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(67) A damping valve (7) for
incorporation within the bypass
passage (25) of an adjustable
hydraulic damper includes at least
one pressure-dependent spring-
loaded valve (10a) in series with an
axially movable valve member (9)
which is arranged to open or close a
port (8) of the damping valve (7)
under the control of an
electromagnet (11). The damping
valve can be a single-acting valve
which has a single spring-loaded
valve (10a) and which is suitable for
use in a two-tube damper in which
the port (8) leads into a
compensating chamber (21).
Alternatively, the damping valve can
be a double-acting valve which has
two spring-loaded valves in series
and which is suitable for use in a
single tube damper in which the port
leads directly into the lower working
chamber of the damper.
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SPECIFICATION

Adjustable hydraulic dampers and damping
valves therefor

This invention relates to adjustable hydraulic
dampers of the kind which comprise a work-
ing cylinder divided by a working piston se-
cured on a piston rod into two working cham-
bers filled with damping fluid, and which have
a bypass passage in parallel with the working
cylinder. Dampers of this kind will hereinafter
be referred to as of the kind set forth. This
invention also relates to damping valves for
incorporation in the bypass passage of dam-
pers of the kind set forth.

Telescopic hydraulic dampers are known
(e.g. DE-PS 26 55 705 and DE-PS 27 44
301), in which a working cylinder is divided
by a damping piston into two working cham-
bers, the damping piston having valves of a
mechanical construction for producing the
damping force. Such a conventional vibration
damper has the drawback that the associated
damping characteristic is fixed in accordance
with the type of vehicle and consequently is a
compromise for different ride conditions. The
use of such telescopic dampers for the vibra-
tion damping of a vehicle is restricted by the
limited parameters in the operation, and also
different states of loading can exert an influ-
ence on the system.

One known method of active vibration
damping in which the damping force can be
adjusted is disclosed in DE-OS 27 38 455,
However, this arrangement suffers from the
drawback that the damping losses must be
restored by an externally provided pump. Such
a system involving the input of external en-
ergy requires an additional externally fed hy-
draulic system and is consequently very ex-
pensive. Not all types of vehicle have or in-
deed permit the provision of such additional
hydraulic equipment. Moreover, in the event of
failure of the external pump the whole system
fails and the ride safety is no longer guaran-
teed.

Other hydraulic vibration dampers are known
which are electrically controlled, (e.g. DE-AS
14 05 781), and in which the damping char-
acteristic can be adjusted by means of an
electromagnet. In such an arrangement a valve
member alters the cross-sectional area of a
throttle point. However, such throttles only al-
low the setting of a progressive throttling
which acts in parallel with the normal damping
valves to set a markedly restricted force/s-
peed characteristic of the damping piston. It
has turned out in practice that such throttles
are scarcely suited to achieve satisfactorily the
required adjustment of the damping force
characteristic.

It is the aim of the invention to provide a
vehicle damping system with a variable degree
of damping so that any desired adjustment of
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the damping in the extension and contraction
phases can be achieved by means of a vari-
ably controlled damping valve.

According to a first aspect of the present
invention there is provided a damping valve
for incorporation in the bypass passage of an
adjustable hydraulic damper of the kind set
forth, the damping valve comprising at least
one pressure-dependent spring-loaded valve in
series with an axially movable, controllable
valve member which co-operates with a port.

A damping valve in accordance with this
aspect of the invention has the advantage that
it can be incorporated in different variations of
vehicle vibration damping systems. For in-
stance, the damping valve may be arranged in
paraliel with the conventional throttle valves in
the damping piston and/or in the base of the
cylinder, or the damping valve may be
mounted in the bypass passage with non-re-
turn valves arranged in the damping piston or
in the base of the cylinder. Another possibility
is that the damping valve may be arranged in
a lockable vibration damper without further
throttle valves being present in the damping
piston or in the base of the cylinder. A further
advantage is given by the series arrangement
of the pressure-dependent spring-loaded valve,
in that the port and the axially movable con-
trollable valve member can have such a large
cross-sectional area that there is scarcely any
throttling of the damping medium. In this way,
in conjunction with the spring-loaded valve, it
is possible to achieve the required large de-
gree of variability in the damping character-
istics, with the possibie inclusion of parallel-
connected conventional damping valves in the
working piston and/or in the base of the cyl-
inder.

In one preferred form the damping valve is
a single-acting damping valve which has a sin-
gle pressure-dependent spring loaded valve
which is arranged to be located upstream of
the valve member for the normal direction of
fluid flow through the valve. This form of
valve may be conveniently incorporated in the
bypass passage of a two-tube damper of the
kind set forth in which the bypass passage
connects the upper working chamber with a
compensating chamber which is in communi-
cation with the lower working chamber, and in
which the damping fluid is arranged to flow
through the bypass passage and the single-
acting damping valve in the same direction in
the extension and contraction phases.

In another preferred form the damping valve
is a double-acting damping valve which has
two spring-loaded valves in series with the
valve member, one of the spring-loaded valves
being arranged to control the flow of fluid in
one direction through the damping valve and
the other spring-loaded valve being arranged
to control the flow of fluid in the opposite
direction through the damping valve. This form
of valve may be conveniently incorporated in
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the bypass passage of a single-handed dam-
per of the kind set forth in which the bypass
passage forms a direct connection between
the upper working chamber and the lower
working chamber, and in which the damping
fluid flows through the bypass passage and
the double-acting damping valve in opposite
directions in the extension and contraction
phases. -

In a further embodiment the damping valve
has at least two pressure-dependent spring-
loaded valves in series with the axially mov-
able valve member and has at least two sepa-
rate inlets, the port forming an outlet and the
arrangement being such that only one spring-
loaded valve controls the flow of fluid through
the damping valve from a first inlet to the
port, and that two spring-loaded valves in
series control the flow of fluid from the sec-
ond inlet to the port. This embodiment may
be conveniently incorporated in a two-tube
damper of the kind set forth with the port of
the damping valve leading into a compensating
chamber, the first inlet leading from the by-
pass passage which is connected to the upper
working chamber and the second inlet leading
from the lower working chamber. In this ar-
rangement only one spring-loaded valve con-
trols the flow of fluid in the contraction phase
and fluid in the extension phase.

Preferably, in order to achieve a simple and
economical control of the valve, the axially
movable valve member is controlled by an
electromagnet. In this case, the construction
of the valve is conveniently such that damping
fluid can flow around the electromagnet. Fur-
thermore, the armature of the electromagnet
may conveniently constitute the axially mov-
able valve member.

Alternatively, the axially movable valve
member may be exposed to and controlied by
an external fluid pressure.

The damping valve can thus be controlled
either electrically, hydraulically or pneumati-
cally, so that the damping characteristics can
be adjusted to suit the prevailing road and
vehicle conditions. Preferably, the valve mem-
ber is urged by a spring towards the port so
that in its rest condition the vaive member
closes off the port. This helps to ensure that
the ride safety is maintained in the event of
failure of the control of the damping valve
when conventional damping valves operate in
parallel with the bypass.

The port and the valve member may to-
gether constitute a throttle in order to provide
a further degree of variability of the damping
characteristic.

In a preferred embodiment the or each
spring-loaded valve in in the form of a spring-
ioaded disc valve which may comprise & valve
member in the form of at least one spring
disc which is pre-loaded so as 10 be engage-
able with a valve seating. Alternatively, the
spring-loaded disc valve may comprise a valve
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member in the form of a disc which is urged
into engagement with the valve seating by at
least one coil spring.

Preferably, the or each spring-loaded valve
has a permanently open constant throttle be-
tween its valve member and valve seating
which influences the damping force in the
lower range of piston speed.

The or each spring-loaded valve may be
provided with a stop which limits the stroke
of its valve member. As a further possible
variation the valve member of the or each
spring-loaded valve may be engageable with a
second valve seating so as to close the flow
connection when that valve member is ex-
posed to a fluid pressure in excess of a pre-
determined pressure.

The damping valve may be provided with
plurality of feed bores, each of which is of
limited cross-sectional area so as to constitute
a throttle at the inlet of the damping valve.

According to a second aspect the present
invention consists in an adjustable hydraulic
damper of the kind set forth which incorpo-
rates, in its bypass passage, at least one
damping valve in accordance with the first as-
pect of the invention.

A damper in accordance with the second
aspect of the invention may incorporate a plu-
rality of damping valves which are arranged in
parallel. Preferably the same bypass passage
incorporates the plurality of valves.

Where a plurality of damping valves are pro-
vided in the bypass passage of a single tube
damper the arrangement is preferably such
that at least one damping valve controls the
flow of fluid in the contraction phase and at
least one further valve controls the flow of
fluid in the extension phase.

The damping valve or valves may be con-
trolled by an electronic circuit in response 1o
signals produced by a sensor or sensors. In
such an arrangement, with the aid of the ap-
propriate sensors for determining the instanta-
neous values of various parameters, the
damping characteristic can be adjusted to suit
the prevailing condition of loading, the driving
condition of the vehicle and the speed of tra-
vel. A convenient arrangement of a vibration
damping system may be achieved when the
data at the front axle is used as signals for
the rear axle. Moreover a multi-parameter con-
trol system can be provided by the use of
several sensors.

Some preferred embodiments of both as-
pects of the present invention will now be
described by way of example only, with refer-
ence to the accompanying drawings in which:

Figure 1is a diagrammatic section through a
two-tube adjustable hydraulic damper in accor-
dance with the second aspect of the invention
with valves in its damping piston and in its
base and with a single-acting damping valve in
a bypass passage extending from the upper
working chamber into a compensating cham-
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ber;

Figure 2 is a transverse cross-section on the
line N-I of Figure 1;

Figure 3 is a section through a single-acting
damping valve in accordance with the first as-
pect of the invention;

Figure 4 is a section through an arrange-
ment of two single-acting damping valves in
parallel;

Figure 5 is a partial section through another
single-acting damping valve in accordance with
the first aspect of the invention;

Figure 6 is a partial section through a further
single-acting damping valve which has a
spring-loaded disc valve of restricted stroke;

Figure 7 is a section through yet another
single-acting damping valve in accordance with
the first aspect of the invention in which an
electromagnet controlling the valve is im-
mersed in the damping fluid;

Figure 8 is a diagrammatic section through a
single tube adjustable hydraulic damper in ac-
cordance with the second aspect of the inven-
tion which is provided with valves in the pis-
ton and with a double-acting damping valve in
a bypass passage extending from the upper
working chamber into the lower working
chamber;

Figure 9 is a transverse cross-section on the
line IX-1X of Figure 8;

Figure 10 is a section through a damper
similar to that of Figure 8 but in which the
bypass extends from the upper working cham-
ber through an annular space into the lower
working chamber:

Figure 11 is a transverse cross-section on
the line XI-XI of Figure 10;

Figure 12 is a section through a double-
acting valve in accordance with the first as-
pect of the invention and in which an electro-
magnet controlling the valve is immersed in
the damping fluid;

Figure 13 is a section through another dou-
ble-acting damping valve in accordance with
the first aspect of the invention;

Figure 14 is a section through a further dou-
ble-acting damping valve in accordance with
the first aspect of the invention and which has
two spring-loaded disc valves of limited
stroke;

Figure 15 is a diagrammatic section through
a two-tube adjustable hydraulic damper in ac-
cordance with the second aspect of the inven-
tion and which is provided with valves in the
working piston and in its base and with a
damping valve in a bypass passage extending
from the upper working chamber into either
the lower working chamber or the compensat-
ing chamber;

Figure 16 is a transverse cross-section on
the line XVI-XVI of Figure 15:;

Figure 17 is a section through a doubie-
acting damping valve in accordance with the
first aspect of the invention and which is
adapted to be used in the damper of Figure
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15 and 16 in a bypass passage from the up-
per working chamber to the lower working
chamber;

Figure 18 is a section through a triple-acting
damping valve in accordance with the first as-
pect of the invention and which is adapted to
be used in the damper of Figures 15 and 16
in a bypass passage from the upper working
chamber to the compensating chamber.

The two-tube adjustable hydraulic damper il-
lustrated in Figure 1 is a spring suspension
strut for use in a vehicle vibration damping
system. The damper comprises a working cyl-
inder 4 and a damping piston 2 secured on a
piston rod 3. The piston 2 divides the work-
ing chamber 4 into an upper working chamber
5 and a lower working chamber 6. The damp-
ing piston 2 is furthermore fitted with damp-
ing valves. Arranged in the base 20 of the
cylinder 4 are further valves, through which
the volume of damping fluid displaced by the
piston rod is forced into a compensating
chamber 21 which is formed between the wall
of the cylinder 4 and the inner wall of an
outer tube 22.

The upper working chamber 5 is connected
to the compensating chamber 21 through a
bypass comprising a passage 24, a bypass
passage 25 and a damping valve provided in
the bypass passage 25. The damping valve 7
regulates the flow of damping fluid through
the bypass from the upper working chamber 5
into the compensating chamber 21.

Figure 2 is a transverse section through the
damper 1 with the piston 3 being arranged in
its centre and the upper working chamber 5
being connected through the passage 24 and
the bypass passage 25 to the compensating
chamber 21. The bypass passage 25 is
formed by the ground-away portion of a sur-
rounding tubular component.

Figure 3 shows a single-acting damping
valve 7 which is formed as a unit, and which
is incorporated within the bypass passage 25
of a two-tube adjustable damper such as illus-
trated in Figures 1 and 2. In use damping fluid
flows from the bypass passage 25, through
feed bores 18 of the valve 7, past a spring-
loaded valve 10, through the cross-sectional
area 14 of a port 8 and into the compensat-
ing chamber 21. The spring-loaded valve 10 is
formed as a spring-loaded disc valve and has
a constant throttling cross-sectional area 15
which allows flow through the spring-loaded
valve 10 in the low piston velocity range. The
port 8 can be closed by an axially movable
valve member 9 which is controlled by an
electromagnet 11 comprising a coil 13 and an
armature 12. A restoring spring 19 exerts a
permanent force on the valve member so that
when the electromagnet 11 is de-energised
the valve is closed. The housing 26 of the
damping valve 7 is screwed into the outer -
tube 22 of the damper and the electromagnet
11 is sealed from the bypass passage 25 by
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means of seals 27, 28, 29. As the valve sea-
ting of the port 8 is arranged downstream of
the spring-loaded valve 10, in the direction of
the flow from the upper working chamber 5
to the compensating chamber 21, the valve
member 9 is free from any effects of damping
back-pressure, and so a low power electro-
magnet can be provided. Therefore, on energi-
sation of the electromagnet, it is only neces-
sary to overcome the force of the restoring
spring 19. Since the valve housing 26 is
formed as a sealed unit which can be screwed
into the outer-tube 22 of a damper it is a
simple matter to replace the damping valve 7.
In this arrangement the flow through the valve
in the extension and compression phases
takes place in the same direction, namely from
the bypass passage 25, and through the feed
bores 18 in a direction towards the spring-
loaded valve 10.

Figure 4 illustrates an arrangement in which
two damping valves 7a, 7b are connected in
paraliel in a bypass passage 25. The feed
bores 18 of both valves 7a, 7b are connected
together through an annuiar passage 30. The
provision of two or more damping valves ar-
ranged in parallel can permit a further degree
of adjustment if different forms of spring-
loaded valves 10 are used in different damp-
ing valves. The plurality of damping valves
may also be connected so that different
damping characteristics in the extension and
contraction phases can be obtained. An ap-
propriate electronic circuit may, in such an
embodiment, be provided for controlling the
various possible ways of switching the plural-
ity of damping valves.

Figure 5 shows another single-acting damp-
ing valve similar to that of Figure 3 but in
which a second valve seating 17 is provided
for the spring-loaded valve 10a. The spring-
loaded valve 10a can perform an axial stroke
when there is appropriate damping pressure
from the feed bores 18, and when a predeter-
mined pressure is exceeded the spring-loaded
valve 10a engages the second valve seating
17 and thereby closes off the flow of damp-
ing fluid through the valve.

Figure 6 shows a further single-acting damp-
ing valve similar to that of Figure 3 but in
which the valve 10a is restricted in its stoke
by a stop 16. When a predetermined pressure
is reached in the bypass passage the valve
10a engages the stop 16 and a large cross-
sectional area is opened through the spring-
loaded valve 10a. With a further rise in pres-
sure in the feed bores 18 the cross-sectional
area of the opening through the spring-loaded
valve is kept constant.

Figure 7 shows yet another single-acting
damping valve similar to that of Figure 3 but
in which the armature 12 of the electromagnet
is not sealed off so that damping fluid can
flow around it. An advantage of this modifica-
tion is that the sealing for the armature 12
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can be omitted and because the friction is
reduced the power requirements of the elec-
tromagnet 11 can be reduced. This reduction
lies in the fact that the armature 12 does not
have to operate against the pressure of the
damping fluid. Moreover the cooling and the
noise level of the valve 7 are improved.

Figure 8 shows a single tube adjustable hy-
draulic damper for use in a vehicle vibration
damping system in which the upper working
chamber 5 of the damper is directly con-
nected to the lower working chamber 6
through the bypass passage 25. In this case
the damper is a single tube gas pressure dam-
per in which the upper working chamber 5
has an additional dividing piston 31 which se-
parates a gas space 32 from the main work-
ing chamber 5. The damping valve 7 is con-
nected in the bypass passage 25 in such a
manner as to project directly into the upper
working chamber 5. The piston 2 is arranged
to be axially movable in the working cylinder
4 with its stroke limited so that it does not
reach the region of the damping valve 7.

The damping valve 7 of the damper of Fig-
ure 8 has damping fluid flowing through it in
opposite directions in the extension and con-
traction phases. In the extension phase the
fluid passes from the lower working chamber
6 through the bypass passage 25, past the
damping valve 7 and into the upper working
chamber 5, whereas in the contraction phase
the direction of flow is reversed.

Figure 9 shows a section through the dam-
per of Figure 8 with the bypass 25 being
formed between a locally flattened portion of
the working cylinder 4 and an outer tube 22.

Figure 10 also shows a single-tube gas
pressure damper in which the working cylinder
4 is divided by the damping piston 2 into an
upper working chamber 5 and a lower work-
ing chamber 6. A gas space 32 is separated
from the upper chamber 5 by a dividing piston
31. A spring ring 33 is provided for limiting
the axial movement of the dividing piston 31.

In the damper shown in Figure 10 the
damping valve 7 is arranged in an outer tube
22 and the upper working chamber is perma-
nently in communication with an annular space
35 through the bore 34 provided in the work-
ing cylinder 4. This annular space 35 thereby
forms a part of the upper working chamber 5.
The flow through the damping valves 7 in the
contraction phase is from the upper working
chamber through the annular space 35 to the
damping valve 7 and from there through the
bypass passage 25 and the bore 36 into the
tower working chamber 6. In the extension
phase the direction of flow is reversed. As in
the embodiment of Figures 8 and 9 the flow
of fluid through the damping valve 7 is in
opposite directions in the extension and con-
traction phases.

Figure 11 is a section through the damper
of Figure 10 showing the working cylinder 4,
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the annular chamber 35, and the outer tube
22 which is made of double-wall construction.
The inner wall of the outer tube 22 has a
locally flattened portion which forms the by-
pass passage 25 which is in communication
with the lower working chamber 6 through a
bore 36.

Figure 12 shows a double-acting damping
valve 7 which is suitable for incorporation in
the embodiments of Figure 8 and 10 in which
damping fluid flows through the bypass pas-
sage 25 in opposite directions in the exten-
sion and contraction phases. Figure 12 in par-
ticular shows the damping valve 7 disposed
between a bypass passage 25 and an annular
space 35 such as shown in Figure 10. The
damping valve 7 once again has a port 8
which can be closed off by an axially movable
valve member 9 and two spring-loaded valves
in the form of spring discs 10a and 10b
which control the flow of the fluid through the
valve in different directions. The valve member
9 is provided with a central bore 37 by
means of which the electromagnet 11 is im-
mersed in damping medium. When the valve
member 9 opens the port 9 fluid flows
through the damping valve 7 in the contrac-
tion phase from the annular space 35, through
the port 8, past the spring-loaded valve 10a
and through the bores 18 which serve as dis-
charge bores into the bypass passage 25 and
from there into the lower working chamber 6.

In the extension phase, the fluid flows from
the bypass passage 25, through bores 18
which now serve as feed bores, past the
spring-loaded valve 10b and through the port
8 into the annular space 35 and thence into ]
the upper working chamber 5.

Figures 13 and 14 show damping valves 7
which are modifications of the double-acting
valve illustrated in Figure 12.

In Figure 13 the spring-loaded valves 10a
and 10b are each provided with a second
valve seating, 17a and 17b respectively. In
this arrangement the second valve seatings
17a and 17b act in a similar manner to the
valve seating 17 of Figure 5, that is when a
predetermined pressure is exceeded, the
damping valve 7 is blocked off by one of the
spring-loaded valves 10a or 10b. In the con-
traction phase, when the predetermined pres-
sure is reached, the spring-loaded valve 10a
engages the second valve seating 17a. In the
extension phase, when the predetermined
pressure is reached, the spring-loaded valve
10b engages the second valve seating 17b
and thereby prevents further flow through the
damping valve 7. The construction of the
spring-loaded valves 10a and 10b may be
varied to set a different predetermined pres-
sure.

In Figure 14 the spring-loaded valves 10a
and 10b are each provided with a stop, 16a
and 16b respectively. By means of the stops
the stroke of each of the spring-loaded valves
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10a and 10b is restricted so that when a
predetermined pressure is exceeded the cross-
sectional area for the flow does not increase
any further. The valve 10a is constructed so
that when the predetermined pressure is ex-
ceeded in the contraction phase the stop 16a
is engaged. In the extension phase and with
the flow in the opposite direction the valve
10b is displaced until it engages the stop
16b.

Figure 15 shows a two-tube vibration dam-
per in which the bypass passage 25 connects
the upper working chamber 5 either directly to
the lower chamber 6 or to the compensating
chamber 21 and the lower working chamber
6. In these arrangements the damping valve 7
is mounted by means of a flange on the outer
tube 22 and is connected to the lower work-
ing chamber 6 through an intermediate ring
38.

Figure 15a shows in detail the intermediate
ring 38 which is provided with an opening 39.
Figure 16 is a section through the damper
of Figure 15 and shows the working cylinder

4, the piston rod 3 and an outer tube 22,
again of double-wall construction. The bypass
passage 25 is again formed by a locally flat-
tened portion on the inner wall of the outer
tube.

Figure 17 shows a double-acting damping
valve incorporated in the damper illustrated in
Figure 15. The working cylinder 4 of the dam-
per is surrounded by the intermediate ring 38
and the valve housing 26 of the damping
valve is screwed to the outer tube 22 of the
damper. In this embodiment damping fluid
again flows through the damping valve in op-
posite directions in the extension and contrac-
tion phases. In the contraction phase the
damping fluid flows from the lower working
chamber 6, through the port 8, past the
spring-loaded valve 10a and through the bores
18 into the bypass passage 25. In the exten-
sion phase the damping fluid flows in the op-
posite direction from the upper working cham-
ber 5 through the bypass passage 25 and the
feed bores 18, past the spring-loaded valve
10b and through the port 8 into the lower
working chamber 6.

Figure 18 shows a further damping valve
which is suitable for use in the embodiment of
Figure 15. Here the damping valve 7 is pro-
vided with a valve member 9 which is of
stepped shape having cylindrical portions 9a
and 9b of larger diameter and an intermediate
portion of smaller diameter. The cylindrical
portion 9a can open or close off a port 8a
leading in to the compensating chamber 21
through at least one opening 40, but the
lower working chamber 6 is permanently cut
off from the compensating chamber 12 by the
cylindrical portion 9b of the valve member 9.
The valve member 9 also has a central bore
37 which is in communication with the lower
working chamber 6.
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When the bypass passage is opened by the
damping valve, i.e., when the port 8a is
opened by the cylindrical portion 9a, the
damping fluid flows in the contraction phase,
from the lower working chamber 6 through
the opening 39 in the intermediate ring 38,
through the central bore 37, past the spring-
loaded valve 10a and then both through the
bores 18 into the bypass passage 15 and
also through the spring-loaded valve 10b past
the port 8a and the openings 40 and into the
compensating chamber 21. This means that in
the contraction phase the damping fluid
passes through both spring-loaded valves 10a
and 10b and is thereby distributed both to the
upper working chamber 5 and also into the
compensating chamber 21.

In the extension phase, the damping fluid
flows from the lower working chamber pas-
sage 25, past the feed bores 18 to the
spring-loaded valve 10b, through the port 8a
and the openings 40 and into the compensat-
ing chamber 21. This means that with the
valve member in the same position, in the
contraction phase the flow is through both
spring-loaded valves 10a and 10b in series,
whereas in the extension phase the fluid only
flows through valve 10b.

CLAIMS

1. A damping valve for incorporation in the
bypass passage of an adjustable hydraulic
damper of the kind set forth, the damping
valve comprising at least one pressure-depen-
dent spring-loaded valve in series with an axi-
ally movable, controllable valve member which
co-operates with a port.

2. A single-acting damping valve according
to claim 1, which has a single pressure-depen-
dent spring-loaded valve which is arranged to
be located upstream of the axially movable
valve member for the normal direction of fluid
flow through the valve.

3. A damping valve according to claim 1,
which has at least two pressure-dependent
spring-loaded valves in series with the axially
movable valve member.

4. A double-acting damping valve according
to claim 3, in which one of the spring-loaded
valves is arranged to control the flow of fluid
through the damping valve in one direction,
and another spring-loaded valve is arranged to
control the flow of fluid through the damping
valve in the opposite direction.

5. A damping valve according to claim 3,
which has at least two inlets and in which the
port forms an outlet, the arrangement being
such that only one spring-loaded valve con-
trols the flow of fluid from a first inlet to the
port and two spring-loaded valves in series
control the flow of fluid from a second inlet to
the port.

6. A damping valve according to claim 5, in
which the axially movable valve member is
provided with an axial bore which extends to
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one end of the member to form one of the
inlets.

7. A damping valve according to any of the
preceding claims, in which the axially movable
valve member is controlled by an electromag-
net.

8. A damping valve according to claim 7, in
which the construction of the valve is such
that damping fluid can flow around the elec-
tromagnet.

9. A damping valve according to claim 7 or
claim 8, in which the armature of the electro-
magnet constitutes the axially movable valve
member.

10. A damping valve according to any of
claims 1 to 6,in which the axially movable
member is exposed to and is controlled by an
external fluid pressure.

11. A damping valve according to any of
the preceding claims, in which the port and
the valve member together constitute a throt-
tle. .

12. A damping valve according to any of
the preceding claims, in which the valve mem-
ber is spring-urged towards the port so that in
its rest condition the valve member closes off
the port.

13. A damping valve according to any of
the preceding claims, in which the or each
spring-loaded valve is in the form of a spring-
loaded disc valve.

14. A damping valve according to claim 13,
in which the or each spring-loaded disc valve
comprises a valve member in the form of at
least one spring disc which is pre-loaded so
as to be engageable with a valve seating of
the disc valve.

15. A damping valve according to claim 13,
in which the or each spring-loaded disc valve
comprises a valve member in the form of a
disc which is urged into engagement with a
valve seating of the disc valve by at least one
coil spring.

16. A damping valve according to any of
the preceding claims, in which the or each
spring-loaded valve has a permanently open
throttle between its valve member and its
valve seating.

17. A damping valve according to any of
the preceding claims, in which the or each
spring-loaded valve has a stop which limits
the stroke of its valve member.

18. A damping valve according to any of
claims 1 to 16, in which the valve member of
the or each spring-loaded valve is engageable
with a second valve seating so as to close off
communication through the valve when the
valve member is exposed to a fluid pressure
in excess of a predetermined pressure.

19. A damping valve according to any of
the preceding claims, which is provided with a
plurality of feed bores, each feed bore being
of limited cross-sectional area so as to consti-
tute a throttle.

20. A single-acting damping valve according




GB2164723A

7

10

15

20

25

30

35

40

45

50

55

60

65

to claim 2 and substantially as described
herein with reference to any one of Figures 3,
5, 6 or 7 of the accompanying drawings.

21. A double acting damping valve accord-
ing to claim 4 and substantially as described
herein with reference to any one of Figures
12, 13, 14 or 17 of the accompanying draw-
ings.

22. A damping valve according to claim 5
and substantially as described herein with ref-
erence to Figure 18 of the accompanying
drawings.

23. An adjustable hydraulic damper of the
kind set forth which incorporates, in its by-
pass passage, at least one damping valve in
accordance with any of the preceding claims.

24. An adjustable hydraulic damper of the
kind set forth in which the bypass passage is
arranged to connect the upper working cham-
ber to a compensating chamber which is in
communication with the lower working cham-
ber, the bypass passage incorporating at least
one single-acting damping valve in accordance
with claim 2, or any of claims 7 to 20 as
dependent from claim 2, the arrangement be-
ing such that damping fluid flows through the
bypass passage and the damping valve in the
same direction in the extension and contrac-
tion phases of the damper.

25. An adjustable hydraulic damper of the
kind set forth in which the bypass passage
forms a direct connection between the upper
working chamber and the lower working
chamber, thc bypass passage incorporating at
least one double-acting damping valve in ac-
cordance with claim 4, or any one of claims 7
to 19 or 21 as dependent from claim 4, the
arrangement being such that damping fluid
flows through the bypass passage and the
damping valve in opposite directions in the
extension and contraction phases of the dam-
per.

26. An adjustable hydraulic damper of the
kind set forth in which the bypass passage
forms a direct connection between the upper
working chamber and the lower working
chamber, the bypass passage incorporating a
plurality of single-acting damping valves in ac-
cordance with claim 2, or any one of claims 7
to 20 as dependent from claim 2, at least one
of the damping valves being arranged to con-
trol the flow of damping fluid through the by-
pass passage in one direction in the extension
phase of the damper, and at least one other
of the valves being arranged to control the
flow of damping fluid through the bypass pas-
sage in the opposite direction in the contrac-
tion phase of the damper.

27. An adjustable hydraulic damper of the
kind set forth in which the bypass passage is
arranged to connect the upper working cham-
ber to a compensating chamber which is in
communication with the lower working cham-
ber, the bypass passage incorporating at least
one damping valve in accordance with claim
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5, or any one of claims 6 to 19 or 22 as
dependent from claim 5, the arrangement be-
ing such that the port of the damping valve
leads into the compensating chamber and the
first inlet is in communication with the lower
working chamber so that only one spring-
loaded valve controls the flow of fluid in the
extension phase and two spring-loaded valves
in series control the flow of fluid in the con-
traction phase.

28. An adjustable hydraulic damper accord-
ing to any one of claims 23 to 25 or 27
which incorporates a plurality of damping
valves arranged in parallel in the bypass pas-
sage.

29. An adjustable hydraulic damper accord-
ing to any one of claims 23 to 28 in which
the bypass passage is formed by a flattened
or ground-away portion of a tubular compo-
nent of the damper.

30. An adjustable hydraulic damper accord-
ing to any one of claims 23 to 29 in which an
electronic circuit is provided to control the
damping valve or valves in response to signals
produced by a sensor or sensors.

31. An adjustable hydraulic damper substan-
tially as described herein with reference to
Figures 1 and 2 of the accompanying draw-
ings and which incorporates one or more sin-
gle-acting damping valves substantially as de-
scribed herein with reference to any one of
Figures 3 to 7 of the-accompanying drawings.

32. An adjustable hydraulic damper substan-
tially as described herein with reference to
Figures 8 and 9 of the accompanying draw-
ings and which incorporates a double-acting
damping valve substantially as described
herein with reference to any one of Figures 12
to 14 of the accompanying drawings.

33. An adjustable hydraulic damper substan-
tially as described herein with reference to
Figures 10 and 11 of the accompanying draw-
ings and which incorporates a double-acting
damping valve substantially as described
herein with reference to any one of Figures 12
to 14 of the accompanying drawings.

34. An adjustable hydraulic damper substan-
tially as described herein with reference to
Figures 15 and 16 of the accompanying draw-
ings and which incorporates a damping valve
substantially as described herein with refer-
ence to Figure 17 of the accompanying draw-
ings.

35. An adjustable hydraulic damper substan-
tially as described herein with reference to
Figures 15 and 16 of the accompanying draw-
ings and which incorporates a damping valve
substantially as described herein with refer-
ence to Figure 18 of the accompanying draw-
ings.
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