wo 2011/040808 A2 110K 100 YOO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. TN
1 rld Intellectual Property Organization /) -sady
(9) World Inclecual Property Organizadon /552 WO AU DA 0
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
7 April 2011 (07.04.2011) PCT WO 2011/040808 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
F16F 9/46 (2006.01) F16F 9/348 (2006.01) kind of national protection available): AE, AG, AL, AM,
FI6F 9/512 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
M I ional Apolication Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Num O CT/NL2010/050625 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
C HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
27 September 2010 (27.09.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
. NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: Dutch SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: 84) Designateq States (unle.ss othemise indicated, for every
2003571 29 September 2009 (29.09.2009) NL kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): KONI ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
B.V. [NL/NL]; Langeweg 1, NL-3261 LJ Oud Beijerland TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(NL). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
(75) Inventor/Applicant (for US only): DE KOCK, Paul E}I;/IV {/I[{L) &%P{\I(SFS’I\]?J’TSF’TEG’ CL CM, GA, GN, GQ,
[NL/NL]; Middelsluissedijk W.Z. 111, NL-3281 LH Nu- i ? - NE, SN, TD, TG).
mansdorp (NL). Published:
(74) Agent: VAN WESTENBRUGGE, Andre; J.W. Friso- —  without international search report and to be republished

laan 13, NL-2517 JS The Hague (NL).

upon receipt of that report (Rule 48.2(g))

(54) Title: ADJUSTABLE SHOCK ABSORBER

(57) Abstract: Shock absorber comprising a piston inside which a sleeve is present which can be operated separately from the pis -
ton. This sleeve is provided with through-flow conduits which can cooperate with apertures, which are fitted at a vertical distance,
of a part of the piston in order to provide an auxiliary flow when the piston is displaced in the cylinder. Such auxiliary flow enters
into a chamber which is delimited by one or more spring plates which act on a sleeve which loads the main valve against opening
when it is pressed down by the spring plate. By filling the chamber with fluid, the load applied on the sleeve by the spring plate is
reduced and the load on the main valve decreases, as a result of which the latter opens more readily.



10

15

20

25

30

WO 2011/040808 PCT/NL2010/050625

Adjustable shock absorber

The present invention relates to a shock absorber according to the preamble of Claim 1.

More particularly, the present invention relates to an adjustable shock absorber, that is
to say a shock absorber whose damping characteristic can be influenced while driving.
From the prior art, designs are known in which the pressure on the main valve is
influenced by sending an auxiliary flow to the piston. The known designs have the
drawback that they need a particularly high adjustment speed which requires
complicated electronics. In addition, sensors have to be fitted both to the wheel and to
the body of the vehicle. Systems of this type which require large numbers of sensors
are highly vulnerable and demand a great deal of expertise during fitting and/or

maintenance.

DE 1455823 discloses a shock absorber whose damping characteristic can be changed
during use. By displacing fluid in an auxiliary conduit, damping becomes increasingly
stiff with progressive movement. By pumping increasingly more fluid into a dedicated
space as strokes are being carried out repeatedly, the shock absorber becomes
increasingly stiff. The reaction of the characteristic of the shock absorber is relatively
slow and is influenced for a number of strokes in the direction in which stiffness

increases. The reduction takes place gradually over a number of strokes.

It is an object of the present invention to provide a relatively simple shock absorber by

means of which the damping characteristics can be influenced particularly rapidly.

This object is achieved with a shock absorber having the features of Claim 1.

According to the present invention, the pressure on the main valve is applied by a
pressure element, such as a sleeve, and said pressure element is pressurized by means
of an auxiliary valve which is embodied as a plate spring. In the closed position, said
auxiliary valve can provide complete sealing, resulting in an on/off situation. However,
it is also possible for a constantly open aperture to be present parallel to said auxiliary

valve, a so-called constant, which makes continuously adjustable control possible. The



10

15

20

25

30

WO 2011/040808 PCT/NL2010/050625

above-described non-return valve is necessary when a parallel aperture is present. This
is the case particularly when such a parallel aperture, which connects both sides of the
piston, is an aperture which can significantly influence the damping. This is due to the
fact that for a rapid reaction, according to an advantageous embodiment of the
invention, an aperture of considerable dimensions is desired, so that the built-up
pressure can be reduced again quickly. The pressure element and auxiliary valve
delimit a part of a chamber into which auxiliary fluid can flow. As more fluid flows
into said chamber, the pressure which is exerted on the pressure element by the
auxiliary valve will be reduced and thus the pressure on the main valve will decrease.
The fluid which flows through the auxiliary conduit and the auxiliary valve is quickly
carried away via an aperture so that the above-described accumulation of pressure via a
number of strokes known from the prior art does not occur. This results in a particularly
rapid adjustment which may lead to a modified characteristic with each stroke and even
with each partial stroke of a shock absorber. More particularly, according to a particular
embodiment of the invention, the flow in the chamber can be influenced by means of a
bush which is present in the piston and can be displaced with respect thereto. This bush
provides a bypass conduit. This bypass conduit for auxiliary fluid also extends through
two spaced-apart apertures in the piston. By moving the position of the bypass conduit
in the bush with respect to the apertures in the piston, it is possible to achieve a greater
or smaller choking effect, as a result of which the effect of the reduction of the pressure
on the main valve can be influenced. Operation of the bush can be effected in any
conceivable way. Thus, it is possible to embody the piston rod to be hollow and thus to
provide an actuating rod for the bush. This can be operated by hand, electrically or in
any other conceivable way at the top end of the piston rod. However, it is also possible
to install wiring in the hollow piston rod which actuates a coil which is fitted near the
piston and which then determines the position of the bush. With electrical
embodiments, it is possible to rapidly adjust the characteristic for each stroke of the
shock absorber or even during the movement of the shock absorber. Such an electrical

embodiment can be realized relatively simply and requires few vulnerable parts.

The above-described principle of controlling the preload on the main valve by using an

auxiliary valve for loading, the applied force of which is reduced when the fluid flow is
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present, can be used both in a direction of movement of the piston with respect to the
cylinder and in both directions of movement of the piston with respect to the cylinder.
In addition, the bush in combination with the delimiting part of the piston in which the
apertures are provided can be configured such that when the auxiliary flow is
influenced in two directions when the passage for the auxiliary flow in one direction is
enlarged, the auxiliary flow in the other direction is, on the contrary, throttled more. If
sufficient flow through the auxiliary conduit can be effected, it is possible by means of
the above-described electrical control mechanism to influence the damping
characteristic during the stroke. This variant, if configured as an electrical device, also
consists of a particularly simple construction comprising few vulnerable components
and exhibiting great operational reliability. By means of the present invention, it is
possible to achieve a so-called “sky hook™-characteristic, without using specific sensors
such as employed in the prior art to be able to influence the shock-absorbing

performance during a damping stroke.

Just like the main flow, the auxiliary flow extends along both sides of the piston and
therefore, a non-return valve can be present therein. Such a non-return valve may be a

separate valve, but may for example also form part of the main valve.

The invention will be explained in more detail below with reference to a number of
exemplary embodiments, in which:

Fig. 1 diagrammatically shows a shock absorber according to the present invention;

Fig. 2 shows a first exemplary embodiment of the piston illustrated in Fig. I;

Fig. 3 shows a further example of the piston illustrated in Fig. 1;

Fig. 4 shows a further variant of the bush used in the piston; and

Fig. 5 shows a further embodiment of the non-return valve used for the auxiliary flow.

Fig. 1 diagrammatically shows a shock absorber which is denoted overall by reference
numeral 1. It consists of a cylinder 2 and a reciprocating piston 3 which, via a piston
rod 4, is connected to a fastening means which is not shown in detail. Piston 3 and
cylinder 2 are attached to the various parts which are to be damped with respect to one

another of, for example, a vehicle.
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Details of a first embodiment of the piston 3 can be seen in Fig. 2. The piston 3
comprises a core 5 which is fixedly connected to the piston rod 4. This core comprises
a cavity 21 in which a bush 6 can be rapidly move to and fro. This bush 6 is hollow and
provided with spaced-apart apertures 7 and 8. Bush 6 can be moved to and fro in the
direction of arrow 10 with respect to the piston rod 4 by means of the rod 9 which is
connected thereto and which can move to and fro inside the piston rod 4. Displacement
can be effected, for example, by means of a piezo element, coil, rotating stepping
motor, manually and the like. In the illustrated position, the apertures 7 and 8 are in
front of the apertures 11 and 12, respectively. By displacing the bush with respect to the
piston, the through-flow passage between apertures 7 and 11, and 8 and 12,
respectively, can be enlarged or reduced. A spring 13 loaded valve 22 is present in the

flow path for fluid indicated by line 23.

Around core 5, ring parts 14 and 25 are provided which are fixedly connected to core 5.
Between the ring parts 14 and 25, a main valve 18 is provided which comprises a
spring-mounted plate. It seals a bore 26 against the passage of the flow denoted by
reference numeral 27. The resistance of the valve 18 to being opened is partly
determined by the pressing of the bottom 20 of a sleeve 15 which is fitted around the
ring part 25 so as to be displaceable with respect thereto. As can be seen in Fig. 2, this
sleeve 15 is pushed down by a spring plate 16. That is to say that the force which the
spring plate 16 exerts on the sleeve 15 and thus on the bottom 20 thereof determines the
opening characteristics of the main valve 18. As the spring plate 16 seals completely in
this exemplary embodiment, an on/off situation arises when reducing the prestressing

force on the sleeve 15.

Between the ring part 25 and the bottom 20 of the sleeve 15, there is a chamber 17

which is at the same pressure as the part of the cylinder 2 situated above the piston 3.

When the piston moves down in the cylinder, the above-described embodiment

functions as follows:
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The main stream indicated by reference numeral 27 experiences a resistance from the
main valve 18 which is determined by the pressure of the ring 20 of the sleeve 15 and
thus by the force of spring plate 16. If a prolonged downward movement takes place
and the bush 6 is positioned such that flow path 23 is open, pressure will build up in
chamber 28. This build-up of pressure is counteracted by the aperture 24. The balance
between influent fluid/discharged fluid determines the build-up of pressure in the
chamber. When pressure builds up, the downward closing force of spring plate 16 on
the sleeve 15 will decrease. As a result thereof, the bottom 20 of sleeve 15 will press on
the main valve 18 with less force, thus opening a larger aperture to the main flow 27.
By moving the bush 6 upwards, a throttling effect can be achieved between the
apertures 7-12and 8-11 and, if desired, complete sealing can be effected. In this
manner, the damping characteristic can be adjusted in a particularly simple way. It is
possible to change the damping characteristic in a simple manner by adjusting the

sleeve 15 and more particularly the bottom 20.

This is due to the fact that, if the point of contact of the main valve 18 with respect to
bottom 20 is moved, the stiffness of the opening part of the main valve 18 will change
due to the fact that the free end of the main valve 18 becomes longer or shorter. Thus,
the optimum setting for the respective vehicle can be found in a simple and

reproducible way.

The above-described effect of influencing the main valve 18 by means of a secondary
fluid flow 23 which reduces the prestressing force of said valve 18 can also take place

in the opposite direction. This is shown in Fig. 3.

The embodiment shown in Fig. 3 is partly identical to the one shown in the first two
figures. Identical parts are provided with the same reference numerals increased by 30.
The bush 36 which is connected to the rod 39 which moves inside the hollow piston rod
34 is embodied such that the device illustrated in Fig. 2 operates in two directions.
Bush 36 is received between springs 71 and 72. The “upper part” of the piston 33
corresponds substantially to what has been described above. This means that an

auxiliary valve 46 embodied as a spring plate is present which, in this example, is
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composed of several spring plates, as a result of which the stiffness of each shock
absorber can also be adapted to the respective vehicle in a simple manner. As was the
case in the preceding example, auxiliary valve 46 actuates a sleeve 45 which in turn
acts on the main valve 48. Under auxiliary valve 46, a chamber 58 is delimited which
can be connected, via apertures 38 and 41, to the displaceable bush (dependent on
whether or not these apertures are in line with one another). Via a conduit 76, aperture
38 opens into a central inlet aperture 77 which, situated opposite aperture 78, forms
part of the part of the piston which is fixedly connected to the piston rod. When the
piston moves downwards, that is to say in the direction of arrow 40, fluid can pass into
the chamber 58 via non-return valve 69 via line 53 and thus reduce pressure on sleeve
45, as a result of which the main valve 48 opens more easily. In contrast to the above-
described example, the auxiliary valve 46 does not effect coniplete sealing of the
chamber 58. A slot 47 is present which provides an aperture which is constantly open
between chamber 58 and the part of the cylinder which is situated above the piston.
This slot 47 provides a so-called constant. A corresponding slot 87 is provided on the

other side and has the same function.

As is indicated here, the structure from Fig. 3 operates in two directions. This is due to
the fact that conduit 76 extends also in the downward direction and can also be
connected to the aperture 77, via non-return valve 80. When the piston is moved
upwards, that is to say counter to the direction of arrow 40, fluid can, via this non-
return valve 80, enter into conduit 76 along line 81 and subsequently, via apertures 37,
42, into chamber 82 which is delimited by auxiliary valve 83, which forces sleeve 84
upwards in order to close the other main valve 85 which operates in the opposite
direction. The characteristic of both main valves 48 and 85 may differ due to the
number of plate parts from which they are composed. Further details of the slot can be

seen in Figs. 3a and 3b.

Due to the presence of a sealed chamber 73 under the bush 36 and the presence of a
conduit 74 which connects this chamber to the part 75 which is situated above the bush,
a load will be applied to rod 39, depending on the direction of movement of the parts to

which the shock absorber 31 is connected. When the actuating rod 39 is connected to a
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sensor (not shown), this information can be used in a simple manner to adjust the shock
absorber. By means of the structure illustrated in Fig. 3, it is possible to change the
shock absorber characteristic considerably by displacing the bush 36. Thus, it is
possible to produce an outwardly hard damping and an inwardly soft damping or the
reverse. If the rod 39 is connected to an electrical control mechanism which reacts, for
example, to an acceleration sensor mounted in the vehicle, it is possible to achieve
damping tailored to the circumstances without having to fear excess due to phase-shift.
In addition, due to the embodiment of the bush 36 and more particularly the positioning
of the various abovementioned apertures, hard inward damping and soft outward
damping or soft inward damping and hard outward damping are always present in

combination.

Due to the presence of the slots 47 and 87 acting as constants, no on/off situation will
occur when a fluid flow occurs in, for example, chamber 58, as was the case with the
above-described example. If the fluid flow is relatively small, the constant 47 will be
able to discharge the fluid without a significant increase in pressure occurring. If the
fluid flow is relatively large, auxiliary valve 46 will be lifted off its seat and the above-
described effect of a reduction in the pressure on the sleeve 45 occurs. By adjusting the
prestress of auxiliary valve 46 and the size of the constant 47, the damping

characteristic can be determined.

By means of the present invention, it is possible to adjust bush 36 at a relatively low

frequency, for example at a frequency of 1-2 Hz.

In both abovementioned exemplary embodiments, the pressure on the main valve is
reduced when filling the chamber which acts on the auxiliary valve as a result of the
fact that the load applied to the main valve by the auxiliary valve is reduced as a result
of the fluid pressure applied to the auxiliary valve. By adjusting the bush or slide 6, 36
and more particularly the apertures thereof to the chamber of the auxiliary valve, the
damping characteristic can be influenced. With the embodiment illustrated in Fig. 3, the
inward and outward damping are then set simultaneously, in which case an

asymmetrical control characteristic can be achieved by means of the position of the
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sealing body 87 and the slot 88 in combination with the apertures 89, 90 and the body
91.

A further variant of the invention is illustrated in Fig. 4. This shows a cylinder part 102
in which a piston which is denoted overall by reference numeral 103 moves up and
down. The piston rod 104 is again hollow and wiring 101 is fitted on the inside for
operating a coil 140 by means of which a displaceable bush 106 can be actuated. The
construction of the main valves and auxiliary valves in this case substantially
corresponds to that which has been shown in Fig. 3. In contrast to the embodiment from
Fig. 3, the bush is not provided with the central sealing body 87. Fluid which enters
conduit 116 can flow unhindered to one of the chambers below the auxiliary valves. A
compensation conduit 112 is present, as a result of which the pressure above and below
the bush 106 is equal, so that the operation thereof is not effected by differences in
pressure. With this embodiment, when the respective opposite aperture of the piston
part is opened further, the other aperture will close, by contrast, due to the positioning
of the sealing bodies 118 and 119. As a result thereof, the controlled variable on the
non-controlled side is inverted, as a result of which a direction sensor, as is used with
prior art shock absorbers, is obsolete with this concept. The operation of the main
valves, auxiliary valves and non-return valves is substantially as has been described

with reference to Figs. 3 and 2.

Fig. 5 illustrates a further variant of the invention. In this case, only the piston 133 is
illustrated, provided with a bush 136 actuated by a coil 140. The apertures or conduits
149, 150 situated opposite the bush are, via auxiliary conduits 148, 151, connected to
the main valves 148, 185 which also function as non-return valve. This application is

particularly suitable for heavy shock absorbers.

Upon reading the above, those skilled in the art will immediately be able to think of
variants which are covered by the scope of the attached claims and which are obvious

after having read the above.
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Claims

Shock absorber (1, 31) comprising a cylinder (2, 32, 102) provided with a
fastening means, a piston (3, 33, 103, 133) which is displaceable therein and
which is connected to a piston rod (4) provided with a fastening means, in which
said piston, for movement in the cylinder, comprises a main passage for a main
flow and an auxiliary passage for an auxiliary flow between the opposite sides of
the piston, in which a pressure-loaded main valve (18, 48, 85) is fitted in the main
passage, in which the pressure on said main valve is applied by a displaceable
pressure element (15, 45) and in which a plate-shaped spring (16, 46) acts on said
pressure element, characterized in that the auxiliary passage extends between
both sides of the piston and a non-return valve (22) is fitted in the auxiliary
passage, the plate-shaped spring is embodied such that the maximum pressure
force is applied by the pressure element on said main valve when the auxiliary
flow through said auxiliary passage is absent and that said auxiliary flow through
said auxiliary passage acts under said plate-shaped spring in order to reduce the

force transmitted thereby onto the pressure element.

Shock absorber according to Claim 1, wherein an adjustable throttling member

(6, 36, 106, 136) is provided in the auxiliary passage for the auxiliary flow.

Shock absorber according to Claim 2, wherein said throttling member comprises
a displaceable slide accommodated in a sleeve, wherein the sleeve and the slide
are provided with apertures which can be arranged opposite one another and

through which extend conduits for the auxiliary flow.

Shock absorber according to Claim 3, wherein said sleeve and slide are provided

with two spaced-apart series of apertures.

Shock absorber according to one of Claims 2-4, wherein said piston rod is holiow

and comprises an operating part for said throttling member.
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10.

11

12.

13.

14.

10

Shock absorber according to one of the preceding claims, wherein said movement

is the inward movement of said piston in said cylinder.

Shock absorber according to one of the preceding claims, wherein said movement

is an inward and outward movement in said cylinder.

Shock absorber according to Claim 3 and 7, wherein said sleeve comprises an
inlet (116) which is common to both the inward and outward stroke and wherein
the part of said sleeve corresponding to said inlet opens out on both sides of the

sealing of the piston cylinder.

Shock absorber according to Claim 2 and Claim 7, wherein said adjustable
throttling member (6, 36, 106, 136) is embodied such that due to its operation the

inward stroke is damped more and the outward stroke is damped less.

Shock absorber according to Claim 2 and Claim 7, wherein said adjustable
throttling member (6, 36, 106, 136) is embodied such that due to its operation, the

inward stroke is damped less and the outward stroke is damped more.

Shock absorber according to one of the preceding claims, wherein said non-return

valve in the auxiliary passage comprises an auxiliary valve.

Shock absorber according to one of the preceding claims, wherein the connection
of said passage to one side of said piston comprises an aperture (47, 24, 87)

embodied as a constant.

Shock absorber according to Claim 12, wherein said aperture (47, 87)

substantially influences the damping characteristic.

Shock absorber according to one of the preceding claims, wherein the main valve
(18, 48, 8S)comprises a spring against which a sleeve (15) is pressed at a

variable force, in which the pressure on said sleeve is produced by an auxiliary
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valve (16) embodied as a spring, said auxiliary valve (16) delimiting a chamber

into which said auxiliary passage opens.
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