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(57) Abstract: In shock absorber system 10, solenoid 18 varies the damping force by changing the position of spring seat 24, and the
effective preload force, a the same time. In the normal, de-energized condition (with no current), damping forces are generated by
the piston valve 30 including piston 20. The actuated valve spring 16 isrelaxed and set in such away that it applies only aminimum
preload force to the rebound-side disc stack 28. The motion of the plunger 14, pin 32 and movable spring seat 24 assembly changes
the spring force by varying the distance between the movable spring seat 24 and the stationary spring seat 22. In the energized state,
applying current to coil 12 generates apulling force on the plunger 14 in the direction of the core element 34 to attract plunger 14 to-
wards the core 34 and across the initial gap 36 until it isin adirect contact with the core's surface 38. Maintaining plunger 14 at this
position requires applying a continuous constant holding current to coil 12 so that the position of the plunger is preserved (and the
high preload force at the same time). When current isno longer applied to the coil 12, then the pulling force isno longer generated,
and the plunger assembly returns back to the original (soft) position due to the reverse action of the valve spring 16.
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SHOCK ABSORBER SYSTEM AND METHOD

FIELD OF THE INVENTION

The present invention relates to a shock absorber and method of operating a shock absorber

system.

BACKGROUND OF THE INVENTION

Japanese patent 57-173630 discloses a solenoid actuator to vary the preload force in a piston
valve. The force generated by the solenoid acts directly onthe soft-magnetic spring seat which
is a part of the solenoid's magnetic circuit. The solenoid-induced force opposes that of the
main spring in the piston valve, i.e. it reduces it. The actuator controls extension (rebound)

forces. The control can be continuous (step less).

The solenoid actuator generates a pulling force directly onthe valve in order to decrease the
preload force - the force imposed by the spring onthe valve opposes the force generated by
the actuator so that the effective preload force onthe valve isthe difference of the two forces
(spring - actuator). The valve is a part of the magnetic circuit of the actuator to allow for that

action. The seat is a geometric feature onthe piston, i.e. it is fixed.

SUMMARY OFTHE INVENTION

The present invention provides a shock absorber system in which a piston valve spring seat is
fixed to a piston and an actuator generates aforce directly onthe valve increasing the preload
force, characterised inthat the spring seat is connected to, and for movement with, a
moveable element of a solenoid, thereby to cause the position of a plunger to influence the

preload force and so the rebound damping force of the shock absorber.

In this way, the solenoid varies the damping force in a shock absorber by changing the position

of the spring seat, and the effective preload force, at the same time.
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The system of the present invention may include any one or more of the following features:

. the plunger is energisable to a position in contact with the core, thereby to modify the
separation between the movable and stationary valve seats.;

.when the plunger is energised, the force applied is equal to the product of the spring
stiffness ratio and the plunger displacement. ;

.two springs, one spring for applying a constant preload force to the discs in the piston
assembly, and the other spring for providing the additional preload force inthe energised
mode;

. the two springs are co-axial with the constant preload force spring having a smaller
diameter than the additional preload force spring;

. two parallel springs of which one is for applying a constant preload force to the discs in
the piston assembly, and the other spring for providing the additional preload force in the
energised mode;

.the other spring is operable to provide a preload variable according to the spring seat

displacement.

The present invention also provides a method of operating a shock absorber system in which a
piston valve spring seat is fixed to a piston and an actuator generates aforce directly onthe
valve increasingthe preload force, wherein the method is characterized by causing the position
of a plunger to influence the preload force and so the rebound damping force of the shock

absorber.

The method of the present invention may include any one or more of the following features:

.the preload force influence is operable by movement of a spring seat with a moveable
element of a solenoid, the spring seat and the moveable element being connected;

. energising the plunger to a position in contact with the core, thereby to modify the
separation between the movable and stationary valve seats;

. applying an additional preload force, when the plunger is energised, so that the preload
force is a product of the actuated spring stiffness ratio and the plunger travel,

. one spring applies a constant preload force to the discs inthe piston assembly, and
another spring provides the additional preload force inthe energised mode;

.two springs are co-axial with the constant preload force spring having a smaller diameter

than the additional preload force spring;
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. the other spring provides a preload variable according to the spring seat displacement,

. the two springs operate in parallel.

Thus the present invention involves a system in which the valve spring seat position is
adjustable between two or more positions to cause a change in the pre-load force of the
valve. It may be achieved preferably by an electromechanical action - connecting the spring
seat to the movable part of a linear solenoid actuator, for example, a combination with agear

mechanism (linear-to-rotary).

Japanese patent 57-173630 shows a system in which the solenoid actuator generates a pulling
force directly onthe valve in order to decrease the preload force - the force imposed by the
spring on the valve opposes the force generated by the actuator so that the effective preload
force onthe valve is the difference of the two forces (spring - actuator). The valve is a part of
the magnetic circuit of the actuator to allow for that action. The seat is a geometric feature on

the piston, i.e. it is fixed.

In the present invention, the movable spring seat is not a part of the magnetic circuit. Neither
is it in any direct contact with the discs. The actuator is external to the piston valve. The
plunger in the actuator in connected to the spring seat via a connecting pin. The motion of the
plunger (and the spring seat) generates an additional force onthe discs that is equal to the
spring stiffness ratio times the plunger travel. As an effect, the actuator influences the
position of the spring seat on which one spring is located - it is not used for acting directly on

the discs as in the Japanese patent 57-173630.

APPLICATIONS OF THE PRESENT INVENTION

The present invention is applicable to shock absorber systems incorporating electromechanical
solenoids, and also systems in which the motion of the spring seat can be accomplished by an
electrical step motor, piezoelectric or magnetostrictive actuator or a combination of a

motor/solenoid and gear mechanisms.
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Control of extension (rebound) forces (two states) from low (soft) state to high (hard)
state upon the application of the additional preload force to the disc stack;

Possibility of using the type of actuation in a reverse way, i.e. from high rebound forces
to low rebound forces by generating the additional force, i.e. subtracting from the
total force acting onthe disc stack);

The actuating system including the spring is operated in parallel tothe main valve. In
this way, the actuating systems can be easily added to the main valve with few
modification of the main valve's structure;

Low-cost actuation with no expensive controls required in which the change in
increasing the damping forces is achieved by modifying only one single valving control
(variable), namely the preload force;

High latching (holding) force at relatively low holding current with low current
draw/power losses;

Applicable to twin-tube and to mono-tube valves;

A low-cost and low-energy monotube ortwintube damper;

A low-cost and low-energy generic bi-state piston valve for use on any damper

platform.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may more readily understood, a description is now given, by way of

25 example only, reference being made to various embodiments of the present invention, in

which:-

FIGURE 1 is a cross-sectional view of a first embodiment of a shock absorber system of the

present invention in a de-energised state;

FIGURE 2 is across-sectional view of the system of Figure 1in an energised state;

30 FIGURE 3 is a cross-sectional view of a second embodiment of a shock absorber system of the

present invention in a de-energised state;

FIGURE 4 is a cross-sectional view of the system of Figure 3 in an energised state.
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DETAILED DESCRIPTION OF THE DRAWINGS

There is shown in Figure 1 a shock absorber system 10 of the present invention, in which the
solenoid varies the damping force in a shock absorber by changing the position of the spring

seat, and the effective preload force, at the same time.

The system 10 is normally in the soft mode (i.e. low damping forces) as shown in Figure 1, and
it switches into the so-called hard mode (i.e. high damping forces) by applying a current to coil
12 and hence generating a pulling force on plunger 14 located within tenon 15. An actuated
spring 16 pushes the system 10 back into the original position once solenoid 18 incorporating

coil 12 ceases to operate.

Thus, in the normal, de-energized condition (with no current applied to the actuator's coil 12),
the rebound damping forces in the damper are generated by the piston valve 30 (including
piston 20). The actuated valve spring 16 (between the stationary spring seat 22 and movable
spring seat 24) is set in such away that it applies minimum preload force to the rebound-side
disc stack 28 secured by clamping nut 29. The movable spring seat 24 is rigidly connected to
the plunger 14 component of the actuator 30 via connecting pin 32.- The motion of the
assembly incorporating plunger 14, pin 32 and the movable spring seat 24 changes the spring
force on the spring seat 22 by varying the distance between the movable spring seat 24 and

the stationary spring seat 22.

Figure 2 shows system 10 in the energized state, wherein applying current to coil 12 through

the connecting wires 35 inthe solenoid 18 generates a pulling force onthe plunger 14 in the
direction of the core element 34. As a result, the plunger 14 is attracted towards the core 34,
and travels across the initial gap 36 until it is in a direct contact with the core's surface 38.
Maintaining plunger 14 at this position requires applying a continuous holding (or latching)
constant current to coil 12 so that the plunger position is preserved. Holding the plunger in this
position requires a constant current that is substantially lower than the current required to

pull the plunger 14 (and the connected seat 24) towards the core 34. Displacing the plunger 14 -
by the initial gap 36 between the plunger's static position (shown in Figure 1) and the core's
lower surface 38 modifies the distance between the spring seat 22 and the movable spring

seat 24 (that is rigidly connected to plunger 14) so that an additional preload force can be
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applied to the disc stack 28. Again, the force is equal to the actuated spring stiffness ratio

times the plunger travel.

Solenoid 18 is provided with asealing O-ring 37 to prevent oil leakage.

When current is no longer applied to the coil 12, then the pulling force is no longer generated,
and the plunger assembly returns back to the original (soft) position due to the reverse action

of the valve spring 16.

Figures 3 and 4 show a second embodiment of the present invention (such that the same
reference is used asthat in the previous embodiment when the feature is the same) wherein a
shock absorber system 40 is generally similar to system 10 with a principal difference being the
use of two parallel springs, of which the inner (smaller diameter) spring 42 (secured by nut 43)
applies a constant preload force to the discs inthe piston assembly, and the outer (larger
diameter) spring 44 provides the additional preload force onthe discs that is generated by
displacing the (movable) spring seat 24 (once the pulling force is generated by solenoid 18 and
plunger 14 is attracted to the core 34). Inthe de-energized position (Figure 3), outer spring 44
is relaxed and set in such a way that it applies only a minimum preload force to the spring seat

22 (and the disc stack 28 with which it is in contact).

The presence of a preload force results in athreshold initial pressure onthe disc stack 28 that
needs to be overcome by the fluid so that it is allowed to flow through piston valve 30
incorporating piston 20, and disc stack 28. By varying the initial pressure between two distinct

states, two different damping force characteristics can be generated in a shock absorber.

In either embodiment, the actuator's sleeve 13, core 34, plunger 14, tenon 15 are preferably
made of soft-magnetic (low carbon steel) alloys. The connecting pin is preferably made of an
austenitic (non-magnetic) stainless steel grade or a material of similar non-magnetic

properties.

The above illustrated embodiments incorporate atwo-position conventional solenoid 18. The
present invention is also applicable to systems incorporating stepless operation in which the

position of the spring seat 24 is maintained anywhere inthe gap defined by the position of the
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spring seat 24 in the de-energised condition and the position of the plunger 24 in the fully

energized condition (i.e. with the plunger 14 contacting the core element 34).

In one variant of the invention, the "Reverse" operation mode, the default state for this
actuator (in the absence of the pulling force of the actuator) isthe so-called soft state (low
force) in which the plunger 14 (facing the core's surface 38) is at a certain distance from the
core 34 (and the spring 16 onthe movable spring seat 24 is relaxed as well). Only upon the
application of the current isthe plunger pulled toward the core, thus changing the spring
preload force acting onthe discs. This can be changed by designing an actuator in such away
that the default state isthe hard state in which the movable spring 16 is initially compressed

(at no current conditions) so that the maximum preload force onthe disc stack 28 is achieved.

In another variant, the spring assembly acts onthe rebound-side (extension) valves below the
piston 20. This can be changed by moving the spring assembly (incorporating the spring 16, the
movable spring seat 24 and the connecting pin 32) to the other side of the piston, and re-
designing the actuator so that it varies onthe preload force onthe (compression-side) discs

above the piston.
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CLAIMS

1.

A shock absorber system in which a piston valve spring seat is fixed to a piston and an
actuator generates a preload force directly onthe valve increasing the preload force,
characterised in that the spring seat is connected to, and for movement with, a
moveable element of a solenoid, thereby to cause the position of a plunger to

influence the preload force and so the rebound damping force of a shock absorber.

A system according to claim 1wherein the plunger is energisable to a position in
contact with the core, thereby to modify the separation between the movable and

stationary valve seats.

A system according to claim 1 or 2 wherein, when the plunger is energised, the force
applied to the deflected disc stack assembly is a product of the actuated spring

stiffness ratio and the actuator's plunger travel.

A system according to any preceding claim comprising two springs, one spring for
applying a constant preload force to the discs in the piston assembly, and the other

spring for providing the additional preload force inthe energised mode.

A system according to claim 4 wherein the two springs are co-axial with the constant

preload force spring having a smaller diameter than the additional preload force

spring.

A system according to claim 4 or 5 wherein the other spring is operable to provide a

preload variable according to the spring seat displacement.

A method of operating a shock absorber system in which a piston valve spring seat is
fixed to a piston and an actuator generates aforce directly onthe valve increasing the
preload force, wherein the method is characterised by causing the position of a

plunger to influence the preload force and so the rebound damping force.

A method according to claim 8 wherein the preload force influence is operable by
movement of a spring seat with a moveable element of a solenoid, the spring seat and

the moveable element being connected.
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10.

11.

12.

13.

14.

A method according to claim 8 or 9 comprising energising the plunger isto a position
in contact with the core, thereby to modify the separation between the movable and

stationary valve seats.

A method according to any of claims 8to 10 comprising applying an additional preload
force, when the plunger is energised, so the preload force is a product of the actuated

spring stiffness ratio and the plunger travel.

A method according to any of claims 8to 11 wherein one spring applies a constant
preload force to the discs in the piston assembly, and another spring provides the

additional preload force in the energised mode.

A method according to claim 12 wherein the two springs are co-axial with the constant
preload force spring having a smaller diameter than the additional preload force

spring.

A method according to claim 12 or 13 wherein the other spring provides a preload

variable according to the spring seat displacement.

A method according to any of claims 12 to 14 wherein the two springs operate in

parallel.

PCT/CN2011/085171
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