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Description
FIELD OF THE INVENTION

[0001] The invention relates to shock absorbers com-
prising a cylinder and a piston movable in the cylinder
along a cylinder wall and dividing the cylinder in a first
chamber and a second chamber at opposing sides of the
piston, the cylinder chamber being filled with a fluid. The
shock absorber comprises a flow and valve arrangement
acting to allow fluid flow in between the first and second
cylinder chambers such as to provide a damping behav-
ior of the shock absorber on inward and/or outward move-
ment of piston and cylinder with respect to one another.

BACKGROUND OF THE INVENTION

[0002] Shock absorbers of this type are generally
known and used, forinstance, in various sorts of vehicles,
such as cars, trucks and trains, although shock absorbers
are also applied in other applications. Application in cars
is well known. The shock absorbers are set to a specific
damping behavior by the design and implementation of
the flow and valve arrangement provided in between the
cylinder chambers. Such design and implementation de-
termines important parameters governing the damping
behavior. When applied in a car, the parameters may be
set such as to provide a stiff damping behavior, which is
often referred to as a sportive setting, or to provide a soft
damping, which is often referred to as a comfortable set-
ting. Damping of wheel and car body movements can be
in conflict, especially in the comfort setting, since eigen-
frequencies of car body and wheel are quite different.
The eigenfrequency of a car body is about 1 Hz and of
the wheel about 11 Hz, which sets different requirements
for (critical) damping. On the one hand a wheel should
be able to follow the road surface while driving, which
requires low damping, but on the other hand the car body
should better not be allowed to swing, which requires
high damping.

[0003] Itis desired to have a shock absorber, or damp-
er, that can be set to both a sportive and a comfortable
setting, as required or desired. Electronic controls have
been proposed for influencing the damping behavior.
Such electronically-controlled shock absorbers are com-
plex, costly and susceptible to malfunction in case of fail-
ure of the electronics. It requires fast sensors, computa-
tion and control units and corresponding wiring of the
various electronic parts.

SUMMARY OF THE INVENTION

[0004] Itis anobjectof the invention to provide a shock
absorber that can be easily be switched between two
settings having different damping behavior, which is cost-
effective and of reliable construction.

[0005] Itis another or alternative object of the invention
to provide a shock absorber having a sportive setting and
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another setting that is being experienced as very com-
fortable.

[0006] It is yet another or alternative object of the in-
vention to provide a shock absorber that provides a good
contact between wheel and road surface, and a good or
critical damping of the care body, especially in a com-
fortable setting of the shock absorber.

[0007] It is yet another or alternative object of the in-
vention to provide a shock absorber of which the damping
behavior is not determined by electronic control.

[0008] At least one of these objects is achieved by a
shock absorber comprising a cylinder; a piston movable
within the cylinder along a cylinder wall, the piston sealing
against the cylinder wall and dividing the cylinder in a
first cylinder chamber at a first piston side of the piston
and a second cylinder chamber at a second piston side
of the piston, the second piston side opposing the first
piston side, and the first and second cylinder chambers
being filled with a fluid; a cylinder attachment constructed
and arranged for attachment to a first part of a vehicle
and connected to the cylinder; a piston attachment con-
structed and arranged for attachment to a second part
of a vehicle and connected to the piston, the piston at-
tachment and cylinder attachment being arranged to
move towards one another on an inward movement and
away from one another on an outward movement; a pri-
mary flow and valve arrangement constructed and ar-
ranged to allow fluid flow in between the first and second
cylinder chambers such as to provide a primary damping
behavior of the shock absorber on inward and/or outward
movement; and an auxiliary flow and valve arrangement
constructed and arranged to allow fluid flow in between
the first and second cylinder chambers such as to provide
an auxiliary damping behavior of the shock absorber on
outward and inward movement, the auxiliary flow and
valve arrangement comprising a first auxiliary flow and
valve arrangement constructed and arranged to allow
fluid flow in between the first and second cylinder cham-
bers such as to provide a first auxiliary damping behavior
of the shock absorber on outward movement, the first
auxiliary damping behavior showing a frequency de-
pendency in which a fluid flow through the first auxiliary
flow and valve arrangement is dependenton afrequency
component in a relative piston cylinder movement of cyl-
inder attachment and piston attachment with respect to
one another; and a second auxiliary flow and valve ar-
rangement constructed and arranged to allow fluid flow
in between the first and second cylinder chambers such
as to provide a second auxiliary damping behavior of the
shock absorber on inward movement, the second auxil-
iary damping behavior showing a substantially linear de-
pendency in which a fluid flow through the second aux-
iliary flow and valve arrangement is substantially linear
dependent on a velocity of the relative piston cylinder
movement, and a switchable valve that can be switched
between a closed position closing off fluid flow through
the auxiliary flow and valve arrangement, and an open
position allowing fluid flow through the auxiliary flow and
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valve arrangement.

[0009] Such shock absorber allows switching between
a sportive (stiff) setting and a comfortable (soft) setting,
while at the same time providing a good wheel contact
with the road surface and preventing the car body from
swinging. The first and second auxiliary flow and valve
arrangements according to the inventions provide such
damping behavior.

[0010] In a advantageous embodiment the first auxil-
iary flow and valve arrangement is configured so as to
decrease fluid flow through the first auxiliary flow and
valve arrangement with decreasing frequency of the fre-
quency component in the relative piston cylinder move-
ment, which proves to be an effective manner to achieve
the desired behavior on outward movement.

[0011] In an effective embodiment the first auxiliary
flow and valve arrangement comprises a first auxiliary
flow channel connecting the first and second cylinder
chambers; a first auxiliary non-return valve arranged in
the first auxiliary flow channel such as to allow fluid flow
on outward movement and to close off fluid flow on inward
movement; a first auxiliary throttling valve arranged in
the first auxiliary flow channel; and a first auxiliary regu-
lating arrangement acting on the first auxiliary throttling
valve such as to regulate fluid flow to provide the fre-
quency dependent damping behavior.

[0012] In an advantageous and effective embodiment
the first throttling valve comprises a first auxiliary plate
valve closing against a first auxiliary valve seat with a
closing force, and the first auxiliary regulating arrange-
ment comprises a movable first auxiliary member on
which the first auxiliary plate valve is arranged, a dis-
placement force due to a fluid pressure within the first
auxiliary flow channel acting to displace the movable first
auxiliary member such as to decrease the closing force
of the first auxiliary throttling valve; and a first auxiliary
chamber having a variable volume and in restricted fluid
flow connection with the first auxiliary flow channel up-
stream of the first auxiliary throttling valve, another dis-
placement force due to a fluid pressure within the first
auxiliary chamber acting to displace the movable first
auxiliary member such as to increase the closing force
of the first auxiliary throttling valve.

[0013] In another advantageous embodiment the first
auxiliary regulating arrangement is configured such that
an effective surface area on which afluid pressure within
the first auxiliary chamber acts to displace the first aux-
iliary member decreases with a displacement of the first
auxiliary member which increases the closing force of
the first auxiliary throttling valve, which assists in provid-
ing a gradual closing of the first auxiliary throttling valve.
[0014] In an effective embodiment the first auxiliary
regulating arrangement comprises a flexible plate pro-
viding a wall of the first auxiliary chamber and being ar-
ranged on a housing of the first auxiliary flow and valve
arrangement and on the movable first auxiliary regulating
member such as to present the effective surface area.
[0015] Preferably, the first auxiliary flow channel com-
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prises arestriction upstream of the first auxiliary throttling
valve and upstream of the connection of the first auxiliary
chamber with the first auxiliary flow channel, which as-
sists in achieving the required damping behavior.
[0016] Advantageously, the first auxiliary non-return
valve and the first auxiliary throttling valve are embodied
by a single first auxiliary throttling non-return valve ,
which allows to employ only one valve for the purpose.
[0017] In another advantageous and effective embod-
iment the second auxiliary flow and valve arrangement
is configured so as to have fluid flow through the second
auxiliary flow and valve arrangement increase with in-
creasing velocity of the relative piston cylinder move-
ment.

[0018] In yet another advantageous embodiment the
second auxiliary flow and valve arrangement comprises
a second auxiliary flow channel connecting the first and
second cylinder chambers; a second auxiliary non-return
valve arranged in the second auxiliary flow channel such
as to allow fluid flow on inward movement and to close
off fluid flow on outward movement; and a second aux-
iliary throttling valve arranged in the second auxiliary flow
channel.

[0019] Effectively, the second auxiliary throttling valve
comprises a second auxiliary plate valve closing against
a second auxiliary valve seat.

[0020] Advantageously, the second auxiliary non-re-
turn valve and the second auxiliary throttling valve are
embodied by a single second auxiliary throttling non-re-
turn valve, which allows to employ only one valve for the
purpose.

[0021] Preferably, the auxiliary flow and valve arrange-
ment additionally comprises an open fluid flow connec-
tion on both inward and outward movements to provide
a comfortable damping behavior at slow and/or small rel-
ative movements of wheel and/or car body.

[0022] Effectively, this is achieved when the firstand/or
second auxiliary flow and valve arrangement additionally
comprises an open fluid flow connection on both inward
and outward movements.

[0023] In another effective embodiment the first and/or
second auxiliary plate valve comprises atleastone open-
ing allowing fluid flow when the first or second auxiliary
plate valve closes against the first or second auxiliary
valve seat, respectively.

[0024] Inan effective embodimentthe switchable valve
comprises a hollow sleeve that is displaceable in a first
part of a switchable valve flow channel, the sleeve having
at least one opening in a side wall, which opening is in
fluid flow communication with the first part of the switch-
able valve flow channel, the at least opening being in
fluid flow communication with a second part of the switch-
able valve flow channel in the open position of the switch-
able valve so as to allow fluid flow through the switchable
valve flow channel, and the atleast one opening not being
in fluid flow communication with the second part of the
switchable valve flow channel in the closed position so
as to close off fluid flow through the switchable valve flow
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channel.

[0025] Switching is advantageously achieved by the
sleeve being connected to a magnet and coil arrange-
ment constructed and arranged such as to allow switch-
ing of the switchable valve between the closed and open
positions.

[0026] Inacompactembodimentthe piston comprises
the auxiliary flow and valve arrangement such as to act
in between the first and second piston sides; and the
switchable valve.

[0027] In a further compact embodiment the piston
comprises the primary flow and valve arrangement such
as to act in between the first and second piston sides.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention will further be explained with ref-
erence to the accompanying drawings in which like or
same reference symbols denote like, same or corre-
sponding parts, and in which

Figure 1 shows an embodiment of a shock absorber
according to the invention;

Figure 2 shows the piston of the shock absorber of
figure 1 in more detail;

Figures 2a and 2b show the first auxiliary flow and
valve arrangement of the embodiment of figure 2
schematically in more detail in positions correspond-
ing to arelatively high frequency and a relatively low
frequency, respectively, of frequency componentsin
the relative piston cylinder movement;

Figure 3 shows an alternative embodiment of the
shock absorber according to the invention; and
Figure 3a shows the auxiliary flow and valve arrange-
ment and the switchable valve of the embodiment of
figure 3 in more detail.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] A shock absorber 10 is shown in figure 1 and
comprises a cylinder 11 and a piston 12 displaceable in
the cylinder along a cylinder wall. The piston seals
against the cylinder wall and divides the cylinder in a first
chamber 13 and a second chamber 14. In the drawings
the first chamber 13 is shown as the upper chamber and
the second chamber 14 as the lower chamber, but for
the purposes of the invention the first chamber may also
be the lower chamber and the second chamber the upper
chamber. A cylinder attachment 15 is connected to the
cylinder and a piston attachment 16 is connected to the
piston 12. A pistonrod 12a extends as a part of the piston
12 to the piston attachment 16. The piston and cylinder
attachments are arranged for attachment to parts of a
vehicle that can move with respectto one anotherin order
to damp their relative movement. Both attachments move
towards one another in an inward movement and away
from one another in an outward movement. The vehicle
may generally be a car, but can also be another vehicle
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like a train. Movements of the car body with respect to a
wheel are damped by a damper as disclosed when the
car is travelling over a surface like a road surface.
[0030] A fluid, not shown as such in the drawings, is
contained in the cylinder chambers 13, 14 and can move
in between cylinder chambers through flow and valve
arrangements provided in and/or on the piston 12 ac-
cording to the embodiments shown in figures 1, 2, 2a and
2b. The fluid can be a liquid, such as oil, or a gas, such
as air. The embodiment of figure 1 is also shown to have
a bottom flow and valve arrangement 17, also referred
to as shortly a bottom valve, which connects second cyl-
inder chamber 17 with a third chamber 18. The third
chamber 18 is in the embodiment of figure 1 provided
around cylinder 11 to provide a so-called twin tube type
of shock absorber. The bottom valve 17 and third cham-
ber 18 add further characteristics to the damping behav-
ior of the shock absorber, but can also be dispensed with.
In the latter case a so-called mono tube type of shock
absorberwould result. Figure 3 shows an alternative em-
bodiment of a shock absorber according to the invention,
in which bottom valve 17 and third chamber 18 are ar-
ranged below second cylinder chamber 14 within one
cylinder housing.

[0031] A primary flow and valve arrangement 100 is in
the embodiment of figure 1 provided in the piston and
comprises flow channels 111, 112 between opposing first
and second sides of the piston 12, as is shown in figure
2. A first piston side is in contact with the first cylinder
chamber 13 and a second piston side is in contact with
the second cylinder chamber 14. The flow channels 111,
112 allow fluid flow in between the first and second cyl-
inder chambers 13, 14. A non-return and throttling valve
121 and a non-return valve 121a close off flow channels
111 at the side of the second flow chamber 14 to only
allow fluid flow from firstto second cylinder chamber upon
outward movement. Spring 131 pretensions valve 121
into a closed position. A non-return and throttling valve
122 and a non-return valve 122a close off flow channels
112 at the side of the first flow chamber 13 to only allow
fluid flow from second to first cylinder chamber upon in-
ward movement. Spring 132 pretensions valve 122 into
a closed position. The primary flow and valve arrange-
ment is dimensioned such that its damping behavior can
be characterized as relatively stiff or sportive. The em-
bodiment of the of the primary flow and valve arrange-
ment disclosed is an example only. The invention is not
restricted to any type of primary flow and valve arrange-
ment. The primary flow and valve arrangement might also
act in one direction only. In the embodiment shown, the
primary flow and valve arrangement is provided in the
piston, but it may also be provided at another suitable
position in between cylinder chamber 13, 14.

[0032] The shock absorber further comprises an aux-
iliary flow and valve arrangement that comprises a first
auxiliary flow and valve arrangement 200 and a second
auxiliary flow and valve arrangement 300. The auxiliary
flow and valve arrangementis in the embodiment offigure
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2 provided on the piston, but may also be provided at
another suitable position. The first auxiliary flow arrange-
ment 200 and second auxiliary flow arrangement 300
have first and second auxiliary flow channels 210 and
310, respectively, that on side connect to the second cyl-
inder chamber 14 and at the other side to flow channel
410 that connects to first cylinder chamber 13. Both first
and second auxiliary flow channels 210 and 310 there-
fore each connectthe firstand second cylinder chambers
13, 14.

[0033] A switchable valve 400 is provided in flow chan-
nel 410. The switchable valve can be switched between
a closed position in which fluid flow through flow channel
410, and therefore through the auxiliary flow and valve
arrangement, is closed off, and an open position in which
fluid flow through flow channel 410, and therefore through
the auxiliary flow and valve arrangement, is allowed (en-
abled). Figure 2 shows the switchable valve 400 in the
open position. In a closed position the switchable valve
400 disables any fluid flow through the auxiliary flow and
valve arrangement and therefore disables the auxiliary
flow and valve arrangement. Only the primary flow and
valve arrangement 100 is active in a closed position of
switchable valve 400, providing a relatively stiff or spor-
tive damping behavior. In an open position the switchable
valve enables the auxiliary flow and valve arrangement
200, 300, which is designed to have a softer or more
comfortable damping behavior than the primary flow and
valve arrangement 100. The damping behavior of the
shock absorber 10 will then predominantly be governed
by the damping behavior of the auxiliary flow and valve
arrangement, which is relatively soft or comfortable. In
this fashion one can switch between a stiff (sportive) set-
ting and a soft (comfortable) setting.

[0034] The first auxiliary flow and valve arrangement
200 only acts in an outward movement of the cylinder
and piston attachments 15, 16 and is configured and di-
mensioned such that it is relatively soft or comfortable
with respect to the behavior of the primary flow and valve
arrangement. Moreover, the damping behavior of the first
auxiliary flow and valve arrangement 200 has a frequen-
cy dependency in which fluid flow through the first aux-
iliary flow and valve arrangement is dependent on a fre-
quency component in a relative piston cylinder move-
ment of cylinder attachment and piston attachment with
respect to one another.

[0035] The first auxiliary flow and valve arrangement
is configured such that fluid flow through the first auxiliary
flow and valve arrangement decreases with decreasing
frequency of the frequency component in the relative pis-
ton cylinder movement. The first auxiliary flow and valve
arrangement acts in a direction keeping the wheels of a
car (vehicle) in good contact with the road (supporting
surface). At higher frequency components the damping
behavior of the first auxiliary flow and valve arrangement
is chosen to be more or less linear in which a fluid flow
through the first auxiliary flow and valve arrangement is
more or less linear dependent on the relative velocity
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between cylinder and piston attachments 15, 16. Rela-
tively less damping is thus provided which provides a
good contact of the wheel with the road. At lower fre-
quency components the damping behavior of the first
auxiliary flow and valve arrangement is chosen to be rel-
atively stiff to give enough damping to provide a decent
driving behavior of the car body. At lower frequencies
relatively more dampingis thus provided than at relatively
higher frequencies, so less damping at relatively fast
movements of wheel with respect to car body and more
damping at relatively slow movements of wheel with re-
spect to car body.

[0036] The first auxiliary flow and valve arrangement
200 comprises a first auxiliary flow channel 210 that pro-
vides, together with flow channel 410, a connection be-
tween first and second cylinder chamber 13, 14. A first
auxiliary non-return valve 220 is arranged in first auxiliary
flow channel 210 such as to only allow fluid flow from first
cylinder chamber 13 to second cylinder chamber 14 on
outward movement. The valve 220 also acts as a throt-
tling valve and thus doubles as a throttling non-return
valve 220 to throttle a fluid flow passing the valve. The
non-return and throttling functions may also be embodied
by separate valves. The first auxiliary throttling non-re-
turn valve 220 is embodied as a plate valve which closes
againstafirstauxiliary valve seat 221 with a closing force.
Plate valve 220 may comprise one or more plates. A plate
valve consisting of multiple plates may be referred to as
a plate pack. The first auxiliary throttling non-return valve
220 as such opens further on a larger pressure differenc-
es across and larger fluid flows through the valve, and
can be configured to provide, as such, a substantially
linear dependency on fluid flow through the valve.
[0037] However, the first auxiliary flow and valve ar-
rangement 200 further comprises a first auxiliary regu-
lating arrangement 230 that acts on the first auxiliary
throttling non-return valve 220 to vary its closing force.
Flow and valve arrangement 200 is arranged to adjust
the closing force of valve 220 in dependency of a fre-
quency component in the relative piston cylinder move-
ment of cylinder attachment (15) and piston attachment
(16) with respect to one another.

[0038] The first auxiliary regulating arrangement com-
prises a movable first auxiliary member 231 on which the
first auxiliary plate valve 220 is provided. A fluid pressure
within first auxiliary flow channel 210 exerts a displace-
ment force on the movable member 231 to displace mov-
able member 231 in a downward direction in figure 2,
which results in a decrease of the closing force of plate
valve 220. Plate valve 220 would therefore open more
easily atincreasing pressure difference across the valve.
Such pressure increase occurs at outward movement
while switchable valve 400 is in the open position.
[0039] First auxiliary regulating arrangement further
comprises a first auxiliary chamber 232 which has a var-
iable volume and is in fluid connection with the first aux-
iliary flow channel 220 upstream of the plate valve 220.
A fluid pressure within the chamber 232 exerts a dis-
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placement force on the movable member 231 to displace
movable member 231 in an upward direction in figure 2,
whichresults in anincrease of closing force of plate valve
220. Plate valve 220 would therefore open less easily at
increasing pressure in chamber 232. Chamber 232 is in
fluid connection with first auxiliary flow channel through
regulating flow channel 233 that provides a restriction to
the fluid flow through the channel. A pressure increase
in flow channel 210 therefore provides for a pressure
increase in chamber 232 with a delay. The time constant
concerned determines the frequency dependency of first
auxiliary flow and valve arrangement 200. The specific
design and dimensioning of the various parts constituting
first auxiliary flow and valve arrangement 200 determine
such time constant. The design may be made more com-
plex to have more thanonetime constantand/oravarying
effective time constant determining the frequency de-
pendency.

[0040] A flexible plate 234 bounds chamber 232 at an
upper side in figure 2 and is arranged lying against mov-
able member 231 in the position of movable member 231
as shown in figure 2 and in more detail in figure 2a. When
movable member 231 is displaced upwards in figure 2,
as is shown in detail in figure 2b, the contact surface of
flexible plate 234 with movable member 231 decreases
since flexible plate 234 is arranged on both movable
member 231 and housing 240 of the first auxiliary flow
and valve arrangement 200. Therefore a displacement
force due to fluid pressure in chamber 232 decreases
since the displacement force is dependent on both the
fluid pressure and the contact surface or effective surface
area 234A (a force is equal to pressure times surface
area). This provides gradual closing of plate valve 220
and influences the effective time constant governing the
frequency dependency. The actual displacement force
acting on movable member and the resulting displace-
ment of movable member 231 is dependent on fluid pres-
sures and effective surface areas on which those pres-
sures are exerted on flow channel and chamber sides of
the movable member.

[0041] Regulating arrangement 230 further comprises,
in the embodiment shown, a (semi-) flexible or rigid plate
235 within chamber 232, which plate 235 is provided with
one or more openings (which may restrict fluid flow) al-
lowing fluid communication between upper and lower
parts of chamber 232. Fluid flows through regulating
channel 233 into lower part of chamber 232 and subse-
quently into upper part of chamber 232. Plate 235 rests
at its outer circumferential edge on a flexible O-ring 236.
The arrangement of plate 235 and O-ring 236 provides
a pretensioning force on plate valve 220. Chamber 232
is at its bottom side in figures 2, 2a and 2b bound by
(semi-) flexible plate 237, which will deform with a pres-
sure difference across plate 237. Another chamber 238
is bound by plate 237 and housing 240. Chamber 238
opens through opening 239, which restricts fluid flow,
into second cylinder chamber 14. The arrangement of
plate 235 with openings, O-ring 236, plate 237, chamber
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238 and opening 239 further effects the effective time
constant(s) and frequency dependency of first auxiliary
flow and valve arrangement 230. Additionally, a valve
might be provided in or over opening 239. Alternatively,
a restrictive opening (with or without valve) may be pro-
vided between chamber 232 and second cylinder cham-
ber 14. Those and other measures also will influence the
effective time constant(s) and frequency dependency of
the first auxiliary flow and valve arrangement 230. Alter-
native embodiments of a first auxiliary flow and valve
arrangement 230 are, for instance, disclosed in WO
03/040586 A, which is incorporated herein by reference.
Figures 2a and 2b show the first auxiliary flow and valve
arrangement in positions corresponding to a relatively
high frequency and a relatively low frequency, respec-
tively, of frequency components in the relative piston cyl-
inder movement

[0042] The second auxiliary flow and valve arrange-
ment 300 only acts in an inward movement of the cylinder
and piston attachments 15, 16 and is also configured and
dimensioned such that it is relatively soft or comfortable
with respect to the behavior of the primary flow and valve
arrangement 100. The damping behavior of the second
auxiliary flow and valve arrangement 200 has a linear
dependency in which afluid flow through the second aux-
iliary flow and valve arrangement is substantially linear
dependent on a velocity of a relative piston cylinder
movement of cylinder attachment and piston attachment
with respect to one another. A large fluid flow will occur
at alarge pressure difference across the second flow and
valve arrangement 200, which will be due to a rapid in-
ward movement of a wheel with respect to the car body
when, for instance, the wheel encounters a bump on the
road surface while driving. It allows the wheel to rapidly
adjusts its position with respect to the car body, while
keeping the car body relatively uninfluenced by the bump
encountered, which is experienced as comfortable by car
driver and passengers.

[0043] The second auxiliary flow and valve arrange-
ment 300 comprises a second auxiliary flow channel 310
that provides, together with flow channel 410, a connec-
tion between first and second cylinder chamber 13, 14.
A second auxiliary non-return valve 320 is arranged in
second auxiliary flow channel 310 such as to only allow
fluid flow from second cylinder chamber 14 tofirst cylinder
chamber 13 on inward movement. The valve 320 also
acts as a throttling valve and thus doubles as a throttling
non-return valve 320 to throttle a fluid flow passing the
valve. The non-return and throttling functions may also
be embodied by separate valves. The second auxiliary
throttling non-return valve 320 is embodied as a plate
valve which closes against a second auxiliary valve seat
321 with a closing force. Plate valve 320 may comprise
one or more plates. In the embodiment of figure 2 the
plate valve 320 is ring-shaped. The ring shape of plate
valve 320 leaves the central area open, which is not very
clearly visible in the figure, to allow fluid connection of
the first auxiliary flow and valve arrangement 200 with
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first cylinder chamber 13.

[0044] Inthe embodimentdisclosedinrelation to figure
2 the second auxiliary flow and valve arrangement 300
is provided in between primary flow and valve arrange-
ment 100 and first auxiliary flow and valve arrangement
200, which is a convenient position in the embodiment
disclosed. The open central area of second auxiliary plate
valve 320 allows fluid flow towards and from first auxiliary
flow and valve arrangement 200. The second auxiliary
flow and valve arrangement 300 may also be provided
at another position.

[0045] Inasituation without pressure difference across
auxiliary flow and valve arrangement 200, 300 the valves
220 and 320 close with a pretension against their respec-
tive valve seats 221, 321. It requires some pressure dif-
ference to overcome the pretension. Large pressure dif-
ference will generally occur at higher car speeds and/or
larger relative movements of wheel and car body (i.e.
cylinder and piston attachments 15, 16) with respect to
one another. To provide a comfort setting in this range
the auxiliary flow and valve arrangement is provided with
an open or constant fluid connection between first and
second cylinder chambers 13, 14, provided the switcha-
ble valve is in the open position. Such open or constant
fluid connection may be provided separately, or in one
or both of the first and second auxiliary flow and valve
arrangements 200, 300. Due to the more complicated
construction of the first auxiliary flow and valve arrange-
ment 200 (also due to the more extreme forces its com-
ponents will experience in practice) the open or constant
fluid connection is most easily and effectively provided
in the second auxiliary flow and valve arrangement 300.
To this end the plate valve comprises one or more open-
ings 325, also referred to as bleed holes, that provide an
open connection across the valve 320 for both inward
and outward movements of cylinder and piston attach-
ments 15, 16 with respect to one another.

[0046] The switchable valve 400 comprises a hollow
cylindrical sleeve 420 arranged in a switchable valve flow
channel 410 that is part of the first and second auxiliary
flow channels 210, 310. The sleeve 420 has openings
421 in its cylindrical side wall, which are in fluid commu-
nication with a first part 411 of the switchable valve flow
channel 410. Top and bottom ends of the cylindrical hol-
low sleeve 420 are open. In an open position of the
switchable valve, as is shown in figure 2, the openings
421 are in fluid communication with a second part 412
of the switchable valve flow channel 410. In the open
position the switchable valve 400 provides fluid commu-
nication between the first cylinder chamber 13 and the
auxiliary flow and valve arrangement 200, 300. Since the
auxiliary flow and valve arrangement is in fluid commu-
nication with the second cylinder chamber 14 a fluid flow
through the auxiliary flow and valve arrangement is en-
abled when the switchable valve 400 is in the open po-
sition. The switchable valve can be switched to a closed
position, in which the openings 421 in the sleeve 420 are
not in fluid communication with the second part 412 of
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the switchable valve flow channel 410. The openings in
the sleeve 420 also provide for a restriction to the fluid
flow through the first and second auxiliary flow channels,
which is effective in achieving the required damping be-
havior. Switching occurs by move sleeve 420 up ordown
along flow channel 410.

[0047] To allow switching the sleeve 420 is connected
to a magnet and coil arrangement having a permanent
magnet 431 attached to the sleeve. The magnet is ar-
ranged within a coil 432 that is electrically connected to
pins 433. When connected to an appropriate electrical
source an electrical current can be provided through the
coil. Applying a current or not through the coil can switch
the valve 400 between open and closed positions. Alter-
natively, providing a current in opposite directions
through the coil can switch the valve 400 between open
and closed positions. Various configurations of the mag-
net and coil arrangement, as well as otherarrangements,
can be envisaged to drive the switchable valve between
closed and open positions. Some further magnet and coil
arrangements are disclosed in WO 2011/040808 A,
which is incorporated herein by reference.

[0048] Figure 3 shows an embodiment of the shock
absorber according to the invention, in which the first and
second auxiliary flow and valve arrangements 200, 300
and switchable valve 400 are not provided in or on the
piston, butalongside the cylinder 11. The firstand second
auxiliary flow channels connect to top and bottom regions
of the first and second cylinder chambers 13, 14, respec-
tively. The first and second auxiliary flow and valve ar-
rangements 200, 300 and switchable valve 400 are con-
figured as is disclosed with respect to the embodiment
of figure 2, but may be embodied in another fashion as
well. Various other embodiments of the invention will be
apparent to the skilled person when having read the
above disclosure in connection with the drawings, all of
which as within the scope of the invention and accom-
panying claims.

Claims
1. A shock absorber (10) comprising

- a cylinder (11);

- a piston (12) movable within the cylinder along
a cylinder wall, the piston sealing against the
cylinder wall and dividing the cylinder in a first
cylinder chamber (13) at afirst piston side of the
piston and a second cylinder chamber (14) at a
second piston side of the piston, the second pis-
ton side opposing the first piston side, and the
first and second cylinder chambers being filled
with a fluid;

- acylinder attachment (15) constructed and ar-
ranged for attachment to a first part of a vehicle
and connected to the cylinder (11);

- a piston attachment (16) constructed and ar-
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ranged for attachment to a second part of a ve-
hicle and connected to the piston (12), the piston
attachment and cylinder attachment being ar-
ranged to move towards one another on an in-
ward movement and away from one another on
an outward movement,

- a primary flow and valve arrangement (100)
constructed and arranged to allow fluid flow in
between the first and second cylinder chambers
(13, 14) such as to provide a primary damping
behavior of the shock absorber on inward and/or
outward movement; and

- an auxiliary flow and valve arrangement (200,
300) constructed and arranged to allow fluid flow
in between the first and second cylinder cham-
bers (13, 14) such as to provide an auxiliary
damping behavior of the shock absorber on out-
ward and inward movement, the auxiliary flow
and valve arrangement comprising

- afirst auxiliary flow and valve arrangement
(200) constructed and arranged to allow flu-
id flow in between the first and second cyl-
inder chambers (13, 14) such as to provide
a first auxiliary damping behavior of the
shock absorber on outward movement, the
first auxiliary damping behavior showing a
frequency dependency in which a fluid flow
through the first auxiliary flow and valve ar-
rangement is dependent on a frequency
component in a relative piston cylinder
movement of cylinder attachment (15) and
piston attachment (16) with respect to one
another; and

- a second auxiliary flow and valve arrange-
ment (300) constructed and arranged to al-
low fluid flow in between the first and second
cylinder chambers (13, 14) such as to pro-
vide a second auxiliary damping behavior
of the shock absorber on inward movement,
the second auxiliary damping behavior
showing a substantially linear dependency
in which a fluid flow through the second aux-
iliary flow and valve arrangement is sub-
stantially linear dependent on a velocity of
the relative piston cylinder movement, and

- a switchable valve (400) that can be switched
between a closed position closing off fluid flow
through the auxiliary flow and valve arrange-
ment, and an open position allowing fluid flow
through the auxiliary flow and valve arrange-
ment.

The shock absorber according to claim 1, wherein
the first auxiliary flow and valve arrangement (200)
is configured so as to decrease fluid flow through the
first auxiliary flow and valve arrangement with de-
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creasing frequency of the frequency component in
the relative piston cylinder movement.

The shock absorber according to claim 1 or 2, where-
in

the first auxiliary flow and valve arrangement (200)
comprises

- a first auxiliary flow channel (210) connecting
the first and second cylinder chambers (13, 14);
- afirstauxiliary non-return valve (220) arranged
in the first auxiliary flow channel (210) such as
to allow fluid flow on outward movement and to
close off fluid flow on inward movement;

- a first auxiliary throttling valve (220) arranged
in the first auxiliary flow channel (210); and

- a first auxiliary regulating arrangement (230)
acting on the first auxiliary throttling valve (220)
such as to regulate fluid flow to provide the fre-
quency dependent damping behavior.

The shock absorber according to claim 3, wherein
the first throttling valve (220) comprises

- afirstauxiliary plate valve (220) closing against
a first auxiliary valve seat (221) with a closing
force, and

the first auxiliary regulating arrangement (230) com-
prises

- a movable first auxiliary member (231) on
which the first auxiliary plate valve (220) is ar-
ranged, a displacement force due to afluid pres-
sure within the first auxiliary flow channel (210)
acting to displace the movable first auxiliary
member (231) such as to decrease the closing
force of the first auxiliary throttling valve (220);
and

- afirst auxiliary chamber (232) having a variable
volume and in restricted fluid flow connection
(233) with the first auxiliary flow channel (210)
upstream of the first auxiliary throttling valve
(220), another displacement force due to a fluid
pressure within the first auxiliary chamber (232)
acting to displace the movable first auxiliary
member (231) such as to increase the closing
force of the first auxiliary throttling valve (220).

The shock absorber according to claim 4, wherein
the first auxiliary regulating arrangement (230) is
configured such that an effective surface area (234A)
on which a fluid pressure within the first auxiliary
chamber (232) acts to displace the first auxiliary
member (231) decreases with a displacement of the
first auxiliary member which increases the closing
force of the first auxiliary throttling valve (220).
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The shock absorber according to claim 5, wherein
the first auxiliary regulating arrangement (230) com-
prises a flexible plate (234) providing a wall of the
first auxiliary chamber (232) and being arranged on
a housing (235) of the first auxiliary flow and valve
arrangement (200) and on the movable first auxiliary
regulating member (231) such as to present the ef-
fective surface area (234A).

The shock absorber according to any one of claims
4 to 6, wherein the first auxiliary flow channel (210)
comprises a restriction upstream of the first auxiliary
throttling valve (220) and upstream of the connection
(233) of the first auxiliary chamber (232) with the first
auxiliary flow channel (210).

The shock absorber according to any one of claims
3to 7, wherein the first auxiliary non-return valve and
the first auxiliary throttling valve are embodied by a
single first auxiliary throttling non-return valve (220).

The shock absorber according to any one of the pre-
ceding claims, wherein the second auxiliary flow and
valve arrangement (300) is configured so as to have
fluid flow through the second auxiliary flow and valve
arrangement increase with increasing velocity of the
relative piston cylinder movement, the second aux-
iliary flow and valve arrangement (300) optionally
comprising

- a second auxiliary flow channel (310) connect-
ing the first and second cylinder chambers (13,
14);

- a second auxiliary non-return valve (320) ar-
ranged in the second auxiliary flow channel
(310) such as to allow fluid flow on inward move-
mentand to close off fluid flow on outward move-
ment; and

- a second auxiliary throttling valve (320) ar-
ranged in the second auxiliary flow channel
(310), the second auxiliary throttling valve (320)
optionally comprising a second auxiliary plate
valve (320) closing against a second auxiliary
valve seat (321).

10. The shock absorber according to claim 9, wherein

11.

the second auxiliary non-return valve and the second
auxiliary throttling valve are embodied by a single
second auxiliary throttling non-return valve (320).

The shock absorber according to any one of the pre-
ceding claims, wherein the auxiliary flow and valve
arrangement additionally comprises an open fluid
flow connection on both inward and outward move-
ments, the first and/or second auxiliary flow and
valve arrangement (200, 300) optionally and addi-
tionally comprising an open fluid flow connection on
both inward and outward movements
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12.

13.

14.

15.

The shock absorber according to claim 11 and claim
4 or 9, wherein the first and/or second auxiliary plate
valve (220, 320) comprises

- at least one opening (322) allowing fluid flow
when the first or second auxiliary plate valve
closes against the first or second auxiliary valve
seat (221, 321), respectively.

The shock absorber according to any one of the pre-
ceding claims, wherein the switchable valve (400)
comprises a hollow sleeve (420) that is displaceable
in afirst part(411) of a switchable valve flow channel
(410), the sleeve having at least one opening (421)
in a side wall, which opening is in fluid flow commu-
nication with the first part (411) of the switchable
valve flow channel (410), the at least opening (421)
being in fluid flow communication with a second part
(412) of the switchable valve flow channel (410) in
the open position of the switchable valve so as to
allow fluid flow through the switchable valve flow
channel, and the atleastone opening (421) notbeing
in fluid flow communication with the second part
(412) of the switchable valve flow channel (410) in
the closed position so as to close off fluid flow through
the switchable valve flow channel, the sleeve (420)
optionally being connected to a magnet and coil ar-
rangement (430) constructed and arranged such as
to allow switching of the switchable valve (400) be-
tween the closed and open positions.

The shock absorber according to any one of the pre-
ceding claims, wherein
the piston (12) comprises

- the auxiliary flow and valve arrangement (200,
300) such as to actin between the first and sec-
ond piston sides; and

- the switchable valve (400).

The shock absorber according to any one of the pre-
ceding claims, wherein
the piston (12) comprises

- the primary flow and valve arrangement (100)
such as to act in between the first and second
piston sides.

Patentanspriiche

1.

StoRdampfer (10), umfassend:

- einen Zylinder (11),

- einen Kolben (12), der innerhalb des Zylinders
langs einer Zylinderwand bewegbar ist, wobei
der Kolben gegeniiber der Zylinderwand ab-
dichtet und den Zylinder in eine erste Zylinder-
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kammer (13) auf einer ersten Kolbenseite des
Kolbens undin eine zweite Zylinderkammer (14)
auf einer zweiten Kolbenseite des Kolbens auf-
teilt, wobei die zweite Kolbenseite der ersten
Kolbenseite gegeniberliegt und wobei die ers-
ten und zweiten Zylinderkammern mit einem
Fluid gefillt sind,

- eine Zylinderbefestigung (15), die zur Befesti-
gung an einem ersten Teil eines Fahrzeugs aus-
gebildet und angeordnet ist und die mit dem Zy-
linder (11) verbunden ist,

- eine Kolbenbefestigung (16), die zur Befesti-
gung an einem zweiten Teil eines Fahrzeugs
ausgebildet und angeordnet ist und die mit dem
Kolben (12) verbunden ist, wobei die Kolbenbe-
festigung und die Zylinderbefestigung angeord-
net sind, um sich auf eine Einwartsbewegung
hin einander zu zu bewegen und auf eine Aus-
wartsbewegung hin sich voneinander weg zu
bewegen,

- eine primare Stromungs- und Ventilanordnung
(100), die ausgebildet und angeordnet ist, um
eine Fluideinstromung zwischen den ersten und
zweiten Zylinderkammern (13, 14) zu ermdogli-
chen, derart, um auf eine Einwarts- und/oder
Auswartsbewegung hin ein primares Damp-
fungsverhalten des StoRdampfers bereitzustel-
len,

-eine Zusatz-Stromungs- und -Ventilanordnung
(200, 300), die ausgebildet und angeordnet ist,
um eine Fluideinstrémung zwischen den ersten
und zweiten Zylinderkammern (13, 14) zu er-
moglichen, derart, um auf eine Auswarts- und
Einwartsbewegung hin ein Zusatz-Dampfungs-
verhalten des StoRdampfers bereitzustellen,
wobei die Zusatz-Stromungs- und -Ventilanord-
nung umfasst:

- eine erste Zusatz-Stromungs- und -Ven-
tilanordnung (200), die ausgebildet und
angeordnet ist, um eine Fluideinstromung
zwischen den ersten und zweiten Zylinder-
kammern (13, 14) zu erméglichen, derart,
um auf eine Auswéartsbewegung hin ein
erstes Zusatz-Dampfungsverhalten des
StoRdampfers bereitzustellen, wobei das
erste Zusatz-Dampfungsverhalten eine
Frequenzabhangigkeit zeigt, bei der eine
Fluidstrdomung durch die erste Zusatz-
Strémungs- und -Ventilanordnung von ei-
ner Frequenzkomponente in einer relati-
ven Kolben-Zylinder-Bewegung der Zylin-
der-Befestigungsanordnung (15) und der
Kolbenbefestigung (16) in Bezug zueinan-
der abhangt,

- und eine zweite Zusatz-Stréomungs- und
-Ventilanordnung (300), die ausgebildet
und angeordnet ist, um eine Fluideinstro-
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mung zwischen den ersten und zweiten Zy-
linderkammern (13, 14) zu ermdglichen,
derart, um auf eine Einwartsbewegung hin
ein zweites Zusatz-Dampfungsverhalten
des StoRdampfers bereitzustellen, wobei
das zweite Zusatz-Dampfungsverhalten ei-
ne im Wesentlichen lineare Abhangigkeit
zeigt, bei der eine Fluidstromung durch die
zweite Zusatz-Stromungs- und -Ventilan-
ordnung von einer Geschwindigkeit der re-
lativen Kolben-Zylinder-Bewegung im We-
sentlichen linear abhangt, und

- ein schaltbares Ventil (400), welches zwi-
schen einer geschlossenen Stellung, wel-
che die Fluidstromung durch die Zusatz-
Strémungs- und -Ventilanordnung ab-
sperrt, und einer offenen Stellung geschal-
tet werden kann, welche eine Fluidstro-
mung durch die Zusatz-Strémungs- und
-Ventilanordnung ermdglicht.

2. StoRdampfer nach Anspruch 1, wobei die erste Zu-
satz-Stromungs- und-Ventilanordnung (200) derart
ausgebildetist, um eine Fluidstromung durch die ers-
te Zusatz-Strémungs- und -Ventilanordnung mit sin-
kender Frequenz der Frequenzkomponente der re-
lativen Kolben-Zylinder-Bewegung zu verringern.

3. StoRdampfer nach Anspruch 1 oder 2, wobeidie ers-
te Zusatz-Stromungs- und-Ventilanordnung (200)
umfasst:

- einen ersten Zusatz-Strdmungskanal (210),
der die ersten und zweiten Zylinderkammern
(13, 14) verbindet,

- ein erstes Zusatz-Rickschlagventil (220), wel-
ches in dem ersten Zusatz-Strémungskanal
(210) derart angeordnet ist, um auf eine Aus-
wartsbewegung hin eine Fluidstromung zu er-
moglichen und auf eine Einwartsbewegung hin
eine Fluidstromung zu sperren,

- ein erstes Zusatz-Drosselungsventil (220),
welches in dem ersten Zusatz-Stromungskanal
(210) angeordnet ist,

- und eine erste Zusatz-Regulieranordnung
(230), die auf das erste Zusatz-Drosselungs-
ventil (220) derart einwirkt, um eine Fluidstro-
mung zur Bereitstellung des frequenzabhangi-
gen Dampfungsverhaltens zu regulieren.

4. StoRdampfer nach Anspruch 3, wobei das erste
Drosselungsventil (220) umfasst:

- ein erstes Zusatz-Plattenventil (220), welches
gegeniliber einem ersten Zusatz-Ventilsitz (221)

mit einer SchlielRkraft schlieft,

und wobei die erste Zusatz-Regulieranordnung
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(230) umfasst:

- ein bewegbares erstes Zusatzglied (231) an
dem das erste Zusatz-Plattenventil (220) ange-
ordnet ist, eine Verschiebekraft aufgrund eines
Fluiddrucks innerhalb des ersten Zusatz-Stro-
mungskanals (210), die wirkt, um das beweg-
bare erste Zusatzglied (231) derart zu verschie-
ben, dass die SchlieRkraft des ersten Zusatz-
Drosselungsventils (220) abnimmt,

- und eine erste Zusatzkammer (232), die ein
veranderbares Volumen aufweist und die mit
dem dem ersten Zusatz-Drosselungsventil
(220) vorgelagerten ersten Zusatz-Strémungs-
kanal (210) in eingeengter Fluidstromungsver-
bindung (233) ist, eine weitere Verschiebekraft
aufgrund eines Fluiddrucks innerhalb der ersten
Zusatzkammer (232), die wirkt, um das ver-
schiebbare erste Zusatzglied (231) derart zu
verschieben, dass die SchlieRkraft des ersten
Zusatz-Drosselungsventils (220) zunimmt.

StoRdampfer nach Anspruch 4, wobei die erste Zu-
satz-Regulieranordnung (230) derart ausgebildet
ist, dass ein effektiver Flachenbereich (234A), auf
den ein Fluiddruck innerhalb der ersten Zusatzkam-
mer (232) wirkt, um das erste Zusatzglied (231) zu
verschieben, mit einer Verschiebung des ersten Zu-
satzgliedes abnimmt, welcher die SchlieRkraft des
ersten Zusatz-Drosselungsventils (220) erhéht.

StoRdampfer nach Anspruch 5, wobei die erste Zu-
satz-Regulieranordnung (230) eine flexible Platte
(234) umfasst, die eine Wand der ersten Zusatzkam-
mer (232) bereitstellt und die an einem Gehause
(235) der ersten Zusatz-Stréomungs- und -Ventilan-
ordnung (200) und an dem bewegbaren ersten Zu-
satz-Regulierglied (231) derart angeordnet ist, um
den effektiven Flachenbereich (234A) darzustellen.

StoRdampfer nach einem der Anspriiche 4 bis 6, wo-
bei der erste Zusatz-Stromungskanal (210) eine
dem ersten Zusatz-Drosselungsventil (220) und der
Verbindung (233) der ersten Zusatzkammer (232)
mit dem ersten Zusatz-Stromungskanal (210) vor-
gelagerte Verengung umfasst.

StoRdampfer nach einem der Anspriiche 3 bis 7, wo-
beidas erste Zusatz-Riickschlagventil und das erste
Zusatz-Drosselungsventil durch ein einziges erstes
Zusatz-Drosselungs-Ruckschlagventil (220) verkor-
pert sind.

StoRdampfer nach einem der vorhergehenden An-
spriche, wobei die zweite Zusatz-Strémungs- und
-Ventilanordnung (300) derart ausgebildet ist, um
durch die zweite Zusatz-Stromungs- und -Ventilan-
ordnung eine Fluidstromung aufzuweisen, die mit
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1.

12.

13.
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zunehmender Geschwindigkeit der relativen Kol-
ben-Zylinder-Bewegung zunimmt, wobei die zweite
Zusatz-Stromungs- und -Ventilanordnung (300) op-
tional umfasst:

- einen zweiten Zusatz-Strémungskanal (310),
der die ersten und zweiten Zylinderkammern
(13, 14) verbindet,

- ein zweites Zusatz-Rickschlagventil (320),
welches in dem zweiten Zusatz-Stromungska-
nal (310) derart angeordnet ist, um auf eine Ein-
wartsbewegung hin eine Fluidstromung zu er-
moglichen und um auf eine Auswartsbewegung
hin eine Fluidstrémung zu sperren,

- und ein zweites Zusatz-Drosselungsventil
(320), welches in dem zweiten Zusatz-Stro-
mungskanal (310) angeordnet ist, wobei das
zweite Zusatz-Drosselungsventil (320) optional
ein zweites Zusatz-Plattenventil (320) umfasst,
welches gegeniiber einem zweiten Zusatz-Ven-
tilsitz (321) schlielt.

StoRdampfer nach Anspruch 9, wobei das zweite
Zusatz-Rickschlagventil und das zweite Zusatz-
Drosselungsventil durch ein einziges zweites Zu-
satz-Drosselungs-Rickschlagventil (320) wverkor-
pert sind.

StoRdampfer nach einem der vorhergehenden An-
spriche, wobei die Zusatz-Stromungs- und -Venti-
lanordnung zusatzlich eine offene Fluidstrémungs-
verbindung sowohl auf Einwarts- als auch auf Aus-
wartsbewegungen hin umfasst, wobei die erste
und/oder die zweite Zusatz-Stromungs- und -Venti-
lanordnung (200, 300) optional und zusatzlich eine
offene Fluidstrdbmungsverbindung sowohl auf Ein-
warts- als auch auf Auswartsbewegungen hin um-
fasst.

StoRdampfer nach Anspruch 11 und Anspruch 4
oder 9, wobeidas erste und/oder das zweite Zusatz-
Plattenventil (220, 320)

-zumindest eine Offnung (322) umfasst, die eine
Fluidstromung ermdglicht, wenn das erste oder
zweite Zusatz-Plattenventilgegeniiberdem ers-
ten bzw. zweiten Zusatz-Ventilsitz (221, 321)
schliel3t.

StoRdampfer nach einem der vorhergehenden An-
spriche, wobeidas schaltbare Ventil (400) eine hoh-
le Hilse (420) umfasst, die in einem ersten Teil (411)
eines schaltbaren Ventilstrmungskanals (410) ver-
schiebbar ist, wobei die Hillse zumindest eine Off-
nung (421) in einer Seitenwand aufweist, wobei die
Offnung sich in Fluidstrémungsverbindung mit dem
ersten Teil (411) des schaltbaren Ventilstrémungs-
kanals (410) befindet, wobei die zumindest eine Off-
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nung (421) sich in Fluidstrémungsverbindung mit ei-
nem zweiten Teil (412) des schaltbaren Ventilstro-
mungskanals (410) in der offenen Stellung des
schaltbaren Ventils befindet, um eine Fluidstrémung
durch den schaltbaren Ventilstrdmungskanal zu er-
mdglichen, wobei die zumindest eine Offnung (421)
sichin der geschlossenen Stellung nichtin Fluidstro-
mungsverbindung mit dem zweiten Teil (412) des
schaltbaren Ventilstromungskanals (410) befindet,
um die Fluidstrémung durch den schaltbaren Ventil-
strdmungskanal zu schlieRen, und wobei die Hilse
(420) optional mit einer Magnet- und Spulenanord-
nung (430) verbunden ist, die so ausgebildet und
angeordnet ist, um ein Schalten des schaltbaren
Ventils (400) zwischen den geschlossenen und of-
fenen Stellungen zu erméglichen.

StoRdampfer nach einem der vorhergehenden An-
spriiche, wobei der Kolben (12) umfasst:

- die Zusatz-Stromungs- und -Ventilanordnung
(200, 300), derart, um zwischen den ersten und
zweiten Kolbenseiten zu wirken,

- und das schaltbare Ventil (400).

StoRdampfer nach einem der vorhergehenden An-
spriche, wobei der Kolben (12)

- die primére Strémungs- und Ventilanordnung
(100) umfasst, derart, um zwischen den ersten
und zweiten Kolbenseiten zu wirken.

Revendications

1.

Amortisseur (10) comprenant :

un cylindre (11) ;

un piston (12) mobile a lintérieur du cylindre le
long d’une paroi de cylindre, le piston réalisant
I'étanchéité contre la paroide cylindre etdivisant
le cylindre en une premiére chambre de cylindre
(13) du premier coté de piston du piston et en
une seconde chambre de cylindre (14) du se-
cond coté de piston du piston, le second cbté
de piston étant opposé au premier coté de pis-
ton, et les premiére et seconde chambres de
cylindre étant remplies avec un fluide ;

une fixation de cylindre (15) fabriquée et agen-
cée pour se fixer a une premiére partie d’'un vé-
hicule et raccordée au cylindre (11) ;

une fixation de piston (16) fabriquée et agencée
pour se fixer a une seconde partie d’'un véhicule
et raccordée au piston (12), la fixation de piston
et la fixation de cylindre étant agencées pour se
déplacer'unevers l'autre suite a un mouvement
vers l'intérieur et a distance 'une de 'autre suite
a un mouvement vers I'extérieur,
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un agencement principal d’écoulement et de
valve (100) fabriqué et agencé pour permettre
I’écoulement de fluide entre les premiére et se-
conde chambres de cylindre (13, 14) afin de
fournir un comportement d’amortissement prin-
cipal de 'amortisseur suite au mouvement vers
I’'intérieur et/ou vers I'extérieur ; et

un agencement auxiliaire d’écoulement et de
valve (200, 300) fabriqué et agencé pour per-
mettre I'écoulement de fluide entre les premiére
et seconde chambres de cylindre (13, 14) afin
de fournir un comportement d’amortissement
auxiliaire a I'amortisseur suite au mouvement
vers I'extérieur et vers l'intérieur, 'agencement
auxiliasire  d’écoulement et de valve
comprenant :

un premier agencement auxiliaire d’écoule-
ment et de valve (200) fabriqué et agencé
pour permettre 'écoulement de fluide entre
les premiére et seconde chambres de cy-
lindre (13, 14) afin de fournir un premier
comportement d’amortissement auxiliaire
de 'amortisseur suite au mouvement vers
'extérieur, le premier comportement
d’amortissement auxiliaire présentant une
dépendance de fréquence dans laquelle un
écoulement de fluide a travers le premier
agencement auxiliaire d’écoulement et de
valve dépend d’une composante de fré-
quence dans un mouvement de piston-cy-
lindre relatif de la fixation de cylindre (15)
et de la fixation de piston (16) 'une parrap-
port a l'autre ; et

un second agencement auxiliaire d’écoule-
ment et de valve (300) fabriqué et agencé
pour permettre 'écoulement de fluide entre
les premiére et seconde chambres de cy-
lindre (13, 14) afin de fournir un second
comportementd’amortissementd’auxiliaire
de 'amortisseur suite au mouvement vers
I'intérieur, le second comportementd’amor-
tissement auxiliaire présentant une dépen-
dance sensiblement linéaire dans laquelle
un écoulement de fluide a travers le second
agencement auxiliaire d’écoulement et de
valve est sensiblement linéaire en fonction
d’une vitesse du mouvement de piston-cy-
lindre relatif, et

une valve commutable (400) qui peut étre
commutée entre une position fermée fer-
mant I'écoulement de fluide a travers
'agencement auxiliaire d’écoulement et de
valve, et une position ouverte permettant
'écoulement de fluide a travers I'agence-
ment auxiliaire d’écoulement et de valve.

2. Amortisseur selon larevendication 1, dans lequel le
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premier agencement auxiliaire d’écoulement et de
valve (200) est configuré afin de diminuer I'écoule-
ment de fluide a travers le premier agencement auxi-
liaire d’écoulement et de valve avec la fréquence
décroissante de la composante de fréquence dans
le mouvement de piston-cylindre relatif

Amortisseur selon la revendication 1 ou 2, dans
lequel :

le premier agencement auxiliaire d’écoulement
et de valve (200) comprend :

un premier canal auxiliaire d’écoulement
(210) raccordant les premiere et seconde
chambres de cylindre (13, 14) ;

une premiere valve auxiliaire de non-retour
(220) agencée dans le premier canal auxi-
liaire d’écoulement (210) afin de permettre
lécoulement de fluide suite au mouvement
vers I'extérieur et empécher I'écoulement
de fluide suite au mouvement vers
lintérieur ;

une premiére valve d’étranglement auxiliai-
re (220) agencée dans le premier canal
d’écoulement auxiliaire (210) ; et

un premier agencement de régulation auxi-
liaire (230) agissant sur la premiere valve
d’étranglement auxiliaire (220) afin de ré-
guler I'écoulement de fluide pour fournir le
comportementd’amortissementen fonction
de la fréquence.

4. Amortisseur selon la revendication 3, dans lequel :

la premiére valve

comprend :

d’étranglement (220)

une premiere valve de plaque auxiliaire
(220) se fermant contre un premier siége
de valve auxiliaire (221) avec une force de
fermeture, et

le premier agencement de régulation auxi-
liaire (230) comprend :

un premier élément auxiliaire mobile
(231) sur lequel estagencée la premie-
re valve de plaque auxiliaire (220), une
force de déplacement due a une pres-
sion de fluide a lintérieur du premier
canal auxiliaire d’écoulement (210)
agissant pour déplacer le premier élé-
ment auxiliaire mobile (231) afin de di-
minuer la force de fermeture de la pre-
miére valve d’étranglement auxiliaire
(220) ; et

une premiére chambre auxiliaire (232)
ayant un volume variable et un raccor-
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dement d’écoulement de fluide limité
(233) avec le premier canal auxiliaire
d’écoulement (210) enamontde la pre-
miére valve d’étranglement auxiliaire
(220), une autre force de déplacement
due aune pressionde fluide a l'intérieur
de la premiére chambre auxiliaire (232)
agissant pour déplacer le premier élé-
ment auxiliaire mobile (231) afin d’aug-
menter la force de fermeture de la pre-
miére valve d’étranglement auxiliaire
(220).

Amortisseur selon la revendication 4, dans lequel le
premier agencement de régulation auxiliaire (230)
est configuré de sorte qu'une surface effective
(234A) surlaquelle une pressiondefluide al'intérieur
de la premiere chambre auxiliaire (232) agit pour dé-
placer le premier élément auxiliaire (231) diminue
avec un déplacement du premier élément auxiliaire
qui augmente la force de fermeture de la premiére
valve d’étranglement auxiliaire (220).

Amortisseur selon la revendication 5, dans lequel le
premier agencement de régulation auxiliaire (230)
comprend une plaque flexible (234) fournissant une
paroide la premiere chambre auxiliaire (232) et étant
agenceé sur un boitier (235) du premier agencement
auxiliaire d’écoulement et de valve (200) et sur le
premier élémentde régulation auxiliaire mobile (231)
afin de présenter la surface effective (234A).

Amortisseur selon 'une quelconque des revendica-
tions 4 a 6, dans lequel :

le premier canal d’écoulement auxiliaire (210)
comprend une restriction en amont de la pre-
miére valve d’étranglement auxiliaire (220) eten
amont du raccordement (233) de la premiere
chambre auxiliaire (232) avec le premier canal
d’écoulement auxiliaire (210).

Amortisseur selon 'une quelconque des revendica-
tions 3 a 7, dans lequel la premiere valve auxiliaire
de non-retour et la premiére valve d’étranglement
auxiliaire sont mises en oeuvre par une premiére
valve de non-retour d’étranglement auxiliaire (220)
unique.

Amortisseur selon 'une quelconque des revendica-
tions précédentes, dans lequel le second agence-
ment auxiliaire d’écoulement et de valve (300) est
configuré afin que I'écoulement de fluide a travers
le second agencement auxiliaire d’écoulement et de
valve augmente avec la vitesse croissante du mou-
vement de piston-cylindre relatif, le second agence-
ment auxiliaire d’écoulement et de valve (300) com-
prenant facultativement :
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12.

13.
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un second canal d’écoulement auxiliaire (310)
raccordant les premiere et seconde chambres
de cylindre (13, 14) ;

une seconde valve de non-retour auxiliaire (320)
agencée dans le second canal d’écoulement
auxiliaire (310) afin de permettre I'écoulement
de fluide suite au mouvement vers l'intérieur et
empécher I'écoulement de fluide suite au mou-
vement vers 'extérieur ; et

une seconde valve d’étranglement auxiliaire
(320) agencée dans le second canal d’écoule-
ment auxiliaire (310), la seconde valve d’étran-
glement auxiliaire (320) comprenant facultative-
ment une seconde valve de plaque auxiliaire
(320) se fermant contre un second siége de val-
ve auxiliaire (321).

Amortisseur selon la revendication 9, dans lequel la
seconde valve de non-retour auxiliaire et la seconde
valve d’étranglement auxiliaire sont mises en oeuvre
par une seconde valve de non-retour d’étranglement
auxiliaire (320) unique.

Amortisseur selon 'une quelconque des revendica-
tions précédentes, dans lequel 'agencement auxi-
liaire d’¢coulement et de valve comprend de plus un
raccordement d’écoulement de fluide ouvert a la fois
suite aux mouvements vers l'intérieur et vers 'exté-
rieur, le premier et/ou le second agencement auxi-
liaire d’écoulement et de valve (200, 300) compre-
nant facultativement et en outre un raccordement
d’écoulement de fluide ouvert a la fois suite aux mou-
vements vers l'intérieur et vers I'extérieur.

Amortisseur selon la revendication 11 et la revendi-
cation 4 ou 9, dans lequel :

la premiére et/ou seconde valve de plaque auxi-
liaire (220, 320) comprend :

au moins une ouverture (322) permettant
'écoulement de fluide lorsque la premiére
ou seconde valve de plaque auxiliaire se
ferme contre le premier ou second siége de
valve auxiliaire (221, 321) respectivement.

Amortisseur selon 'une quelconque des revendica-
tions précédentes, dans lequel la valve commutable
(400) comprend un manchon creux (420) qui est dé-
plagable dans une premiere partie (411) d’'un canal
d’écoulement de valve commutable (410), le man-
chon ayant au moins une ouverture (421) dans une
paroi latérale, laquelle ouverture est en communica-
tion d’écoulement de fluide avec la premiére partie
(411) du canal d’écoulement de valve commutable
(410), laau moins une ouverture (421) étanten com-
munication d’écoulement de fluide avec une secon-
de partie (412) du canal d’écoulement de valve com-
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mutable (410) dans la position ouverte de la valve
commutable afin de permettre I'écoulement de fluide
a travers le canal d’écoulement de valve commuta-
ble, et la au moins une ouverture (421) n’étant pas
en communication d’écoulement de fluide avec la
seconde partie (412) du canald’écoulementde valve
commutable (410) dans la position fermée afin de
fermer I'écoulement de fluide a travers le canal
d’écoulement de valve commutable, le manchon
(420) étant facultativement raccordé a un agence-
ment d’aimant et de bobine (430) fabriqué et agencé
afin de permettre la commutation de la valve com-
mutable (400) entre les positions fermée et ouverte.

14. Amortisseur selon 'une quelconque des revendica-

tions précédentes, dans lequel :
le piston (12) comprend :

'agencement auxiliaire d’écoulement et de
valve (200, 300) afin d’agir entre les premier
et second cotés de piston ; et

la valve commutable (400).

15. Amortisseur selon 'une quelconque des revendica-

tions précédentes, dans lequel :
le piston (12) comprend :
'agencement principal d’écoulement et de

valve (100) afin d’agir entre les premier et
second cbtés de piston.
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