relatively high damping
coefficient,

10. The resilient support as claimed in claim 1,
wherein said elastomer matrix has a symmetric structure in
the form of a square ring with diagonals, the composite
material cables being embedded in each of the sides and in
each of the diagonals of the matrix parallel to their
corresponding axes,and wherein fixing devices are disposed in
the median zone of the sides of the matrix, which fixing
devices allow the cables to be subjected to flexionmal
forces in any one of the three directions of said
reference system, two of the axes of which are defined by
the axes of the diagonals whereas the third axis is
perpendicular thereto. '

11.The resilient support as claimed in.any one of claims 2,4

or 10, wherein two consecutive cables, following each other in a
first direction,-which is contained in a transverse plane
perpendicular to the cables and which is perpendicular to
an orthogonal longitudinal plane with respect to said
transverse plane-,have a mutual spacing which is different
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with respect to the spacing existing Dbetween two
consecutive cables following each other in a second
direction, which is contained in the same transverse
plane and which is perpendicular to said first direction,
this distribution of the cables allowing the flexional
rigidity to be adjusted in any one of the three directions
of said reference system.te—preset—values~

12. The resilient support as claimed in claim 10,
wherein the zones in which each diagonal of said matrix
intersects the sides therecf ere equipped at the lower and
upper parts with plates for fixing the convergent ends of
the cables embedded in the diagonals and in said sides,
said plates being adhered tc the elastomer matrix.

13. The resilient support as claimed in claim 2,
wherein said fixing device also comprises a means for
adjusting the natural oscillation frequency of the
resilient support.

14. The resilient support as claimed in claim 13,
wherein the means for adjusting the natural oscillation
frequency of the resilient support comprises a laminate
structure with cylindrical layers formed by a central
shaft and at least a succession of layers comprising a
cylindrical elastomer layer (adhered to the shaft) and a
cylindrical metal layer (adhered to this elastomer layer),
the shaft being perpendicular to the axis of the
corresponding arm and being disposed on one side of the
end of the corresponding arm and symmetrically with
respect to a plane passing through the axis of this arm
and the axis of symmetry, so as to extend on each side
beyond the transverse dimension of the corresponding arnm,
whose end 1is connected to the cylindrical laminate
structure by two elastomer layers which are disposed on
each side of said plane of symmetry of this cylindrical
laminate structure and which are adhered to brackets,
between which the end of the corresponding arm is
imprisoned.
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15.The resilient support as claimed in any one of claims
2,3 or 10,wherein masses of appropriate weight are disposed at
the four angles of the elastomer matrix for adjusting the
natural oscillation frequency of the resilient support.

i6., The vesilient support as claimed in claim 2,
wherein cach fixing devices comprises a pair of rollers
perpendicular both to said axis of symmetry and to the
axis of the corresponding arm as well as a pair of rollers
parallel to the axis of symmetry and perpendicular to the
axis of said corresponding arm, the rollers of each pair
being fixed in a frame and spaced apart for supportingly
and slidingly housing the end of this arm,

17. The resilient support as claimed in claim 2,
wherein each fixing devices comprises at least onme
laminate structure disposed on one side of the
corresponding arm, at one end thereof, this lamirate
structure device including a plurality of alternate
elastomer layers adhered to reinforcement layers, which
layers are parallel to the axis of the corresponding arm
and perpendicular to the axis of symmetry, each laminate
structure device being fixed to a frame.

18. The resilient support as claimed in claim 17,
wherein the end of each arm is provided with two laminate
structure devices of said type, disposed on each side of
said end.

19. The resilient support as claimed in claim 17,
wherein each of the ends of the arms comprises three
laminate structure devices of said type, two of which are
disposed on each side of the end of the corresponding arm,
with their axes aligned and their layers parallel to the
axis of the corresponding arm and perpendicular to the
axis of symmetry, whereas the third device is disposed
with its axis perpendicular to the common axis of the
first two devices and with its layers parallel both to
the axis of the corresponding arm and to the axis of
symmetry.
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20, The resilient support as claimed in claim 2,
wherein each fixing device is formed by at least one
elastomer layer disposed on one side of the corresponding
arm at one end thereof.

21. The resilient support as claimed in claim 20,
wherein the end of each arm is provided with two elastomer
layers parallel to the axis of the corresponding arm and
perpendicular to the axis of symmetry, which layers are
fixed to a frame.

22, The resilient support as claimed in claim 21,
wherein the end of each arm is provided with three
elastomer layers two of which are disposed parallel to the
axis of the corresponding arm and perpendicular to the
axis of symmetry on each side of the end of said
corresponding arm, with their axes aligned, whereas the
third layer is disposed parallel both to the axis of the
corresponding arm and to the axis of symmetry, with its
axis perpendicular to the common axis of the first two
layers.

DATED THIS 16TH DAY OF JUNE 1988

HUTCHINSON S.A.
By its Patent Attorneys:

CLEMENT HACK & CO.

Fellows Institute of Patent
Attorncys of Australia.
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