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(57) ABSTRACT 

Active hydraulic anti-vibration support comprising tWo 
armatures joined by an elastomer body partially bounding a 
Working chamber ?lled With liquid and communicating With 
a compensating chamber, an eXciter member in contact With 
the Working chamber, a control device designed to displace 
the eXciter member and an elastic return device applying a 
force to the eXciter member to return it to its non-operating 
position in accordance With a certain elasticity curve Which 
has a tangent for a ?rst displacement value corresponding to 
the non-operating position of the eXciter member. The 
elasticity curve is located beloW this tangent in the vicinity 
of a second displacement value corresponding to the end 
stop position of the eXciter member. 
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ACTIVE HYDRAULIC ANTI-VIBRATION 
SUPPORT AND ACTIVE ANTIVIBRATION 
SYSTEM INCORPORATING SAID SUPPORT 

FIELD OF THE INVENTION 

[0001] The present invention relates to active hydraulic 
anti-vibration supports and to active anti-vibration systems 
incorporating such supports. Such supports are speci?cally 
intended for mounting engines on the bodies of motor 
vehicles and are designed to produce counter-vibrations to 
cancel out the effects of the vibrations generated by these 
engines. 

BACKGROUND OF THE INVENTION 

[0002] More speci?cally, the invention relates to an active 
hydraulic anti-vibration support designed to be inserted 
betWeen tWo rigid elements and comprising: 

[0003] ?rst and second rigid armatures intended to be 
?Xed respectively to the tWo rigid elements to be 
connected, 

[0004] an elastomer body linking the tWo armatures 
to one another and partially bounding a Working 
chamber ?lled With liquid, 

[0005] a ?exible Wall partially bounding a compen 
sating chamber ?lled With liquid, Which is connected 
to the Working chamber by a throttled passage also 
?lled With liquid, 

[0006] an eXciter member having a ?rst face com 
municating With the liquid contained in the Working 
chamber and a second opposing face isolated from 
said Working chamber, said eXciter member being 
mounted so that it can move in a direction of 

displacement substantially perpendicular to the ?rst 
and second faces of the eXciter member, starting 
from a non-operating position, 

[0007] a control device designed to displace the 
eXciter member at least in a ?rst direction in said 
direction of displacement into an end stop position, 

[0008] an elastic return device permanently applying 
a force to the eXciter member to return it to its 
non-operating position, in accordance With a certain 
elasticity curve Which imparts said return force 
depending on the displacement undergone by this 
eXciter member parallel With the direction of dis 
placement, this curve having a tangent for a ?rst 
displacement value (Zero or not) corresponding to 
the non-operating position of the eXciter member, 
and the return force having a certain threshold value 
for a second displacement value corresponding to the 
end stop position of the eXciter member. 

[0009] In knoWn anti-vibration supports of this type, the 
elastic return device is substantially linear so that the elas 
ticity curve essentially corresponds to said tangent. 

[0010] These anti-vibration supports are satisfactory in 
terms of their function but nevertheless have the disadvan 
tage of requiring a particularly poWerful control device to 
immobiliZe the eXciter member in its end stop position, 
especially if the vehicle engine is operating at a relatively 
high speed. 
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[0011] In effect, this being the case, the control device 
must apply to the eXciter member a force Which is signi? 
cantly greater than said threshold value of the return force in 
order to guarantee that the eXciter member Will remain 
immobiliZed in spite of the dynamic stress applied to this 
member. 

[0012] As a result, the control device must be over-rated if 
it is to be capable of immobiliZing the eXciter member, 
Which makes this control device relatively heavy and eXpen 
sive. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0013] The objective of this invention is to overcome this 
disadvantage in particular. 

[0014] To this end, an anti-vibration support as proposed 
by the invention is characteriZed in that the elasticity curve 
of the elastic return device is non linear and is located beloW 
said tangent, at least in the vicinity of the second displace 
ment value. 

[0015] As a result of these features, the force Which the 
control device needs to eXert in order to immobiliZe the 
eXciter member in its locked position is less than the force 
that Would be needed in the knoWn anti-vibration supports, 
Which means that it is no longer necessary to provide a 
higher capacity control device. 

[0016] Preferred embodiments of the anti-vibration device 
proposed by the invention may incorporate one and/or the 
other of the folloWing features: 

[0017] the elasticity curve of the return device has a 
maXimum betWeen the ?rst and second displacement 
values; 

[0018] the elasticity curve of the return device has a 
minimum substantially on a level With the second 
displacement value; 

[0019] the elasticity curve of the return device has a 
linear initial part; 

[0020] the eXciter member has an elastomer mem 
brane Which at least partially forms the return device, 
this membrane being of a substantially truncated 
cone shape in the non-operating position, converging 
toWards the Working chamber from an annular base 
joined to a rigid partition bounding said Working 
chamber; 

[0021] the eXciter member has a rigid central Wall 
Which is joined to the rigid partition by the elastomer 
membrane; 

[0022] the elastomer membrane has an annular Zone 
of a reduced thickness in the vicinity of its annular 
base; 

[0023] the control device has a pneumatic chamber 
Which is in contact With the second face of the eXciter 
member and Which is designed to be linked selec 
tively either to a vacuum source or to the atmo 

sphere. 

[0024] Another objective of the invention is to provide an 
active anti-vibration system comprising: 
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[0025] at least one active hydraulic anti-vibration 
support as de?ned above, in Which the control device 
consists of a pneumatic chamber in contact With the 
second face of the exciter member, 

[0026] and an actuating device Which is designed to 
be linked to at least one device serving as a sensor 
Which receives information representative of the 
engine speed of the vehicle, this actuating device 
being designed to: 

[0027] cyclically link the pneumatic chamber With a 
vacuum source and to the atmosphere to cause the 
exciter member to vibrate so as to generate counter 
vibrations in the Working chamber if the information 
received by the device serving as a sensor indicates 
that the vehicle engine is operating at an idling 
speed; 

[0028] and link the pneumatic chamber permanently 
to the vacuum source if the information received by 
the device serving as a sensor indicates that the 
vehicle engine is operating at a speed higher than the 
idling speed so that the exciter member Will then be 
retained in its end stop position. 

[0029] Advantageously, the actuating device is designed 
so that the pneumatic chamber applies a mean force to the 
exciter member corresponding to a linear initial part of the 
elasticity curve of the return device if the engine is idling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Other features and advantages of the invention Will 
become clear from the folloWing description of one of its 
embodiments, given by Way of example and not restrictive 
in any respect, and With reference to the appended draWings. 

[0031] Of the draWings: 

[0032] FIG. 1 is a vieW in vertical section of one embodi 
ment of an anti-vibration support proposed by the invention, 
the piston Which excites the anti-vibration support being 
shoWn in a non-operating position on the left-hand side of 
the draWing and in the end stop position on the right-hand 
side of the draWing, 

[0033] FIG. 2 is a half-vieW in section of the exciter piston 
and its elastic membrane, in the free state, and 

[0034] FIG. 3 is a graph shoWing the elasticity curve of 
the elastic membrane of the exciter piston belonging to the 
support illustrated in FIG. 1 (curve F1(a§), the curve rep 
resenting the force applied by the control device to this 
piston (curve and the elasticity curve of a membrane 
With a linear elasticity (curve 

MORE DETAILED DESCRIPTION 

[0035] The same reference numbers are used to denote the 
same or similar elements in the different draWings. 

[0036] Throughout the description beloW, terms such as 
“top, bottom, loWer, upper, horiZontal, vertical” are used 
solely to make the description clear, referring to the position 
in Which the device proposed by the invention is normally 
used, although these terms are not restrictive. 

[0037] As illustrated in FIG. 2, the hydraulic anti-vibra 
tion support 1 has ?rst and second armatures 2, 3, Which are 
designed to be ?xed respectively to the engine block and the 
body of a motor vehicle. 
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[0038] In the example illustrated here, the ?rst armature 2 
is provided as a block centered on a vertical axis Z and 
Which has a threaded hole 4 bored through it, enabling it to 
be secured to the engine block, Whilst the second armature 
3 is provided as a steel croWn, also centered on the axis Z. 

[0039] These tWo armatures 2, 3 are joined to one another 
by a relatively thick elastomer body 5, having a suf?cient 
compression resistance to cope With the static force gener 
ated by the Weight of the engine block. This elastomer body 
5 has a bell-shaped side Wall Which extends betWeen an apex 
6 joined to the block 2 and an annular base 7 Which is joined 
to the croWn 3. 

[0040] Furthermore, the second armature 3 surrounds a 
rigid partition 10 Which, together With the elastomer body 5, 
bounds a Working chamber A ?lled With liquid. 

[0041] In the example illustrated here, this partition 10 is 
a molded body 11 of light alloy, Which in turn comprises: 

[0042] a croWn 12 centered on the axis Z having a 
recessed groove 13 open at the top, Which extends 
upWards at an angle across a part of the periphery of 
the croWn 12, 

[0043] a tube 14 Which extends radially from the 
croWn 12 toWards the interior, 

[0044] and an inner channel open at the top, com 
prising a lateral Wall 15 joined to the inner end of the 
tube 14 and made integrally With a base 16, this 
lateral Wall 15 optionally also being joined to the 
croWn 12 by additional radial supports (not illus 
trated) distributed around the periphery of said ring. 

[0045] In addition, a ?exible elastomer membrane 17 is 
?xed by bonding onto the inner periphery of a ring 54 nested 
inside the lateral Wall 15 in a force ?t, so as to bound, in 
conjunction With the base 16, a sealed pneumatic chamber P 
Which communicates only With an air duct 18 delimited on 
the interior by the tube 14 and opening to the exterior of the 
anti-vibration support through a bore 19 provided in the 
armature 3. 

[0046] The ?exible membrane 17 is of an annular trun 
cated cone shape converging toWards the top, i.e. toWards 
the Working chamber A, betWeen an outer annular base 17a 
joined to the ring 54 and a central part 17c joined to a rigid 
plate 34 forming a piston, Which constitutes an exciter 
member designed to generate counter-vibrations in the 
Working chamber A. 

[0047] The annular base 17a and the central part 17c of the 
membrane 17 are advantageously relatively thick and sepa 
rated from one another by an annular part 17b of a lesser 
thickness, Which forms a hinge close to the membrane base 
17a. 

[0048] As illustrated in FIG. 2, in the free state, the central 
part 17c of the membrane extends beyond the top edge of the 
ring 54 by a distance d0 so that the membrane 17 is slightly 
pre-stressed When mounted in the anti-vibration support 1 
illustrated in FIG. 1, Where the top edge of the central part 
17c of the membrane is located substantially on the same 
level as the top edge of the ring 54. 

[0049] The membrane 17 described above has an elasticity 
curve F1(LD imparting the elastic force F exerted by this 
membrane 17 on the exciter member 34 to return it toWards 
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the Working chamber depending on the downward displace 
ment d of said exciter member from the free position 
illustrated in FIG. 2. This elasticity curve has a linear initial 
part 56 Which extends as far as a maximum 57 (substantially 
corresponding to the horiZontal alignment betWeen the base 
17a and the central part 17c of the membrane) and Which is 
advantageously extended by a portion 58 descending to a 
minimum 59 beyond Which the curve F1(a') may optionally 
be extended still farther by a rising portion 60 corresponding 
to an elongation of the membrane 17. 

[0050] Optionally, the elasticity curve of the membrane 17 
may be of a different shape, provided this curve passes 
beloW the straight line F3(a) extending the linear part 56 of 
the elasticity curve. i.e. beloW the tangent to the elasticity 
curve at point d0 on the abscissa (this tangent corresponds 
to the elasticity curve of an elastic membrane 17 having a 
purely radial form, for example, or another linear elastic 
return device such as a metal coil spring). 

[0051] In all cases, hoWever, the curve F1(a) must assume 
positive values only, corresponding to a return of the piston 
34 to the non-operating position: in other Words, the mem 
brane 17 must not constitute a bistable spring. 

[0052] Furthermore, the rigid partition 10 also has a cover 
20, Which, like the body 11, may be molded from a light 
alloy and Which covers said body 11 in the direction of the 
Working chamber A. 

[0053] The cover 20 has a solid external annular part 21 
Which is applied in a tight contact ?t against a doWnWardly 
directed shoulder 22, said shoulder being formed by the ring 
7 of the elastomer body and by the upper part of the second 
armature 3. 

[0054] This external annular part 21 of the cover 20 closes 
off the upper part of the groove 13 provided in the body of 
the rigid partition, Which, together With this groove, bounds 
a throttled passage C ?lled With liquid extending betWeen: 

[0055] ?rstly, a ?rst end Which communicates With 
the Working chamber Avia a bore 23 provided in the 
external annular part 21 of the cover and via a recess 
24 arranged in the inner part of the base 7 of the 
elastomer body, 

[0056] and secondly, a second end Which opens radi 
ally toWards the interior of the croWn 12 via a recess 
25 provided in this croWn in order to communicate 
With a compensating chamber B ?lled With liquid, 
said compensating chamber being delimited betWeen 
the rigid partition 10 and a ?exible elastomer Wall 26 
in the form of a belloWs, disposed underneath the 
partition 10. 

[0057] Moreover the cover 20 may also optionally have, 
radially toWards the interior of the annular rim 21, an 
annular grate 27 formed by a series of holes distributed at an 
angle around the axis Z. On a level With the inner periphery 
of the grate 27, the cover has a croWn 28 centered on the axis 
Z, Which projects axially doWnWards, bearing on a rigid 
plate 30 extending in a plane perpendicular to said axis Z. At 
its outer periphery, this plate 30 has a series of axial holes 
distributed at an angle and forming a grate 31, disposed 
facing the above-mentioned grate 27 and forming in con 
junction With it an annular noZZle 45, Which is closed off by 
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a valve 32, formed by an elastomer O-ring trapped With a 
very slight clearance betWeen the grates 27 and 31. 

[0058] A sheet metal casing 42 completes the anti-vibra 
tion support, covering the ?exible Wall 26 at the bottom, the 
periphery 43 of this casing being applied against the periph 
ery of the ?exible Wall 26 Which is in turn supported 
underneath the croWn 12 of the body of the rigid partition 10, 
and the bottom edge of the second armature 13 being 
crimped underneath the outer rim 43 of the casing to join the 
elastomer body assembly. 

[0059] The base of the casing 42 has ?xing means, com 
prising in particular a bolt 44 to ?x said casing onto the body 
of the vehicle, thereby joining the second armature 3 to said 
body. 

[0060] Finally, the air passage 14 is connected to an 
external pneumatic circuit 49, Which is designed to commu 
nicate either With the air intake circuit 52 of the engine or 
With the atmosphere. The circuit 49 is placed in communi 
cation With the intake circuit 52 or With the atmosphere via 
a three-Way solenoid 50 controlled by a control circuit 51 
such as the on-board computer of the vehicle or any other. 

[0061] The anti-vibration support described above oper 
ates as folloWs. 

[0062] When the vehicle in Which the anti-vibration sup 
port is mounted is not operating, this support remains in the 
non-operating position illustrated on the left-hand side of 
FIG. 1 and the central part 17c of the membrane 17 is in a 
stop position underneath the plate 30. 

[0063] When the vehicle engine is started and is idling, 
thereby generating vibratory movements on a level With the 
block 2, Which are generally at a frequency ranging betWeen 
20 and 80 HZ for example, the pneumatic chamber P is 
alternately placed under a pressure beloW atmospheric pres 
sure and atmospheric pressure by means of the solenoid 50 
controlled by the computer 51. This causes a vibratory 
motion of the ?exible membrane 17 and the piston 34, Which 
oscillates betWeen extreme positions corresponding to 
doWnWard displacements betWeen values d2 and d3 from the 
free position illustrated in FIG. 2. 

[0064] As illustrated in FIG. 3, in the example considered, 
these vibratory movements generally occur on the linear part 
56 of the elasticity curve F1(a) and on a part of its descend 
ing portion 58. 

[0065] In all cases, it is desirable for the mean displace 
ment dm to Which the piston 34 is subjected during these 
oscillations due to the mean force Fm exerted on the piston 
34 to be located on the linear part 56 of the curve 

[0066] These vibratory movements generate counter-vi 
brations in the intermediate chamber D betWeen the mem 
brane 17 and the plate 30, intended to neutraliZe the effects 
of the engine’s vibrations. These counter-vibrations are 
optimiZed by the computer 51 in accordance With a pre-set 
program depending on the engine speed and various param 
eters Which may in?uence the idling vibrations (operation of 
the air-conditioning system, electricity consumption, engine 
temperature, etc.) by acting on the folloWing parameters, for 
example: 

[0067] the amplitude of the vibrations of the piston 
34, Which is controlled by acting on the cyclical ratio 
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of the signal sent to the solenoid 50 (ratio between 
the time during Which the solenoid 50 places the 
pneumatic chamber P under vacuum and the total 
duration of a period of vibrations), 

[0068] the phase of the vibrations of the piston 34, 
controlled by acting on the initial instant of each 
actuation cycle of the solenoid 50 relative to the 
engine speed, Which speed is detected by a sensor 55, 
for example, on the basis of a given cylinder passing 
through its top dead center. 

[0069] The counter-vibrations thus generated by the piston 
34 in the intermediate chamber D are transmitted to the 
Working chamber A via the throttled passage E betWeen the 
cover 20 and the plate 30, this passage F communicating 
With the Working chamber Avia an ori?ce 40 provided in the 
cover 20 and With the intermediate chamber D via an ori?ce 
53 provided in the plate 30. The throttled passage E is 
dimensioned so as to have a resonance frequency Within the 
range betWeen 10 and 90 HZ, for example, and correspond 
ing substantially to the idling frequency. Given its very small 
clearance, the uncoupling valve 32 does not signi?cantly 
disrupt the effect of the counter-vibrations. 

[0070] It should be pointed out that the pneumatic control 
of the piston 34 or any other exciter member could be 
replaced by an electromechanical and/or electromagnetic 
control Without departing from the scope of the invention, 
this control preferably acting only in the direction of dis 
placement of the piston 34 opposing the Working chamberA 
Whilst the membrane 17 or any other elastic means acts in 
the opposite direction. 

[0071] When the vehicle is travelling and its engine is 
operating at a high enough speed, corresponding to fre 
quency vibrations in excess of 90 HZ, for example, the 
solenoid 50 is actuated in order to place the pneumatic 
chamber P permanently under vacuum, as illustrated in the 
right-hand part of FIG. 1. As a result, the ?exible membrane 
17 is applied substantially against the base 16 in an end stop 
position. Accordingly, Whilst the vehicle is travelling, the 
valve 32 ensures that the armatures 2 and 3 are axially 
uncoupled from vibrations of a high-frequency and loW 
amplitude (for example, a frequency above 20 HZ and 
amplitude of less than 1 mm) Whereas the throttled passage 
C is dimensioned to represent a resonance frequency gen 
erally loWer than 20 HZ so as to dampen the chopping 
motion, of a relatively loW frequency (for example less than 
20 HZ) and relatively high amplitude (for example greater 
than 1 mm) generated by the rolling motion of the vehicle. 

[0072] As illustrated in FIG. 3, the end stop position of the 
piston 34 preferably corresponds to a displacement dl of said 
piston (relative to the free state illustrated in FIG. 2) 
substantially corresponding to the minimum 59 of the curve 

In this position, a force F2(LD is exerted on the piston 
34 having a value Fb2—Fb1+AF, Where Fb1 is the value 
F1(a'1) given by the elasticity curve of the membrane 17 and 
AF is a safety mark guaranteeing that the piston 34 Will 
remain immobiliZed. 

[0073] By comparison, if an elastic membrane With a 
linear behavior across any range of use Were to be used, i.e. 
a membrane conforming to the curve F3(a'), as is the case 
With the knoWn systems, it Would be necessary to apply a 
force Fb4—Fb3+AF to the piston 34, Where Fb3-F3(a'1). 
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Since Fb3 is higher than Fb1, it Would therefore be neces 
sary to apply a force considerably higher than that required 
by this invention. The invention therefore enables the rating 
of the pneumatic system actuating the piston 34 to be 
reduced since the maximum force produced by this system 
may be less than the maximum force produced in the knoWn 
anti-vibration supports by G=Fb3-Fb1. 

I claim: 
1. Active hydraulic anti-vibration support designed to be 

interposed betWeen tWo rigid elements and comprising: 

?rst and second rigid armatures intended to be ?xed 
respectively to the tWo rigid elements to be connected, 

an elastomer body linking the tWo armatures to one 
another and partially bounding a Working chamber 
?lled With liquid, 

a ?exible Wall partially bounding a compensating cham 
ber ?lled With liquid, Which is connected to the Working 
chamber by a throttled passage also ?lled With liquid, 

an exciter member having a ?rst face communicating With 
the liquid contained in the Working chamber and a 
second opposing face isolated from said Working cham 
ber, said exciter member being movably mounted in a 
direction of displacement substantially perpendicular to 
the ?rst and second faces of the exciter member, 
starting from a non-operating position, 

a control device designed to displace the exciter member 
at least in a ?rst direction in said direction of displace 
ment into an end stop position, 

an elastic return device permanently applying a force to 
the exciter member to return it to its non-operating 
position, in accordance With a certain elasticity curve 
Which imparts said return force depending on the 
displacement undergone by this exciter member paral 
lel With the direction of displacement, this curve having 
a tangent for a ?rst displacement value corresponding 
to the non-operating position of the exciter member, 
and the return force having a certain threshold value for 
a second displacement value corresponding to the end 
stop position of the exciter member, 

Wherein the elasticity curve of the return device is non 
linear and is located beloW said tangent at least in the 
vicinity of the second displacement value. 

2. Anti-vibration support as claimed in claim 1, in Which 
the elasticity curve of the return device has a maximum 
betWeen the ?rst and second displacement values. 

3. Anti-vibration support as claimed in claim 1 or claim 2, 
in Which the elasticity curve of the return device has a 
minimum substantially on a level With the second displace 
ment value. 

4. Anti-vibration support as claimed in claim 1, in Which 
the elasticity curve of the return device has a linear initial 
part. 

5. Anti-vibration support as claimed in claim 1, in Which, 
in the non-operating position, the return device is an elas 
tomer membrane Which is of a substantially truncated cone 
shape converging toWards the Working chamber from an 
annular base joined to a rigid partition bounding said Work 
ing chamber. 
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6. Anti-vibration support as claimed in claim 5, in Which 
the eXciter member has a rigid central Wall Which is joined 
to the rigid partition by the elastomer membrane. 

7. Anti-vibration support as claimed in claim 5, in Which 
the elastomer membrane has an annular Zone of a reduced 
thickness in the vicinity of its annular base. 

8. Anti-vibration support as claimed in claim 1, in Which 
the control device is a pneumatic chamber Which is in 
contact With the second face of the eXciter member and 
Which is designed to be linked selectively either to a vacuum 
source or to the atmosphere. 

9. Active anti-vibration system comprising: 

at least one active hydraulic anti-vibration support as 
claimed in claim 8, 

and an actuating device Which is designed to be linked to 
at least one device serving as a sensor to receive 

information representative of the engine speed of the 
vehicle, this actuating device being designed to: 
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cyclically link the pneumatic chamber alternately With a 
vacuum source and With the atmosphere in order to 
cause the eXciter member to vibrate so as to generate 
counter-vibrations in the Working chamber if the infor 
mation received by the device serving as a sensor 
indicates that the vehicle engine is operating at an 
idling speed; 

and link the pneumatic chamber permanently to the 
vacuum source if the information received by the 
device serving as a sensor indicates that the vehicle 
engine is operating at a speed higher than the idling 
speed so that the eXciter member is then retained in its 
end stop position. 

10. Anti-vibration system as claimed in claim 9, in Which 
the actuating device is designed so that the pneumatic 
chamber applies to the eXciter member a mean force corre 
sponding to a linear initial part of the elasticity curve of the 
return device When the engine is idling. 

* * * * * 


