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The present invention relates to devices (in 
particular intended to constitute springs, joints, 
and so on) of the kind including at least One 
element of gum or any other analogous matter 
working between at least two rigid elements to. 
which it adheres, these elements and the gun 
part being for instance concentrically disposed 
about a common axis, although this is not to be 
interpreted as a limitation and the invention ap 
pies to devices in which the elements are of flat 
shape. 
The chief object of the present invention is to 

provide a device of this kind which is better 
adapted to meet the requirements of practice, and 
in particular in which the adhesion between the 
various elements is improved and it is possible to 
obtain a more accurate adjustment of the work 
ing conditions of the gum. 
With this object in view, according to an es 

sential feature of the present invention, the de 
vice is arranged in such manner that relative dis 
placements of the rigid elements, in one of the 
directions corresponding to shearing of the gum, 
produce variations of the interval between the 
rigid elements, and these relative displacements 
are utilized in such manner as to adjust the initial 
conditions of working of the gun, for instance 
with a view to eliminating the strains that may 
result from temperature variations (such as cool 
ing after vulcanizing) or to producing a prelimi 
nary stress in the mass of gum. 
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According to another feature of the present 
invention, applicable to the case in which the gum 
element and the rigid elements are made in the 
form of concentric bodies of revolution, the coop 
erating surfaces of these various elements are giv 
en a conical shape and the initial stressed state 
of the gum mass is determined by imparting to 
the rigid elements a relative displacement in the 
axial direction. - 
According to still a feature of the present in 

vention, relating more especially to the construc 
tion of joints to be interposed between two parts 
(and in particular two shafts) adapted to assume 
variable relative angular positions with respect, 
to each other, these joints are provided with gum 
elements in shearing, for instance two gum ele 
ments in the form of cones disposed in inverse re 
lation to each other and suitably positioned with 
respect to the center of the joint. 
Other features of the present invention will 

result from the following detailed description of 
some specific embodiments thereof. 

Preferred embodiments of the present inven 
tion will be hereinafter described with reference 
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to the accompanying drawings, given merely by 
Way of example, and in which: 

Fig. 1 is an axial section of an elastic device 
made according to the present invention; 

Fig. 2 is a transverse sectional view on the line 
II-II of Fig. 1; 

Fig. 3 is a view, similar to Fig. 1, of a system of 
the same kind having cylindrical elements, ac 
cording to the usual practice, this view being giv 
en for comparison purposes with the device ac 
Cording to the invention; 

Fig. 4 is a transverse sectional view correspond 
ing to Fig. 3; 

Figs, 5 and 6 are diagrammatical views, simi 
lar to Fig. 1, showing an elastic device made ac 
COrding to two other embodiments of the inven 
tion; 

Fig. 7 is an elevational view, on a reduced scale, 
Of the combination of an elastic device according 
to the invention with an oscillating arm intended 
to carry a vehicle wheel, the whole forming an 
elastic suspension according to the invention; 

Fig. 8 shows, on a larger scale and in section, 
a device of the kind of that illustrated by Fig. 7, 
One half of this view showing the parts in the 
stressed position after final assembly and the 
other half the parts in an intermediate position 
before the gum elements are stressed; - 

Fig. 9 shows, similarly to Fig. 8, a device of the 
same kind made according to another embodiment 
of the invention; 

Fig. 10 is a sectional view of a Cardan joint 
made according to the invention; 

Fig. 11 shows, separately and in sectional view, 
one of the elements of this joint, before assen 
bly thereof with the other elements; 

Fig. 12 shows the same joint, in a position in 
which the two shafts, to wit the driving shaft and 
the driven shaft, make an angle with each other. 
In the following description, it will be supposed 

that it is desired to provide an elastic device of 
the kind including a gun ring interposed between 
two rigid elements, themselves of annular shape. 

First of all, it should be reminded that it is cur 
5 rent practice to constitute Such systems in the 
form of a cylindrical gum ring interposed between 
two rigid elements, one on the inside and the 
other on the outside, the gum or other elastic 
matter being caused to adhere to the walls of the 
rigid elements through any suitable means, for 
instance: by glueing or vulcanizing; or by the ef 
fect of a deformation tending to compress the 
elastic matter, the adhesion being then obtained 
through the effect of the pressures developed on 
the Walls in question. 
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Besides, it should be noted that a compression 
of the rubber mass and a deformation bringing 
the rigid elements nearer to each other is desir 
able in all cases. This is due to the fact that, 
when the glueing or vulcanizing method is applied, 
as this treatment is carried out in the hot state, 
when the device comes back to ordinary temper 
ature, the elastic matter contracts and gets in 
tension, which tends to detach it from the rigid 
elements. This is why it is advantageous to exert 
an action tending to bring nearer to each other, 
by deformation, the surfaces against which the 
mass of gun is applied. 
Now, the deformation methods employed up to 

the present time are difficult to apply. They con 
sist, as a rule, in retracting the outer rigid ele 
ment or expanding the inner element, which is 
a delicate operation and produces, in all cases, 
but relatively small deformations, which are very 
difficult to determine with accuracy. 

Furthermore, the deformation action thus per 
formed is exerted radially, which, on account of 
the fact that gum is incompressible, produces, in 
the mass of gum, parasitic tensions tending to 
produce or to start a tearing off of the gun mass 
from the rigid elements. This effect is illustrated 
by Figs. 3 and 4, in which I have shown a cylin 
drical elastic device of the known type, including 
a gum ring and rigid elements 2 and 3. It will 
be seen that the reduction of the interval between 
the rigid elements that is produced by the treat 
ment above mentioned produces a tendency of 
the elastic matter to flow out from the peripheral 
free edges, giving menisci such as 41 in the vicin 
ity of which the fibers of elastic matter between 
the rigid elements (42, 43, etc.) are strongly curved 
outwardly and impart axial tensions t, t', t', etc. 
at their points of fixation to the rigid element, 
these tensions reducing the strength of the device. 
In order to obviate these various drawbacks 

and in particular to obtain an elastic device hav 
ing high adhesion qualities, this device, accord 
ing to the present invention, is made of a shape 
such that relative axial displacements of the rigid 
elements tend to vary the interval between said 
rigid elements, and these displacements are made 
in such manner, as to adjust at will the initial 
conditions of working of the gun. 
This principle may be applied in many differ 

ent Ways. 
According to an embodiment of my invention, 

diagrammatically illustrated by Figs. 1 and 2, it 
is advantageous to give the elements of the device 
a general conical shape. 
This shape may be such that the opposite faces 

5-6 of the rigid elements 2-3 between which the 
gum ring is inserted are constituted by cones 
of the same apex angle. 
According to another possible arrangement, as 

illustrated by Fig. 1, these surfaces are consti 
tuted by cones of different respective apex angles, 
having advantageously, a common apex, or Sub 
stantially so, as shown at . 

But, of course, other possible arrangements 
come within the scope of my invention. 
Now, if it is supposed for instance that, in a 

device of this kind, the gum ring is caused to 
adhere to Surfaces 5 and 6 by glueing or Vulcan 
izing (either in the free state or after having 
applied a preliminary stress thereto) and that 
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which permits at least a partial absorption of 
shrinkage. 
The transverse section of the elastic ring, which 

occupied, at the beginning of the glueing opera 
tion, position a, b, c, d, now comes, as shown by 
Fig. 1, into position a1, b, c, d1. Besides, it must 
be stated that the initial section may be of any 
suitable shape (for instance, as shown by the 
drawing, a shape analogous to that of a parallelo 
gram) in view of the shape to be finally obtained. 
Therefore, as a first result, the present inven 

tion permits of obtaining a substantial reduction 
(the greater as the apical angle of the cone is 
greater, and even a total elimination, of the 
parasitic tensions that resulted from cooling after 
glueing in the known devices. 
Furthermore, according to another feature of 

the present invention, I may take advantage of 
the variations of distance between the rigid ele 
ments that result from axial relative displace 
ments of said elements for placing the mass of 
gum or other equivalent material under given ini 
tial working conditions, for, instance for subject 
ing it to a preliminary stressing. For instance in 
the case diagrammatically illustrated by Fig.1. 
it suffices to provide an abutment 8 opposing axial 
displacements of one of the rigid elements, to wit 
3, in the axial direction and to exert on the other 
rigid element 2, after cooling, an action tending 
to force the cones into one another, the whole 
being kept in position through suitable means 
that do not oppose the deformations of the elastic 
mass that are inherent in the normal operation of 
the device (for instance torsional deformations 
resulting from relative rotation of the rigid ele 
ments with respect to each other, in the case of 
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... the rigid elements are left free with respect to 
each other after this treatment, cooling, instead 
of producing a retraction of the mass of gum, will 
produce a relative axial displacement e of the 
two rigid elements with respect to each other, 

applications such as will be hereinafter consid 
ered, which involve such deformations). 
The means for keeping the rigid elements in 

proper relative position with respect to each other 
may be of various kinds. They may for instance 
consist: either of interconnecting elements, such 
as bolts, rivets, etc., as shown at 8a on Fig. 8 and 
at 8b on Figs. 10 and 12; or of springs or other 
elastic devices for exerting an elastic action in 
the axial direction, for instance of spiral springs 
such as shown at 9a on Fig. 5, at 9b on Fig. 6 and 
at 9e on Fig. 9. 
Furthermore, these means may be made adjust 

able. For instance, as shown by Fig. 9, and Sup 
posing that I make use of a spring 9c, this spring 
will advantageously be combined with an adjust 
ment device O-I-12 such as hereinafter de 
Scribed, or of any other kind. 

It seems advantageous, in order to ensure the 
proper maintaining of the respective elements 
with respect to one another, to have recourse to 
two devices of the kind of that shown by Fig. 1, 
arranged in such manner that the reactions 
undergone by two corresponding elements of said 
devices, respectively, are eliminated reciprocally 
by the fact that these two elements are in abut 
ment relation with each other, the conical parts 
of these two devices being respectively opposed 
to one another. 

For instance, according to an embodiment, the 
respective outer rigid elements 3a of the two 
devices bear against each other, as shown by Fig. 
5, and the reactions due to the compressive stress 
ing of the elastic elements a are applied to the 
inner rigid elements 2a and transmitted through 
pieces 3. 

5 

According to another embodiment, illustrated 
by Fig.6, the inner elements 2 are applied against 
each other and the reaction due to compression of 
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elastic elements f is transmitted to the outer 
rigid elements 3b, for instance at 4, through a 
spring 9b. 
With such arrangements including a double 

cone disposition, preliminary stressing of the rub 
ber mass is easily obtained by leaving the rigid 
elements, in the course of operation, a certain 
freedom of displacement in the axial direction. 
Anyway, it will be seen that the system accord 

ing to the present invention permits, owing to the 
fact that variation of the distance between the 
rigid elements is obtained by imparting a rela 
tive axial displacement to said elements, of ob 
taining any desired state of compression, since it 
is possible to vary within a wide range the afore 
said distance between rigid elements owing to 
the double possibility of suitably choosing the 
apical angle of the cones (the effort to be exerted 
being the lower as said apical angle is itself lower) 
and of giving the relative axial displacements the 
desired amplitude. 
In particular, it should be noted that, while 

it is practically impossible accurately to deter 
mine the effect produced by a radial shrinkage or 
expansion of one of the rigid elements, due to the 
fact that these deformations are necessarily of 
very small amplitude, adjustment of the distance 
between rigid elements obtained, according to the 
present invention, through axial relative displace 
ments of said elements is very easy because a very 
Small variation of the distance in question corre 
sponds to a relatively important axial relative 
displacement. 

Furthermore, the strain imparted to the mass 
of gum. Or equivalent material by Such displace 
ments is uniformly distributed throughout the 
whole mass, without parasitic stresses of the kind 
illustrated by Fig. 3. As a matter of fact, the 
straining, according to the present invention, 
consists in an axial shearing uniformly distrib 
uted in all sections, with a slight difference result 
ing from the difference of annular thickness of 
the interval between the two rigid elements from 
one base to the other, when such a difference 
exists, that is to say when the apical angles of 
the two rigid conical elements are different. 

It is therefore possible, according to the pres 
ent invention, to obtain elastic devices which have 
new and interesting properties and, in particular, 
which have a better adhesion of the rubber or 
other elastic element to the rigid elements. It 
should be well understood that this adhesion, 
instead of being obtained merely by the prelim 
inary stressing of the rubber mass as above ex 
plained may also, preferably and as shown by 
-Fig. 1, be further ensured by glueing or vulcaniz 
ing of the elastic element with respect to the 
rigid elements. 
Of course, elastic devices of this kind may re 

ceive many applications, in which the elastic 
mass is subjected to different kinds of stresses, 
for instance torsional stresses about the axis of 
the device, stresses parallel to this axis, trans 
verse with respect thereto, or again, combined 
stresses in different directions. 
For instance, devices according to the present 

invention may be utilized for constituting: (a) 
torsional Spring means, especially in suspension 
systems for road or track vehicles, or flying 
machines (landing gears, etc.), one of the rigid 
elements such as 3, being rigid with the vehicle at 
5 (Figs. 7 and 8), while the other, 2 (which is 
double in the embodiment shown by the drawing) 
is connected with a spindle 6 rigid with at least 
one oscillating arm T which carries the corre 
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sponding wheel, or any other equivalent part; (b) 
joints made according to a similar arrangement; 
(c) Cardan joints made as it will be hereinafter 
explained; (d) or other elastic systems. 

Increased adhesion is particularly precious in 
the case of applications (torsional springs, joints, 
and So on) in which the rigid elements oscillate 
around an intermediate position, which applica 
tions, up to the present time, with existing sys 
tems, led to rapid wear and tear of the elastic 
elements. 
Of course, the shape of the various elements will 

be chosen in order to obtain the best possible 
results in view of the desired work to be obtained 
from the mass of gum or equivalent material. 

It will be noted, by the way, that the bi-con 
cal structures of Figs. 5 and 6 constitute a mull 
ple Spring, that is to say a spring having, simul 

taneously, a torsional elasticity, an axial elastic 
ity, and a conical elasticity (corresponding to an 
gular relative movements between the axis of the 
inner rigid elements and the axis of the outer 
elements). 

In the case of Fig. 5, with conical (or rather 
frusto-conical) elements opposed by their small 
bases, the torsional elasticity is as important as 
it may be desired and the axial elasticity decreases 
quickly as deformations grow in amplitude. As 
for the conical elasticity, it is rather Small, since 
it corresponds to a compression of the elastic 
material between the opposed respective walls 
of the rigid elements. 
With the arrangement illustrated by Fig. 6, 

in which the frusto-conical elements are opposed 
along their greater bases, the two first mentioned 
elasticities have substantially the same charac 
teristics. But in this case, the conical elasticity 
is very much increased, especially when radii r1 
and r2, perpendicular to the neutral fiber of each 
of the two cones in the median region thereof, in 
tersect each other at the center 0 of the system 
(Fig. 10) or at points such as 01 02 at a short dis 
tance from each other (Fig. 6). In this case, 
therefore, this elasticity corresponds to a shear 
ing of the elastic material. A Cardan effect is 
obtained, so that elastic devices of this kind are 
well adapted to the construction of universal 
joints. Examples are illustrated by Figs. 10 to 12. 

I will now proceed to describe, still by way of 
example, various embodiments of the invention. 

. . According to the embodiment of Figs. 7 and 8. 
which corresponds to the case of Fig. 5, the rigid 
elements are advantageously constituted by 
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stamped metal pieces. 
The whole device includes two portions assem 

bled together and each of which includes: 
An outer rigid element 3a, of conical shape, 

provided with a flange 9 for fixation to a sup 
port f5, for instance by means of bolts 20, the 
whole being for instance such that, when the 
parts are assembled, these two elements 3a are 
juxtaposed at 8; and . 
An inner rigid element 2a, the general shape of 

which is also conical, connected with the outer 
element through elastic piece fa, which is gener 
ally caused to adhere to both of these rigid ele 
ments by vulcanizing. 
The respective elements a, 2a and 3a are for 

instance given, during the vulcanizing operation, 
the relative positions that are visible on the top 
part of Fig. 8. When the elements are finally as 
sembled together, the two portions thereof are 
brought against each other by means of bolts. 

75 2G, and portions 2a are caused to come into the 
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position shown by the bottom part of Fig. 8, in 
which they are fixed by means of rivets 8 or 
through any other equivalent means. 
The bottom portions of cup-shaped elements 

2 are provided with holes at 22 affording passage 
for Spindle 6, which includes a collar 23, upon 
which the above mentioned riveting (or other 
equivalent operation) is effected. Arm 7 is sup 
posed to be a double arm and it is made rigid 
with Spindle 6 through any suitable means. 
Concerning now the shape to be given to each 

elastic element a before it is subjected to the 
action resulting from an axial relative displace 
ment of the rigid elements with respect to each 
other, this elastic element is preferably made with 
inwardly curved free marginal edges, as shown 
at 24-25, so that this shape is to a certain de 
gree preserved after mounting (Fig. 8), when the 
elastic elements are compressed. Advanta 
geously, these edges are joined to the rigid ele 
nients 2a and 3a not with sharp angles but with 
the intermediate of overlapping portions 26, 27, 
in Such manner as gradually to eliminate the 
Stresses that Will be developed in the region over 
Which the elastic maSS and the rigid elements are 
joined together, during operation. The rigid ele 
ments may be provided with flanges such as 28 
adapted to cooperate with these joining portions 
of the elastic mass. 

Fig. 9 shows a similar embodiment, embodying 
a Spring 9e. 
The intermediate rigid elements 2a are provided 

with a Second flange or collar 29 on the side of 
the larger base of the cones. In this case, lever T 
is rigidly fixed to the end of a spindle 6 the other 
end of which is provided with a threaded portion 
O coacting with a nut which bears against a 

disc 2, which exerts a variable pressure upon 
spring 9e for adjustment of the initial com 
pression of the elastic material. 
The axial force which produces this com 

pression is transmitted through two discs 30 car 
ried one by the base 32 of lever 7 and the other 
by a sleeve 33, slidable along spindle 6, these 
two discS being fixed at 3 to rigid elements 2a. 
In the embodiment of Figs. 10 to 12, which cor 

responds to the case illustrated by Fig. 6, I obtain 
a kind of Cardan joint adapted to be used for all 
Sorts of transmissions and especially for use in 
automobile vehicles. 
According to this embodiment, I make use of 

two portions analogous to that above described 
with reference to Fig. 8 and one of which is visible 
separately on Fig. 11. These portions are as 
sembled (Fig. 10) by means of bolts such as 8b 
mounted on flanges 34 carried by the outer rigid 
elements 3b. 
The two shafts 35 and 36 of the transmission 

are connected together through the intermediate 
of a bell-shaped part 37, fixed to one of the shafts, 
to wit 35, and to flanges 34 through bolt 8b. On 
the other hand, a sleeve 38 on which the fanges 

of the inner rigid elements of the elastic cou 
pling device are fixed by means of bolts 39 is 
adapted to rotate together with the end 4 of the 
other shaft 36, for instance by means of grooves 
42 longitudinally disposed so as to permit an 
axial sliding of this last mentioned shaft with 
respect to sleeve 38. 
With such an arrangement, I obtain an elastic 

Cardan joint having great conical and torsional 
flexibilities. Furthermore, it will be noted that 
the sliding displacements of shaft 36 take place 
in coincidence with the center of the joint, to wit 
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. This permits of reducing to a minimum, when 
the shaft is turning at high speed, risks of in 
juries due to the unavoidable existence of play 
in the grooves between sleeve 88 and portion 4 
of the shaft. 

Finally, in the case illustrated by the drawing, 
in which radii r1 and r2 convergein 0, the ma 
terial of the elastic element of the joint is practi 
cally Subjected only to shearing when angular 
displacements X take place between the shafts 
(Fig.12), so that the joint opposes but a relatively 
Small resistance and is capable of working under 
good conditions, even for important angular dis 
placements, . 

It should also be noted that ventilating is per 
fectly well ensured and that it can be intensified, 
if necessary, by providing channels in the rigid 
elements and/or in the elastic material. 
Of course, as above stated, the invention is not 

limited to the case of surfaces of revolution. It 
could be applied to the case of devices in which 
the rigid elements would be of any other shape, 
for instance of flat shape. The desired effect 
would then be obtained, according to the present 
invention, by wedge means tending to subject the 
rubber mass to shearing stresses while producing 
a variation of the distance between said rigid 
elements. 

In a general manner, while I have, in the above 
description, disclosed what I deem to be practical 
and efficient embodiments of the present inven 
tion, it should be well understood that I do not 
Wish to be limited thereto as there might be 
changes made in the arrangement, disposition 
and form of the parts without departing from 
the principle of the present invention as COImpre 
hended within the scope of the accompanying 
claims. 

In the claims, the expression 'conical” is 
taken to correspond to its broadest definition, 
that is to say that applying not Only to cones hav 
ing circular bases, but also to cones having bases 
of any shape whatever, even of polygonal shape, 
So that pyramids are included in this expression. 
What I claim is: 
1. An elastic device which comprises, in com 

bination, a first unit including a pair of coaxial 
rigid elements at least partly surrounding each 
other, the inner wall of the outer element and 
the Outer wall of the inner element being in the 
form of conical surfaces with a common apex 
and acute apex angles, and an elastically de 
formable element of gum-like material inter 
posed between said rigid elements with its inner 
and outer walls bonded to the above mentioned 
Walls of Said rigid elements respectively, a sec 
Ond unit similar to the first one disposed co 
xially and in opposed relation thereto, means 

for rigidly assembling together one of the rigid 
elements of one unit with the corresponding 
rigid element of the other unit, and means in 
terposed between the two other rigid elements 
for subjecting said elastic elements to an initial 
axial thrust in the direction corresponding to 
Compression thereof. 

2. An elastic device which comprises, in com 
bination, a first unit including a pair of coaxial 
rigid elements at least partly Surrounding each 
other, the inner wall of the outer element and 
the outer Wall of the inner element being in the 
form of conical surfaces with a common apex 
and acute apex angles, and an elastically de 
formable element of gum-like material inter 
posed between said rigid elements with its in 
ner and outer walls bonded to the above men 



tioned walls of said rigid elements respectively, 
a second unit similar to the first one disposed 
coaxially and in opposed relation thereto, means 
for rigidly assembling together one of the rigid 
elements of one unit with the corresponding 
rigid element of the other unit, and means in 
terposed between the two other rigid elements 
for elastically subjecting said elastic elements 
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surfaces with a common apex and acute apex 
angles, and an elastically deformable element of 
gum-like material interposed between said metal 
elements with its inner and outer walls bonded 
thereto respectively, a second unit similar to the 
first one disposed coaxially and in opposed rela 
tion thereto, means for rigidly assembling one 

to an initial axial thrust in the direction corre 
sponding to compression thereof. O 

3. An elastic device which comprises, in come 
bination, a first unit including, a pair of stamped 
metal frusto-conical elements disposed coaxially 
so as partly to surround each other, the inner 
wall of the Outer element and the outer wall of 
the inner element being in the form of conical 
surfaces with a common apex and acute apex 
angles, and an elastically deformable element of 
gum-like material interposed between said metal 
elements with its inner and outer walls bonded 
thereto respectively, a second unit similar to the 
first one disposed coaxially and in opposed re 
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lation thereto, means for rigidly assembling one 
of the metal elements of one unit with the cor 
responding rigid element of the other unit, and 
means interposed between the two other metal 
elements for subjecting said elastically deform 
able elements to an initial axial thrust in the direction corresponding to compression thereof. 

4. An elastic device which comprises, in com 
bination, a first unit including a pair of stamped 
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30 

metal frusto-conical elements disposed coaxially 
so as partly to surround each other, the inner 
wall of the outer element and the outer wall of 
the inner element being in the form of conical 35 

of the metal elements of one unit with the cor 
responding rigid element of the other unit, and 
means, including a spring, interposed between 
the two other metal elements for subjecting said 
elastically deformable elements to an initial 
axial thrust in the direction corresponding to 
compression thereof. 
MAURICE FRANCOSACANORJUN. 

REFERENCEs creD 
The following references are of record in the 

file of this patent: 
UNITED STATEs PATENTs 

Number Name Date 
1,746,217 Jansson ----------- b. 4, 1930 
1,810,872 Lord -------------- June 18, 1931 
1917,797 Harris ------------- July 11, 1933 
2,004,712 Thiry------------- June 11, 1935 
2,167,508 Herold ------------ July 25, 1939 
2,203,342 . Sloman et al.------- June 4, 1940 
2,262,975. Strachovsky -------- Nov. 18, 1941 

FOREIGN PATENTS 
Number Country Date 

383,274 Great Britain ------- Feb. 7, 1931 
442,845 Great Britain ----- Dec. 15, 1934 
484,877 Great Britain ------ May 11, 1938 

  


