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A wvibration damper with amplitude-dependent damping,
with a cylindrical compensation space attached fluidically,
in parallel to the vibration damper and 1s split by way of a
displaceable separating piston, the vibration damper com-
prising a working piston, the working piston being recerved
displaceably 1n a damper tube, the working piston dividing
the damper tube into a first damping space and a second
damping space, the separating piston being recerved axially
displaceably 1n the compensation space, the separating pis-
ton dividing the compensation space into a first part space
and a second part space, the first part space being connected
fluidically to the first damping space, the second part space
being connected fluidically to the damping space, the vibra-
tion damper being equipped with a throttle device {for
influencing the flmd flow between the first part space and the
first damping space and/or between the second part space
and the second damping space.
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VIBRATION DAMPER, BICYCLE FORK,
SPRING STRUT, AND USE OF A VIBRATION
DAMPER

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a U.S. Non-Provisional that
claims priority to German Patent Application No. DE 10

2022 129 375.0, filed Nov. 7, 2022, and the entire content of
which 1s incorporated herein by reference.

FIELD

[0002] The present disclosure relates to a wvibration
damper, and more specifically to a wvibration damper

equipped with amplitude-dependent damping.

BACKGROUND

[0003] A vibration damper of the abovementioned type

has been disclosed, for example, by EP 1 152 166 Al and DE
103 31 353 B4. Here, a vibration damper 1s described with
amplitude-dependent damping, 1 particular of a vehicle
wheel, with a cylindrical compensation space which 1s
attached fluidically, 1n particular hydraulically, 1n parallel to
the vibration damper and 1s divided by way of an axially
displaceable separating piston.

[0004] The vibration damper has a small spread of the
characteristic curve 1 the damping system. Decoupling
between a comiort characteristic curve and a hard charac-
teristic curve 1s not possible, nor adjustability of the com-
fort-relevant range.

[0005] A passive vibration damper of this type as a rule
has a defined (or variable 1n conjunction with adjustable
valves) damping property (also called characteristic curve).
The use of a cylindrical compensation space which 1is
connected in parallel with a floating piston provides a
stroke-dependent, non-variable second damper characteris-
tic curve which denotes a parallel connection of two char-
acteristic curves over a defined stroke. The vibration damper
has a small spread of the characteristic curve in the damping
system. Decoupling between a comiort characteristic curve
and a hard characteristic curve 1s not possible, nor adjust-
ability of the comifort-relevant range.

[0006] Although a usable vibration damper i1s already
described here, there 1s nevertheless a need for 1mprove-
ment.

[0007] Thus a need exists for an improved vibration
damper, 1n particular of proposing a vibration damper which
can stop or at least decrease the problems outlined above. In
particular, 1t 1s an object of the present disclosure to propose
a vibration damper which can have a more advantageous
spread of the characteristic curve 1n the damping system
and/or by way ol which decoupling between a comiort
characteristic curve and a hard characteristic curve 1s pos-
sible.

[0008] By virtue of the fact that the vibration damper is
equipped with a throttle device for influencing the fluid tlow
between the first part space and the first damping space
and/or between the second part space and the second damp-
ing space, an improved vibration damper can be proposed.
In particular, an improvement can be achieved with regard
to the spread of the characteristic curve in the damping
system and/or decoupling between a comiort characteristic
curve and a hard characteristic curve. In other words, one
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essential concept of the present disclosure lies in making an
infinitely variable adjustability as far as complete Switchjng
ofl of the parallel path possible. The spread 1s improved, 1n
particular, by the adjustable amplitude-selective character-
istic which lies 1n parallel.

BRIEF DESCRIPTION OF THE FIGURES

[0009] Further advantageous details, features and details
of the disclosure will be explained 1n more detail in the
context of the exemplary embodiments illustrated in the
figures, 1n which:

[0010] FIG. 1 shows a section through a vibration damper
according to the disclosure in the region of the working
piston.

[0011] FIG. 2 shows a detailed 1llustration of one embodi-
ment of a vibration damper according to the disclosure 1n a
sectioned side view.

[0012] FIG. 3 shows a bicycle fork 1 a perspective
illustration.

DETAILED DESCRIPTION
[0013] Although certain example methods and apparatus

have been described herein, the scope of coverage of this
patent 1s not limited thereto. On the contrary, this patent
covers all methods, apparatus, and articles of manufacture
tairly falling within the scope of the appended claims either
literally or under the doctrine of equivalents. Moreover,
those having ordinary skill in the art will understand that
reciting “a” element or “an” element 1n the appended claims
does not restrict those claims to articles, apparatuses, sys-
tems, methods, or the like having only one of that element,
even where other elements 1 the same claim or different
claims are preceded by “at least one” or similar language.
Similarly, 1t should be understood that the steps of any
method claims need not necessarily be performed in the
order 1n which they are recited, unless so required by the
context of the claims. In addition, all references to one

skilled 1n the art shall be understood to refer to one having
ordinary skill in the art.

[0014] In one advantageous refinement of the disclosure,
it can be provided that the throttle device 1s configured as a
throttle slide. A throttle slide 1s a satisfactorily controllable
component which 1s advantageously suitable for the envis-
aged purpose. In particular, only a small fault susceptibility
and a high rehability are to be expected, even for an
envisaged long-term use. A throttle slide 1s thus fundamen-
tally configured to allow the fluid flow through in an
ummpeded manner, to throttle 1t or to completely prevent it,
which makes corresponding control of the fluud flow
between the first part space and the first damping space
and/or between the second part space and the second damp-
ing space possible in the present case here.

[0015] It can be provided 1n a further advantageous refine-
ment of the disclosure that the throttle device comprises a
passage opening, a slide and an actuating means of the slide.
The throttle device or the throttle slide can tfundamentally
comprise standard components such as, for example, a
passage opening for the fluid, a slide and an actuating means.

[0016] It can be provided 1n a further advantageous refine-
ment of the disclosure that the slide has a hemispherical tip.
By way of the contour, an envisaged flow behaviour of the
fluid out of or into the passage opening can further advan-
tageously be intluenced, and/or the throughtlow can be set.
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[0017] It can be provided 1n a further advantageous refine-
ment of the disclosure that the actuating means comprises a
spindle drive with a handle, the spindle drive comprising a
threaded spindle and a thread. The embodiment of the
actuating means 1n the abovementioned way 1s robust and
can advantageously be operated by a user.

[0018] It can be provided 1n a further advantageous refine-
ment of the disclosure that the actuating means 1s configured
as an electromechanical, hydraulic or pneumatic actuating
means. The abovementioned possibilities are alternative
actuating means which come into question primarily for an
automated or remote-controllable use. The abovementioned
actuating means can thus be part of an electromically con-
trolled damping system.

[0019] By virtue of the fact that the bicycle fork comprises
a vibration damper according to the disclosure, the advan-
tages outlined above of the vibration damper can be made
usable for the bicycle fork or for a bicycle which 1s equipped
with a bicycle fork of this type, in particular a mountain
bike.

[0020] It can be provided in one advantageous refinement
of the disclosure that the bicycle fork comprises two fork
legs, the fork leg comprising a vibration damper according
to at least one of the preceding claims and a further damper
tube, the damper tube being configured to dip 1nto the further
damper tube.

[0021] By virtue of the fact that the spring strut comprises
a spring and a vibration damper according to the disclosure,
the advantages outlined above of the vibration damper can
be made usable for the spring strut and for a vehicle which
1s equipped with a spring strut of this type.

[0022] An advantageous use ol the wvibration damper
results, 1 particular, as a vibration damper i a motor
vehicle, motorcycle or cycle, preferably a mountain bike.

[0023] It goes without saying here that features and details
which are described 1n conjunction with a method also apply
in conjunction with the apparatus according to the disclo-
sure, and vice versa, with the result that reference 1s always
made or can always be made mutually with regard to the
disclosure 1n respect of the individual aspects of the disclo-
sure. Moreover, a method according to the disclosure which
1s possibly described can be carried out by way of the
apparatus according to the disclosure.

[0024] The terminology used herein serves only for the
purpose of the description of certain embodiments, and 1s
not intended to restrict the disclosure. As used herein, the
singular forms “a/an” and “the” are itended to also contain
the plural forms as long as the context does not make 1t
possible for this to be clearly perceived in some other way.
In addition, 1t will be clear that the terms ‘“has” and/or
“having”, 11 used 1n this description, specily the presence of
the indicated features, integers, steps, operations, elements
and/or components, but do not preclude the presence or the
addition of one or a plurality of other features, integers,
steps, operations, elements, components and/or groups
thereof. As used herein, the term “and/or” contains any
desired element and all combinations of one or more of the
associated, listed elements.

[0025] FIG. 1 shows a section through a vibration damper
in the region of the damper piston. This 1s a monotube
vibration damper. A longitudinal axis L 1s 1llustrated which
runs 1n the axial direction. A damper tube 1 which 1s closed
at the top and at the bottom 1s filled with damping liquid.
Sealed on one side, a piston rod 2 dips 1nto the damper tube
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1 1n an oscillating manner. The damper tube 1 and the piston
rod 2 are connected by way of attachments (not shown) to
the vehicle wheel and the body of a vehicle. A working
piston 3 1s attached (indirectly in the exemplary embodi-
ment) to that end of the piston rod 2 which dips into the
damper tube 1, which working piston 3 divides the interior
space of the damper tube 1 into two damping spaces, 1n
particular a first damping space 4 and a second damping
space 5. Via passage ducts 6 which are each resiliently
covered on one side by way of disc spring assemblies 7, the
damping liquid can flow from one damping space 4, 5 nto
the other damping space 5, 4, the respective disc spring
assembly 7 ensuring damping of this flow.

[0026] In the case of oscillations between the piston rod 2
and the damper tube 1 with a low amplitude, the problem
arises that only small damping forces are required here, 1n
order not to unnecessarily impair the driving comiort, but
the damping force characteristic of the main valves which
are used with disc spring plating does not make correspond-
ing tuning possible, without at the same time decreasing the
damping force even in the range of large excitation ampli-
tudes, which would have a negative influence on the driving
dynamics and dniving safety. Therefore, a cylindrical com-
pensation space 8 1s accommodated 1n a piston rod extension
9 fluidically parallel to the working piston 3. The compen-
sation space 8 1s divided by means of a separating piston 10
into two part spaces, 1n particular a first part space 11 and a
second part space 12. These part spaces 11, 12 are connected
fluidically, 1n particular hydraulically, to 1n each case one
damping space 4, 5, 1n each case via passage openings,
preferably bores 13, 14.

[0027] In particular, the first part space 11 1s connected
fluidically, 1 particular hydraulically, via the passage open-
ing 13 to the first damping space 4. Further preferably, the
second part space 12 1s connected fluidically, in particular
hydraulically, via the passage opening 14 to the second
damping space 5.

[0028] In other words, a compensation space 8 with a
separating piston 10 1s proposed here, which compensation
space 8 1s connected in parallel to the shock absorber
fluidically, 1 particular hydraulically, to the upper and/or
lower damping space 4 and/or 5. The spatial regions pro-
duced by way of the separating piston 10 are designed 1n
such a way that the hydraulic medium of the associated
damping space can flow into them. It 1s therefore then
possible that the respective compensation space 8 which 1s
divided by way of the separating piston can act outside the
working piston as a compensation space for small shock
absorber movements. The respective compensation space
(divided spatial region) can be filled from the top or from the
bottom with hydraulic o1l without substantial damping, until
the membrane or the displaceable fixed disc bears against
one of the two walls of the respective spatial region which
lie opposite one another and are preterably of curved con-
figuration. A relatively undamped movement in the range of
small amplitudes 1s achieved by way of this measure. The
actual damping starts only after these small travels are
exhausted. With regard to further details in respect of the
functional principle, reference can be made to the comments
made 1n this regard in EP 1 152 166 Al and DE 103 51 353
B4.

[0029] The separating piston 10 can have a piston main
body 15 which bears via a radially outer slhiding cuil 16
radially against the cylinder inner wall of the compensation
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space 8, as a result of which the separating piston 10 1s
axially easily displaceable 1n the compensation space 8.

[0030] Furthermore, the separating piston 10 can have an
axial penetration 17 which 1s configured as a central bore 1n
the exemplary embodiment. A bufler 18 1s inserted 1nto this
axial penetration 17. The builer 18 protrudes beyond the two
cover surfaces of the piston main body 15 with a central
bulge 19. In FIG. 1, this central bulge 19 1s provided on both
sides on the separating piston 10 and 1s of approximately
conical configuration. In FIG. 1, furthermore, the bufler is
vulcanized or moulded with 1ts web which penetrates the
axial penetration 17 and 1ts two central bulges 19 1n one
piece 1mnto or onto the piston main body 15.

[0031] The bore 14 which connects the lower part space
12 of the compensation space 8 to the lower damping space
5 1s preterably routed as a central axial bore through the
piston rod extension 9. This would have the consequence
that, when the separating piston 10 comes 1nto contact with
the lower (according to FIG. 1) bottom of the compensation
space 8, sudden closure of the bore 14 would take place, as
a result of which shocks would be induced in the entire
system which are not desired, and the stop buller would be
rapidly destroyed at the bore edge. Therefore, the central
bore 14 1s preferably covered by means of a separating disc
20 on the compensation space side. A plurality of penetra-
tions 21 are provided, in particular, at the edge of the
separating disc 20 for the inflow of the damping liquid from
the bore 14 1nto the lower part space 12 of the compensation
space 8. Therelore, soft contact of the separating piston 10
with that bottom of the compensation space 8 which 1s
configured here as a separating disc 20 1s also ensured 1n the
case of the construction according to FIG. 1. With regard to
the upper bottom 22 1n FIG. 1, this 1s already ensured, in
particular, by the radially outwardly directed bore 13. As an
alternative, the separating disc 20 can be dispensed with 1f
the bore 14 1s configured by way of the recerving pin 23 as
a blind bore and does not penetrate the lower bottom. The
blind bore 1s then connected via one or more additional ducts
to the part space 12. Here, the duct openings lie radially on
the outside on the lower bottom, with the result that the
builer 18 cannot shut off the openings and 1s not destroyed
by the opening edge.

[0032] The piston rod extension 9 which receives the
compensation space 8 1s preferably provided as a welded
construction 1 FIG. 1. Towards the end, 1t has a receiving
pin 23, on which the working piston 3 1s fastened by way of
a screw connection with a nut 24.

[0033] It 1s provided according to the disclosure that the
vibration damper 1s equipped with a throttle device 27 for
influencing the tfluid flow between the second part space 12
and the second damping space 5 and/or between the first part
space 11 and the first damping space 4. The throttle device
27 1s tundamentally configured to allow through the fluid
flow 1n an unimpeded manner, to throttle 1t or to completely
prevent it. FIG. 1 shows one embodiment with a throttle
device 27 for influencing the fluid flow between the second
part space 12 and the second damping space 5. FIG. 2 shows
one embodiment with a throttle device 27 for influencing the
fluud flow between the first part space 11 and the first
damping space 4.

[0034] The throttle device 1s preferably configured as a
shut-ofl throttle, comprising a passage opening 275, a slide
272 and an actuating means for the slide 272. The actuating
means can comprise, for example, a spindle drive with a
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handle 271. The spindle drive can comprise a threaded
spindle 273 and a thread 274. An embodiment of this type

1s shown 1n FIG. 2.

[0035] FIG. 2 shows the throttle device in a completely
open position. The fluid can tlow between the first part space
11 and the first damping space 4 1n an unimpeded manner,
apart from the customary line losses. Here, the flow path
runs through the passage opening 275.

[0036] As soon as the slide 272 partially closes the pas-
sage opening 273, the fluid flow 1s throttled. The slide 272
can also completely close the passage opening 275, with the
result that the fluid flow on this path can no longer flow
between the part space 12 and the damping space 3. The
slide 272 can be displaced via the spindle drive which can
in turn be actuated by a user by way of the handle 271. Other
possibilities of actuation are of course also conceivable, for
example electromechanically, hydraulically, pneumatically,
etc. As provided here, the actuation can be manual, but can
also be part of an autonomous vibration damper regulating
system.

[0037] The o1l tlow from the damping space 4 to the part
space 11 1s shown by way of the dash-dotted line O1, and the
o1l flow from the damping space S to the part space 12 1s
shown for 1llustrative purposes by way of the dash-dotted
line O2.

[0038] The slide 272 can be equipped with a tip 2721
which has a hemispherical contour. By way of the contour,
an envisaged flow behaviour of the fluid out of or into the
passage opening 2735 can be imnfluenced further. Influencing
of the flow behaviour by way of the contour does not take
place, however, 1n the case of a completely closed or
completely open passage opening 275.

[0039] In the case of the exemplary embodiment which 1s
shown 1n FIG. 2, the vibration damper according to the
disclosure 1s part of a front wheel fork, 1n particular of a fork
leg GG, of a bicycle, preferably of a mountain bike. Numerous
possible uses of the vibration damper S are conceirvable, for
example 1n the chassis of a motor vehicle, a motorcycle, etc.
The vibration damper can be part of a spring strut, etc.
[0040] FIG. 3 depicts a perspective illustration of a front
wheel fork, comprising two fork legs G and a top yoke B, of
a bicycle. Here, the damper tube 1 forms a fork leg G
together with a further damper tube 1a. The damper tube 1
can dip 1nto the further damper tube 1a and be pulled out of
it again. It goes without saying that the fork and/or the fork
leg G can comprise further components. The illustration
which 1s selected here 1s merely 1 principle. Ultimately, the
principle of the throttle device 27 1s also implemented here
in order to influence the tluid flow between the part space 12
and the damping space 5 and/or between the part space 11
and the damping space 4. Correspondingly, the fork leg G or
the vibration damper S according to the disclosure which 1s
integrated into the fork leg can have the advantages already
outlined above. An axle connector A for the front wheel axle
(not shown) 1s provided at the end of the further damper tube
la. A top yoke B engages around the damper tube 1 and/or
connects the two fork legs.

[0041] Oail 1s possible as damping flmd, with which the
respective part spaces and damping spaces are filled. How-
ever, other suitable fluids are also conceivable.

[0042] The following reference signs are used in the
drawings:

[0043] L Longitudinal axis

[0044] S Vibration damper



US 2024/0149970 Al

[0045] O1 O1l flow (damping fluid)
[0046] O2 O1l flow (damping tluid)
[0047] G Fork leg

[0048] A Axle connector
[0049] B Top yoke

[0050] 1 Damper tube

[0051] 2 Piston rod

[0052] 3 Working piston
[0053] 4 (First) damping space
[0054] 5 (Second) damping space
[0055] 6 Passage duct

[0056] 7 Disc spring assembly
[0057] 8 Compensation space
[0058] 9 Piston rod extension
[0059] 10 Separating piston
[0060] 11 (First) part space
[0061] 12 (Second) part space
[0062] 13 Bore

[0063] 14 Bore

[0064] 15 Piston main body
[0065] 16 Sliding cuil

[0066] 17 Axial penetration
[0067] 18 Butiler

[0068] 19 Central bulge

[0069] 20 Separating disc
[0070] 21 Penetration

[0071] 22 Bottom

[0072] 23 Receiving pin
[0073] 24 Nut

[0074] 25 Cover surface
[0075] 27 Throttle device
[0076] 271 Handle

[0077] 272 Slide

[0078] 273 Threaded spindle
[0079] 274 Thread

[0080] 275 Passage opening
[0081] 2721 Tip

What 1s claimed 1s:

1. A vibration damper with amplitude-dependent damping
with a cylindrical compensation space which 1s attached
fluidically, 1 particular hydraulically, in parallel to the
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vibration damper and 1s split by way of a displaceable
separating piston, the vibration damper comprising;

a working piston, the working piston being received
displaceably in a damper tube, the working piston
dividing the damper tube 1nto a first damping space and
a second damping space, the separating piston being
received axially displaceably 1 the compensation
space, the separating piston dividing the compensation
space 1nto a {irst part space and a second part space, the
first part space being connected fluidically to the first
damping space, the second part space being connected
fluidically to the second damping space, wherein the
vibration damper includes a throttle device configured
for mfluencing fluid flow between the first part space
and the first damping space and/or between the second
part space and the second damping space.

2. The vibration damper of claim 1, wherein the throttle

device 1s configured as a throttle slide.

3. The vibration damper of claim 1, wherein the throttle
device comprises a passage opening, a slide and an actuating
means for the slide.

4. The vibration damper of claim 1, wherein the shide
comprises a hemispherical tip.

5. The vibration damper of claim 1, wherein the actuating
means comprises a spindle drive with a handle, the spindle
drive comprising a threaded spindle and a thread.

6. The vibration damper of claim 1, wherein the actuating
means 1s configured as an electromechanical, hydraulic or
pneumatic actuating means.

7. A bicycle fork comprising:

a vibration damper (S) of claim 1.

8. The bicycle fork of claim 7, comprising two fork legs
(G3), the fork leg comprising a vibration damper (S) accord-
ing to at least one of the preceding claims and a further
damper tube (1a), the damper tube of the vibration damper
being configured to dip into the further damper tube (1a).

9. A method of using of the vibration damper (S) of claim
1, as a vibration damper on a motor vehicle, motorcycle or
bicycle.
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