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Description

[0001] The present invention claims priority on Swed-
ish Patent Application Serial No. 0801391-4 filed June
13, 2008 and United States Provisional Patent Applica-
tion Serial No. 61/061,238 filed June 13, 2008.

Technical Field

[0002] The present invention relates to a hydropneu-
matic suspension unit, and more particularly to a hydrop-
neumatic suspension unit for use in vehicles.

Background of the Invention

[0003] Many vehicles nowadays have some form of
suspension system. A complete suspension system usu-
ally comprises a spring and a damper. The spring may
be a steel helical spring and a damper may be disposed
inside the spring. The total force in the spring leg is given
by the sum of the force from the spring and the force from
the damper. The spring force is determined by the posi-
tion of the spring leg and the damping force is given by
the speed of the spring leg. This principle is currently
applied to most types of wheeled vehicles, such as pas-
senger cars and heavy-duty vehicles.
[0004] For heavy-duty vehicles, gas-hydraulic (hy-
dropneumatic) suspension is used in certain cases. A
suspension system of hydropneumatic type often com-
prises a hydraulic cylinder, filled with hydraulic liquid,
which is connected to an accumulator, which has two
chambers separated by a piston. One of the chambers,
on one side of the piston, contains hydraulic liquid, and
the other chamber, on the other side, contains a pneu-
matic pressure medium, which constitutes the actual
spring element. Damping valves are arranged along the
flow path of the hydraulic liquid between the hydraulic
cylinder and the accumulator, the function of said damp-
ing valves being to create a flow resistance when the
hydraulic liquid is forced to flow through the damping
valves. In this way, a damping action is exerted on the
spring motion of the vehicle. In this case, the accumulator
may be provided with a separating piston between the
hydraulic fluid, which is essentially incompressible, and
the pneumatic medium, which is compressible.
[0005] These prior art suspension units have resulted
in increased comfort, better driving characteristics, less
vibration, reduced effect upon the chassis and increased
productivity, especially when the vehicle has been heav-
ily loaded.
[0006] Another common solution in the field of vehicle
suspension is the use of bellows cylinders. These have
a simpler design and are often driven pneumatically, but
they may also be driven by other fluids and mechanical
springs. In the case heavily loaded heavy-duty vehicles,
bellows cylinders are not appropriate, since they are not
capable of cushioning the load in an optimal manner.
This has the effect that the dynamic behavior of the ve-

hicle is restricted, thus affecting the drivability of the ve-
hicle.
[0007] The newer types of suspension systems have
not been entirely beneficial. As a result of progress, the
suspension systems have become increasingly complex
with more electronic components being built into the so-
lutions, with the result that the systems have become
more expensive. Also the weight of the suspension sys-
tems has increased as a result of all the added function-
ality. Consequently, the environmental impact of the ve-
hicle increases in the form of increased emissions and
costs.
[0008] In order to satisfy future requirements for envi-
ronmental compatibility while maintaining performance
unchanged, there is a need for suspension systems
which are more compact and lighter, but which offer the
suspension properties needed to ensure improved com-
fort and better driving dynamics for heavy-duty vehicles.
[0009] Swedish Patent SE 444 541 discloses a hydrop-
neumatic suspension system, which comprises an outer
and an inner cylinder, which initially has two well-defined
chambers pre-pressurized by means of different medi-
ums (e.g, oil and gas, respectively, etc.). During a given
displacement of the suspension system, a globe valve is
opened, whereupon the pressure in the two chambers is
equalized for the purpose of changing the suspension
curve.
[0010] Yet another hydropneumatic suspension sys-
tem is illustrated in US3747913.
[0011] In view of the current state of suspension sys-
tems, there is a need for suspension systems which per-
mit the setting of spring characteristics and road clear-
ance and which are simple and robust and can be man-
ufactured at a lower cost.

Summary of the Invention

[0012] A general object is to provide a suspension sys-
tem which entirely or in part obviates the drawbacks of
prior art suspension systems. This object is achieved by
a hydropneumatic suspension unit according to claim 1
and a suspension system according to claim 9.
[0013] According to a first non-limiting aspect of the
invention, a hydropneumatic suspension unit for a vehicle
is provided, comprising an outer sleeve, and a damping
piston, which is arranged for sliding displacement in the
outer sleeve. The outer sleeve contains gas mainly for
providing spring action and liquid mainly for providing
damping action, the gas being in direct contact with the
liquid.
[0014] By having liquid and gas act in the same space,
without any separating piston or membrane, a compact
suspension unit can be achieved. In such a suspension
unit, the damping characteristics can be controlled by
valves and by the amount of liquid and the gas pressure
inside the given volume of the chamber.
[0015] During the damping action, both gas and liquid,
possibly in emulsion form, can be simultaneously
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pressed past the damping piston, through the damping
piston or a damping valve arranged therein and/or be-
tween the damping piston and an inner surface of the
first chamber. Alternatively, only liquid can be pressed
past the damping piston for providing the damping action.
[0016] The suspension unit further comprises an inner
sleeve, which is arranged for sliding displacement in the
outer sleeve, the damping piston being fixed relative to
the inner sleeve.
[0017] A first chamber is defined by an inner surface
of the outer sleeve and the damping piston, and a second
chamber is be defined by an inner surface of the inner
sleeve and the damping piston, and wherein the first and
second chambers are in fluid communication with each
other, the fluid communication is restricted by the damp-
ing piston.
[0018] The suspension unit further comprises a guide
part for guiding the relative movement of the inner sleeve
and the outer sleeve.
[0019] A third chamber can be defined by the inner
surface of the outer sleeve, an outer surface of the inner
sleeve, the guide part and the damping piston.
[0020] The third chamber may be in fluid communica-
tion with the first and/or the second chamber, the fluid
communication being restricted by the damping piston
and/or a damping channel. Such a damping channel can
be provided with a damping valve.
[0021] The suspension unit further comprises a first
extreme position damper for damping a compressed ex-
treme position.
[0022] The first extreme position damper can be oper-
ative between the guide part and a flange extending ra-
dially from the inner sleeve.
[0023] The first extreme position damper can be oper-
ative directly or indirectly between the outer sleeve and
the damping piston.
[0024] The first extreme position damper can comprise
an elastic element or a throttling of a flow area.
[0025] The suspension unit further comprises a sec-
ond extreme position damper for damping an extended
extreme position.
[0026] The second extreme position damper can be
operative directly or indirectly between the outer sleeve
and the damping piston.
[0027] The second extreme position damper compris-
es a throttling of a flow area.
[0028] According to a second non-limiting aspect of
the invention, a suspension system for a vehicle is pro-
vided, comprising a hydropneumatic suspension unit ac-
cording to any one of the embodiments described above,
which is in pneumatic and/or hydraulic connection with
at least one system accumulator.
[0029] The suspension system can further comprise a
gas throttling valve arranged to restrict the pneumatic
connection between the hydropneumatic suspension
unit and the system accumulator, such that only a limited
mass flow, which is greater than zero, is allowed in the
pneumatic connection.

[0030] In summary, the invention pertains to a new and
improved hydropneumatic suspension unit. In one non-
limiting embodiment of the invention, the hydropneumat-
ic suspension unit is designed for use in a vehicle; how-
ever, this is not required. The hydropneumatic suspen-
sion unit typically includes an outer sleeve and a damping
piston that is arranged for sliding displacement in the
outer sleeve. There is typically provided a space in the
outer sleeve that contains two different types of fluid, typ-
ically a gas and liquid. The gas in the outer sleeve is
typically used to provide a spring action. The liquid in the
outer sleeve is typically used to provide damping action.
The gas in the outer sleeve can be in direct contact with
the liquid; however, this is not required. As can be ap-
preciated, all or a portion of the gas can be used to provide
a damping action, and/or all or a portion of the liquid can
be used to provide a spring action; however, this is not
required. The hydropneumatic suspension unit can in-
clude an inner sleeve which is arranged for sliding dis-
placement in the outer sleeve; however, this is not re-
quired. The damping piston can be fixed relative to the
inner sleeve; however, this is not required. The hydrop-
neumatic suspension unit typically includes a first cham-
ber that is defined by an inner surface of the outer sleeve
and the damping piston, and a second chamber that is
defined by an inner surface of the inner sleeve and the
damping piston; however, this is not required. The first
and second chambers are typically in fluid communica-
tion with each other, and the fluid communication be-
tween the two chambers is partially or fully restricted by
the damping piston; however, this is not required. The
hydropneumatic suspension unit can include at least one
adjustable damping valve that is at least partially ar-
ranged in the damping piston; however, this is not re-
quired. The adjustable damping valve can be used to at
least partially restrict fluid communication between the
first and second chambers; however, this is not required.
The hydropneumatic suspension unit can include a guide
part to at least partially guide the relative movement of
the inner sleeve and the outer sleeve; however, this is
not required. The hydropneumatic suspension unit can
include a third chamber that is defined by the inner sur-
face of the outer sleeve, an outer surface of the inner
sleeve, the guide part and the damping piston; however,
this is not required. The third chamber can be in fluid
communication with the first and/or the second cham-
bers; however, this is not required. When the third cham-
ber is in fluid communication with the first and/or the sec-
ond chambers, such fluid communication can be partially
or fully restricted by the damping piston and/or a damping
channel; however, this is not required. The hydropneu-
matic suspension unit can include a first extreme position
damper for damping a compressed extreme position;
however, this is not required. The first extreme position
damper can be operative between the guide part and a
flange extending radially from the inner sleeve; however,
this is not required. The first extreme position damper,
when used, can be operative directly or indirectly be-
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tween the outer sleeve and the damping piston; however,
this is not required. The first extreme position damper
can include an elastic element and/ a throttling of a flow
area; however, this is not required. The hydropneumatic
suspension unit can include a second extreme position
damper for damping an extended extreme position; how-
ever, this is not required. The second extreme position
damper, when used, can be operative directly or indirect-
ly between the outer sleeve and the damping piston; how-
ever, this is not required. The second extreme position
damper can include an elastic element and/or a throttling
of a flow area; however, this is not required. The hydrop-
neumatic suspension unit can form a part of a suspension
system of a vehicle; however, this is not required. The
hydropneumatic suspension unit forms a part of the sus-
pension system of a vehicle, the hydropneumatic sus-
pension unit can be designed to be in pneumatic and/or
hydraulic connection with at least one system accumu-
lator; however, this is not required. The suspension sys-
tem can include a gas throttle valve that is arranged to
restrict the pneumatic connection between the hydrop-
neumatic suspension unit and the system accumulator
such that only a limited mass flow, which is greater than
zero, is allowed in the pneumatic connection; however,
this is not required.
[0031] These and other objects and advantages will
become apparent from the following description taken
together with the accompanying drawings.

Brief Description of the Drawings

[0032] Reference may now be made to the drawings,
which illustrate several non-limiting embodiments that
the invention may take in physical form and in certain
parts and arrangements of parts wherein;

Fig. 1 is a schematic sectional view of a spring leg
according to one non-limiting embodiment;
Fig. 2 is a partial enlargement of the damping piston
and the guide part in Fig. 1;
Fig. 3 is a schematic sectional view of an alternative
extreme position damper for extreme position damp-
ing during compression;
Fig. 4 is a schematic sectional view of an extreme
position damper according to the invention for ex-
treme position damping during extension;
Fig. 5 is a schematic view of a non-limiting suspen-
sion system;
Fig. 6 illustrates a first test result for the suspension
system in Fig. 5; and,
Fig. 7 illustrates a second test result for the suspen-
sion system in Fig. 5.

Description of Non-Limiting Embodiments

[0033] Referring now to the drawings wherein the
showings are for the purpose of illustrating non-limiting
embodiments of the invention only and not for the pur-

pose of limiting same, Figs. 1 and 2 show a suspension
unit, which is made up of an outer sleeve 2, in which an
inner sleeve 5 is slidably arranged. The outer sleeve 2
has an open end, which is provided with a guide part 7
for guiding the movement of the inner sleeve 5 and for
sealing, and a closed end, on which a mounting ring 13
is arranged. The inner sleeve 5 has a first end, at which
a damping piston 4 is arranged, generally fixedly ar-
ranged, and a second, closed end, at which a mounting
lug 12 is arranged.
[0034] The damping piston 4 is designed to perform a
sliding movement in the outer sleeve 2 while gas and
liquid present in the outer sleeve is being pressed through
and/or past the damping piston 4. The damping piston 4
can be provided with one or more damping valves 14,
which may be adjustable for providing the desired flow.
When more than one damper valve is used, the valves
can be arranged such that the damping can be different
depending on the direction in which the damping piston
4 is traveling. Moreover, the damping piston can be de-
signed to allow a small flow between the damping piston
4 and the inner surface 2a of the outer sleeve.
[0035] The closed end of the outer sleeve 2 and the
damping piston together define a first chamber 3. A sec-
ond chamber 6 is defined by the damping piston and the
inner surface 5a of the inner sleeve 5.
[0036] A third chamber 11 can be defined by the damp-
ing piston, the outer surface 5b of the inner sleeve, the
inner surface 2a of the outer sleeve 2 and the guide part 7.
[0037] The first chamber 3 can be in communication
with the third chamber through a flow between the damp-
ing piston and the inner surface 2a of the outer sleeve.
[0038] The second chamber 6 can be in communica-
tion with the third chamber through one or more damping
channels 19.
[0039] An extreme position damper 8 for providing
damping action when the suspension unit is in the com-
pressed extreme position can be arranged on a radially
extending flange 18 at the closed end of the inner sleeve
5. This extreme position damper 8 can be arranged to
be axially operative directly or indirectly between the
flange 18 and the outer sleeve 2. The extreme position
damper 8 may, for example, be arranged to be operative
between the flange 18 and the guide part 7. Such an
extreme position damper 8 may be in the form of one or
more elements of rubber or rubber-like material.
[0040] Yet another extreme position damper 10 for pro-
viding damping action when the suspension unit 1 is in
the extended extreme position can be arranged to be
axially operative between the guide part 7 and the damp-
ing piston 4. Such an extreme position damper 10 may
be provided in the form of one or more elements of rubber
or rubber-like material, for example polyurethane.
[0041] Furthermore, the suspension unit 1 can be pro-
vided with one or more filling ports 16, 17. According to
one non-limiting embodiment, a filling port 16 is used for
gas filling as well as liquid filling. According to another
non-limiting embodiment, the filling port 16 may be used,
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for example, for filling a liquid and the filling port 17 may
be used for filling a gas.
[0042] The filling ports 16, 17 can be designed to be
connected to the appropriate filling or adjusting equip-
ment. One or both of the filling ports 16, 17 may be con-
nected to a system for adjusting the characteristics of the
suspension unit.
[0043] The suspension unit 1 is designed such that liq-
uid (e.g. oil) and gas (e.g. nitrogen gas) are integrated in
the same space (chamber 3, 6, 11) without being sealed
off from each other. In this way, a much more compact
solution is obtained and the damping characteristics of
the suspension unit can be easily controlled by choosing
the amount of oil and the gas pressure inside the cham-
bers 3, 6, 11 and by means of the damping valves 14.
Thus, the damping valves 14 will operate in an emulsion
of hydraulic liquid and pneumatic media and will be po-
sitioned such that a spring motion creates a flow through
the valves 14.
[0044] According to one non-limiting embodiment, the
amount of liquid can be such that the damping valves 14
mainly operate in the liquid.
[0045] The suspension characteristics are controlled
by the amount of liquid in the given volume, which thus
determines the pressure build-up (spring stiffness) of the
spring leg. The gas pressure is determined by the load
to be damped. Depending on the load range, the pressure
inside the spring leg may vary from 0 bar up to 400 bar.
[0046] An alternative solution to the extreme position
damping for the compressed extreme position is shown
in Fig. 3 and consist of a cone 8’a, which is mounted in
the closed end of the outer sleeve 2 and adapted to en-
gage with a hole 8’b in the damping piston 4, which is
mounted in one end of the inner sleeve 5. During com-
pression of the suspension unit, caused by the initiation
of a spring motion, the damper piston 4 moves towards
the cone 8’a, where the two finally engage and extreme
position damping occurs. The extreme position damping
may occur in a continuous manner, in which the throttling
area is gradually reduced as the cone 8’a moves into the
hole 8’b of the damping piston.
[0047] In the other direction, according to the invention
and as illustrated in Fig. 4, the extreme position damping
is provided in the form of radial damping holes 10’ in the
inner sleeve 5. As the suspension unit 1 travels towards
its fully extended position, the outer sleeve 2 and the
inner sleeve 5 move away from each other. When the
damping holes 10’ move into the guide part 7, which caus-
es them to close, the throttling area is reduced so as to
match the current piston rod speed, thereby avoiding
pressure spikes in the suspension unit 1.
[0048] The extreme position damping is not limited to
the solutions described above, but may be conceived in
other ways. It may, for example, be provided on the out-
side of the sleeve in the form of one or more polyurethane
elements, in order to save space. Another solution may
be to integrate the extreme position damping into the
piston rod protection 15.

[0049] With reference now to Fig. 5, a suspension sys-
tem will be described which may comprise the suspen-
sion device discussed above.
[0050] Fig. 5 shows a suspension system which is ar-
ranged to act between a wheel 21 or the like bearing
against a ground surface, for example a roadway 50, and
a vehicle 20. The suspension system comprises a hy-
dropneumatic suspension unit 1, as described above,
which acts between the wheel 21 and the vehicle 20.
[0051] The suspension unit is in turn connected to at
least one system accumulator 80, 85 via a pneumatic
connection 90 and/or a hydraulic connection 95. The sys-
tem accumulator 80, 85 can be connected to a hydraulic
system 100 of the vehicle, or to a compressor 110.
[0052] The system accumulator 80 can comprise a
system gas chamber 81 and a system hydraulic chamber
83. The system hydraulic chamber 83 and the system
gas chamber 81 can be separated by a piston 82, a mem-
brane or the like. The system accumulator 80 can be
connected to one, two or more suspension systems.
[0053] The system hydraulic chamber 83 can be con-
nected to a hydraulic system 100 associated with the
vehicle.
[0054] According to an alternative non-limiting embod-
iment, the system gas chamber 81 can be connected to
a compressor 110 associated with the vehicle. In this
non-limiting embodiment, the system accumulator 80
need not comprise any system hydraulic chamber 83 or
piston 82.
[0055] A gas throttle valve 91 usually has an effective
valve area which is less than the area of the pneumatic
connection 90.
[0056] According to one non-limiting embodiment, the
gas throttle valve 91 can be a fixed valve, which is ar-
ranged to allow a predetermined flow which is greater
than zero. According to one non-limiting embodiment,
the gas throttle valve 91 is chosen such that it allows as
little flow as possible, given a certain desired level-reg-
ulation speed. Where a fixed gas throttle valve is used,
this can be chosen for each given application, for exam-
ple vehicle type.
[0057] According to an alternative non-limiting embod-
iment, the gas throttle valve 91 can be an adjustable
valve, which is arranged to allow at least two different
flows, which both are greater than zero. An adjustable
valve of this kind may be adjustable, insofar as it is set
in a position and then remains in this position during use
of the system. Alternatively, an adjustable valve of this
kind may be adjustable even during use of the system,
for example, in response to some external factor, or some
vehicle behavior requirement. However, in order for the
throttle valve 91 to be adjustable in this way, both a more
advanced throttle valve and a control system are re-
quired, which adds to the complexity of the system as a
whole.
[0058] The pneumatic connection 90 may be connect-
ed to the first 3, second 6 or third 11 chamber of the
system.
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[0059] The system shown in Fig. 5 works such that a
movement of the wheel, caused, for instance, by an un-
evenness in the ground surface, gives rise to a relative
movement between the inner sleeve 5 and the outer
sleeve 2, hydraulic liquid and gas enclosed in the first
and second chambers 3, 6 being displaced through the
damping valves 14 and/or the space surrounding the
damping piston 4 with a view to providing a damping ac-
tion. At the same time the pressure increase in the first
and second chambers 3, 6 results in the gas enclosed
therein being compressed, thereby providing the spring
action.
[0060] From Fig. 6 it can be seen that the pressure in
the suspension unit 1 varies strongly in response to a
change of position of the spring leg. Despite the fact that
the connection 90 between the chambers 3, 6 and the
system gas chamber 81 is open, very little mass flow
takes place, however, between the chambers 3, 6 and
the system gas chamber 81, with the result that the pres-
sure in the system gas chamber is changed very little.
[0061] From Fig. 7 it can be seen that if the piston is
stopped in, for example, the extended position, it takes
approximately 20 seconds before the pressure is equal-
ized between the chambers 3, 6 and the system gas
chamber 81.
[0062] Level regulation, i.e. regulation of the ground
clearance of the vehicle, may be achieved by increasing
the pressure in the system gas chamber 81, or by sup-
plying hydraulic liquid or gas to the first or the second
chamber.
[0063] Adjustment of the spring stiffness of the spring
leg may be achieved by increasing the pressure in the
system gas chamber 81.
It will thus be seen that the objects set forth above, among
those made apparent from the preceding description, are
efficiently attained, and since certain changes may be
made in the constructions set forth without departing from
the spirit and scope of the invention, it is intended that
all matter contained in the above description and shown
in the accompanying drawings shall be interpreted as
illustrative and not in a limiting sense. The invention has
been described with reference to preferred and alternate
embodiments. Modifications and alterations will become
apparent to those skilled in the art upon reading and un-
derstanding the detailed discussion of the invention pro-
vided herein. This invention is intended to include all such
modifications and alterations insofar as they come within
the scope of the present invention as defined by the ap-
pended claims. It is also to be understood that the fol-
lowing claims are intended to cover all of the generic and
specific features of the invention herein described and
all statements of the scope of the invention, which, as a
matter of language, might be said to fall therebetween.

Claims

1. A hydropneumatic suspension unit (1) for a vehicle

comprising:

an outer sleeve (2);
a damping piston (4) arranged for sliding dis-
placement in said outer sleeve (2);
at least one damping valve (14) at least partially
positioned in said damping piston (4);
an inner sleeve (5) arranged for sliding displace-
ment in said outer sleeve (2);
a first chamber (3) in the outer sleeve (2), said
first chamber (3) at least partially defined by an
inner surface of said outer sleeve (2) and said
damping piston (4), said first chamber (3) includ-
ing at least one gas and at least one liquid, said
gas primarily designed to provide a spring action
and said liquid primarily designed to provide a
damping action, said gas being in direct contact
with said liquid in said first chamber (3);
a second chamber (6) at least partially defined
by an inner surface of said inner sleeve (5) and
said damping piston (4), said first chamber (3)
and second chamber (6) being in fluid commu-
nication and fluid flow between said two cham-
bers is at least partially restricted by said at least
one damping valve (14) in said damping piston;
a guide part (7) for guiding a relative movement
of said inner sleeve (5) and said outer sleeve
(2); and
a first extreme position damper designed for at
least partially damping a compressed extreme
position,
characterized by
a second extreme position damper for damping
an extended extreme position,
wherein said second extreme position damper
includes a throttling of a flow area provided in
the form of radial holes (10’) in the inner sleeve
(5), wherein, when the hydropneumatic suspen-
sion unit (1) travels towards the extended ex-
treme position, the outer sleeve (2) and the inner
sleeve (5) move away from each other and the
radial holes (10’) become closed as they move
into the guide part (7), so as to reduce the throt-
tling area.

2. The hydropneumatic suspension unit as defined in
claim 1, wherein said damping valve arranged in the
damping piston is an adjustable damping valve.

3. The hydropneumatic suspension unit (1) as defined
in claim 1, wherein said damping piston (4) is fixed
relative to the inner sleeve (5).

4. The hydropneumatic suspension unit as defined in
any one of the preceding claims, including a third
chamber that is at least partially defined by said inner
surface of said outer sleeve, an outer surface of said
inner sleeve, said guide part and said damping pis-
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ton.

5. The hydropneumatic suspension unit as defined in
claim 4, wherein said third chamber is in fluid com-
munication with said first chamber, said second
chamber, or combinations thereof, said fluid be-
tween said third chamber and said first chamber,
said second chamber, or combinations thereof at
least partially restricted by said damping piston, a
damping channel, or combinations thereof.

6. The hydropneumatic suspension unit (1) as defined
in any one of the preceding claims, wherein said first
extreme position damper is operative between a
guide part (7) and a flange extending radially from
the inner sleeve (5).

7. The hydropneumatic suspension unit (1) as defined
in any one of the preceding claims, wherein said first
extreme position damper is operative directly or in-
directly between said outer sleeve (2) and said
damping piston (4).

8. The hydropneumatic suspension unit (1) as defined
in any one of the preceding claims, wherein said first
extreme position damper includes an elastic element
or a throttling of a flow area.

9. A suspension system for a vehicle, comprising a hy-
dropneumatic suspension unit (1) as claimed in any
one of claims 1-8, said hydropneumatic suspension
unit (1) in a pneumatic and/or a hydraulic connection
with at least one system accumulator.

10. The suspension system as defined in claim 9, includ-
ing a gas throttle valve arranged to at least partially
restrict said pneumatic connection between said hy-
dropneumatic suspension unit (1) and said system
accumulator (80, 85) such that only a limited mass
flow, which is greater than zero, is allowed in said
pneumatic connection.

Patentansprüche

1. Hydropneumatische Aufhängungseinheit (1) für ein
Fahrzeug umfassend:

eine äußere Hülse (2);
einen Dämpfungskolben (4), der zur gleitenden
Verschiebung in der äußeren Hülse (2) ange-
ordnet ist;
mindestens ein Dämpfungsventil (14), das min-
destens teilweise in dem Dämpfungskolben (4)
positioniert ist;
eine innere Hülse (5), die zur gleitenden Ver-
schiebung in der äußeren Hülse (2) angeordnet
ist;

eine erste Kammer (3) in der äußeren Hülse (2),
wobei die erste Kammer (3) mindestens teilwei-
se durch eine innere Fläche der äußeren Hülse
(2) und den Dämpfungskolben (4) definiert ist,
wobei die erste Kammer (3) mindestens ein Gas
und mindestens eine Flüssigkeit beinhaltet, wo-
bei das Gas primär ausgestaltet ist, um eine Fe-
derwirkung bereitzustellen, und die Flüssigkeit
primär ausgestaltet ist, um eine Dämpfungswir-
kung bereitzustellen, wobei das Gas in direktem
Kontakt mit der Flüssigkeit in der ersten Kammer
(3) steht;
eine zweite Kammer (6), die mindestens teilwei-
se durch eine innere Fläche der inneren Hülse
(5) und den Dämpfungskolben (4) definiert ist,
wobei die erste Kammer (3) und die zweite Kam-
mer (6) in Fluidverbindung stehen und die Flu-
idströmung zwischen den beiden Kammern
mindestens teilweise durch das mindestens ei-
ne Dämpfungsventil (14) in dem Dämpfungskol-
ben beschränkt wird;
einen Führungsteil (7) zum Führen einer relati-
ven Bewegung der inneren Hülse (5) und der
äußeren Hülse (2); und
einen ersten Extrempositionsdämpfer, der zum
mindestens teilweisen Dämpfen einer kompri-
mierten extremen Position ausgestaltet ist,
gekennzeichnet durch
einen zweiten Extrempositionsdämpfer zum
Dämpfen einer erweiterten extremen Position,
wobei der zweite Extrempositionsdämpfer ein
Drosseln einer Strömungsfläche, die in Form
von radialen Bohrungen (10’) in der inneren Hül-
se (5) bereitgestellt ist, beinhaltet, wobei, wenn
sich die hydropneumatische Aufhängungsein-
heit (1) zu der erweiterten extremen Position be-
wegt, sich die äußere Hülse (2) und die innere
Hülse (5) voneinander weg bewegen und die
radialen Bohrungen (10’) geschlossen werden,
wenn sie sich in den Führungsteil (7) hineinbe-
wegen, um die Drosselfläche zu verkleinern.

2. Hydropneumatische Aufhängungseinheit nach An-
spruch 1, wobei das Dämpfungsventil, das in dem
Dämpfungskolben angeordnet ist, ein verstellbares
Dämpfungsventil ist.

3. Hydropneumatische Aufhängungseinheit (1) nach
Anspruch 1, wobei der Dämpfungskolben (4) bezüg-
lich der inneren Hülse (5) fixiert ist.

4. Hydropneumatische Aufhängungseinheit nach ei-
nem der vorherigen Ansprüche, die eine dritte Kam-
mer beinhaltet, die mindestens teilweise durch die
innere Fläche der äußeren Hülse, eine äußere Flä-
che der inneren Hülse, den Führungsteil und den
Dämpfungskolben definiert ist.
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5. Hydropneumatische Aufhängungseinheit nach An-
spruch 4, wobei die dritte Kammer in Fluidverbin-
dung mit der ersten Kammer, der zweiten Kammer
oder Kombinationen davon steht, wobei das Fluid
zwischen der dritten Kammer und der ersten Kam-
mer, der zweiten Kammer oder Kombinationen da-
von mindestens teilweise durch den Dämpfungskol-
ben, einen Dämpfungskanal oder Kombinationen
davon beschränkt wird.

6. Hydropneumatische Aufhängungseinheit (1) nach
einem der vorherigen Ansprüche, wobei der erste
Extrempositionsdämpfer zwischen einem Füh-
rungsteil (7) und einem Flansch, der sich radial von
der inneren Hülse (5) erstreckt, betrieben werden
kann.

7. Hydropneumatische Aufhängungseinheit (1) nach
einem der vorherigen Ansprüche, wobei der erste
Extrempositionsdämpfer direkt oder indirekt zwi-
schen der äußeren Hülse (2) und dem Dämpfungs-
kolben (4) betrieben werden kann.

8. Hydropneumatische Aufhängungseinheit (1) nach
einem der vorherigen Ansprüche, wobei der erste
Extrempositionsdämpfer ein elastisches Element
oder ein Drosseln einer Strömungsfläche beinhaltet.

9. Aufhängungssystem für ein Fahrzeug, das eine hy-
dropneumatische Aufhängungseinheit (1) nach ei-
nem der Ansprüche 1-8 umfasst, wobei die hydro-
pneumatische Aufhängungseinheit (1) in einer pneu-
matischen und/oder einer hydraulischen Verbin-
dung mit mindestens einem Systemakkumulator
steht.

10. Aufhängungssystem nach Anspruch 9, das ein Gas-
drosselventil beinhaltet, das zum mindestens teil-
weisen Beschränken der pneumatischen Verbin-
dung zwischen der hydropneumatischen Aufhän-
gungseinheit (1) und dem Systemakkumulator (80,
85) angeordnet ist, so dass nur eine begrenzte Mas-
senströmung, welcher größer als Null ist, bei der
pneumatischen Verbindung erlaubt wird.

Revendications

1. Unité de suspension hydropneumatique (1) pour vé-
hicules, comprenant :

un manchon extérieur (2) ;
un piston d’amortissement (4) conçu pour se dé-
placer en coulissant dans ledit manchon exté-
rieur (2) ;
au moins une vanne d’amortissement (14) po-
sitionnée au moins partiellement dans ledit pis-
ton d’amortissement (4) ;

un manchon intérieur (5) conçu pour se déplacer
en coulissant dans ledit manchon extérieur (2) ;
une première chambre (3) dans le manchon ex-
térieur (2), ladite première chambre (3) étant au
moins partiellement définie par une surface in-
térieure dudit manchon extérieur (2) et dudit pis-
ton d’amortissement (4), ladite première cham-
bre (3) contenant au moins un gaz et au moins
un liquide, ledit gaz étant initialement conçu pour
exercer une action de ressort et ledit liquide ini-
tialement conçu pour exercer une action d’amor-
tissement, ledit gaz étant en contact direct avec
ledit liquide dans ladite première chambre (3) ;
une deuxième chambre (6) au moins partielle-
ment définie par une surface intérieure dudit
manchon intérieur (5) et dudit piston d’amortis-
sement (4),
lesdites première chambre (3) et deuxième
chambre (6) étant en communication fluidique
et ledit flux entre lesdites deux chambres étant
au moins partiellement restreint par ladite au
moins une vanne d’amortissement (14) dans le-
dit piston d’amortissement ;
une pièce de guidage (7) pour guider un mou-
vement relatif dudit manchon intérieur (5) et du-
dit manchon extérieur (2) ; et
un premier amortisseur de position extrême
conçu pour amortir au moins partiellement une
position extrême compressée,
caractérisée par
un second amortisseur de position extrême pour
amortir une position extrême étendue,
ledit second amortisseur de position extrême in-
cluant un étrangleur d’une zone d’écoulement
prévu sous la forme de trous radiaux (10’) dans
le manchon intérieur (5), sachant que, lorsque
l’unité de suspension hydropneumatique (1) se
déplace vers la position extrême étendue, le
manchon extérieur (2) et le manchon intérieur
(5) s’éloignent l’un de l’autre et les trous radiaux
(10’) se ferment lorsqu’ils rentrent dans la pièce
de guidage (7) de manière à réduire la zone
d’étranglement.

2. Unité de suspension hydropneumatique (1) selon la
revendication 1, dans laquelle ladite vanne d’amor-
tissement disposée dans le piston d’amortissement
est une vanne d’amortissement réglable.

3. Unité de suspension hydropneumatique (1) selon la
revendication 1, dans laquelle ledit piston d’amortis-
sement (4) est fixe par rapport au manchon intérieur
(5).

4. Unité de suspension hydropneumatique selon l’une
quelconque des revendications précédentes, in-
cluant une troisième chambre qui est au moins par-
tiellement définie par ladite surface intérieure dudit
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manchon extérieur, une surface extérieure dudit
manchon intérieur, ladite pièce de guidage et ledit
piston d’amortissement.

5. Unité de suspension hydropneumatique selon la re-
vendication 4, dans laquelle ladite troisième cham-
bre est en communication fluidique avec ladite pre-
mière chambre, ladite deuxième chambre, ou leurs
combinaisons, ledit fluide entre ladite troisième
chambre et ladite première chambre, ladite deuxiè-
me chambre, ou leurs combinaisons, étant au moins
partiellement restreint par ledit piston d’amortisse-
ment, un canal d’amortissement, ou leurs combinai-
sons.

6. Unité de suspension hydropneumatique (1) selon
l’une quelconque des revendications précédentes,
dans laquelle ledit premier amortisseur de position
extrême est fonctionnel entre une pièce de guidage
(7) et une bride s’étendant radialement depuis le
manchon intérieur (5).

7. Unité de suspension hydropneumatique (1) selon
l’une quelconque des revendications précédentes,
dans laquelle ledit premier amortisseur de position
extrême est fonctionnel directement ou indirecte-
ment entre ledit manchon extérieur (2) et ledit piston
d’amortissement (4).

8. Unité de suspension hydropneumatique (1) selon
l’une quelconque des revendications précédentes,
dans laquelle ledit premier amortisseur de position
extrême comprend un élément élastique ou un étran-
gleur d’une zone d’écoulement.

9. Système de suspension pour véhicules, comprenant
une unité de suspension hydropneumatique (1) se-
lon l’une quelconque des revendications 1 à 8, ladite
unité de suspension hydropneumatique (1) étant en
connexion pneumatique et/ou hydraulique avec au
moins un accumulateur de système.

10. Système de suspension selon la revendication 9, in-
cluant une vanne d’étranglement de gaz disposée
de manière à restreindre au moins partiellement la-
dite connexion pneumatique entre ladite unité de
suspension hydropneumatique (1) et ledit accumu-
lateur de système (80,85) de manière à ce que seul
un débit massique limité qui est supérieur à zéro soit
permis dans ladite connexion pneumatique.
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