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(54) HYDRAULIC DAMPING VALVE

(57) A damping valve (2) for a hydraulic damper (D)
comprises a valve housing (4) comprising an inlet cham-
ber (20) and an outlet chamber (22). A housing valve
seat (28) is arranged between the inlet chamber (20) and
the outlet chamber (22). A valve element (6) having a
cylindrical first portion (8) is slidably received in a cylin-
drical bore (10) of the valve housing (4) and a second
portion has a valve surface for selectively engaging and
disengaging the housing valve seat (28) to allow passage
of hydraulic fluid between the inlet chamber (20) and the
outlet chamber (22). A spring element (40) is mounted
within the valve housing (4) for biasing the valve element
(6) into engagement with the housing valve seat (28).
The bore (10) of the valve housing (4) has a closed end

defining a bore chamber (76) between an end (56) of the
first portion of the valve element (6) and the closed end
of the bore (10). At least one first passage (A) provides
fluid communication between the bore chamber (76) and
the inlet chamber (20). At least one second passage (B)
provides fluid communication between the bore chamber
(76) and the inlet chamber (20). A one-way valve (63) is
located in the at least one second passage (B) and is
configured to allow flow in the at least one second pas-
sage (B) in a direction from the inlet chamber (20) to the
bore chamber (76), but to block flow in the at least one
second passage (B) in a direction from the bore chamber
(76) to the inlet chamber (20).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to hydraulic
dampers and in particular to a hydraulic damping valve
for use by hydraulic damper.

BACKGROUND

[0002] Hydraulic dampers are used in a wide variety
of applications. One application may be in the damping
of helicopter rotor blades. Helicopter rotor blades may
perform undesirable vertical, rotational or longitudinal
movements relative to a rotor hub in use and hydraulic
dampers may be used in damping such movements
[0003] The damper typically comprises a damping
valve which comprises a spring loaded valve element
arranged between inlet and outlet chambers of a valve
housing and to which hydraulic fluid is supplied or re-
moved. Depending on the relative pressures existing in
the inlet and outlet chambers, the valve element may
open to allow hydraulic fluid to pass through a nozzle
formed between the valve element and its housing. The
flow of hydraulic fluid through passages in the valve pro-
vides a damping effect. A hydraulic damping valve of this
type is disclosed in EP 3328884 A1.
[0004] The present disclosure provides a damping
valve of this type.

SUMMARY

[0005] According to a first aspect of the present disclo-
sure, there is provided a damping valve for a hydraulic
damper. The valve comprises a valve housing compris-
ing an inlet chamber and an outlet chamber, a housing
valve seat arranged between the inlet chamber and the
outlet chamber and a a valve element having a cylindrical
first portion slidably received in a cylindrical bore of the
valve housing and a second portion having a valve sur-
face for selectively engaging and disengaging the hous-
ing valve seat to allow passage of hydraulic fluid between
the inlet chamber and the outlet chamber. A spring ele-
ment is mounted within the valve housing for biasing the
valve element into engagement with the housing valve
seat. The bore of the valve housing has a closed end
defining a bore chamber between an end of the first por-
tion of the valve element and the closed end of the bore.
At least one first passage provides fluid communication
between the bore chamber and the inlet chamber. At least
one second passage provides fluid communication be-
tween the bore chamber and the inlet chamber. A one-
way valve is located in the at least one second passage
and configured to allow flow in the at least one second
passage in a direction from the inlet chamber to the bore
chamber, but to block flow in the at least one second
passage in a direction from the bore chamber to the inlet
chamber.

[0006] In an embodiment of the above, the at least one
first passage comprises at least one axially extending
passage formed in the valve element and extending from
at least one aperture formed at the end of the first portion
of the valve element to at least one aperture which com-
municates with the inlet chamber, and the at least one
second passage comprises at least one axially extending
passage formed in the valve element and extending from
at least one aperture formed at the end of the first portion
of the valve element to at least one aperture which com-
municates with the inlet chamber.
[0007] According to a further aspect of the present dis-
closure, there is provided a valve element for a hydraulic
damping valve. The valve element comprises a cylindri-
cal first portion for slidable reception in a bore of a valve
housing and a second portion having a valve surface for
selectively engaging and disengaging a housing valve
seat. The first portion of the valve element has at least
one first axially extending passage formed therein ex-
tending between at least one inlet aperture at one end
of the first portion of the valve element and at least one
outlet aperture formed at an opposite end of the first por-
tion or between the first portion and the second portion
of the valve element. The first portion of the valve element
also has at least one second axially extending passage
formed therein extending between at least one inlet ap-
erture at the one end of the first portion of the valve ele-
ment and at least one outlet aperture formed at the op-
posite end of the first portion or between the first portion
and the second portion of the valve element. The at least
one second passage comprises a one-way valve config-
ured to allow flow through the at least one second pas-
sage to the one end of the valve element but to block
flow through the at least one second passage from the
one end of the valve element.
[0008] In a further embodiment of any of the above,
the first portion of the valve element comprises a one-
way valve chamber. The at least one second passage
comprises at least one second passage first portion ex-
tending from the inlet aperture of the second passage
into the one-way valve chamber, and a second passage
second portion extending between the one-way valve
chamber and the at least one outlet aperture of the sec-
ond passage. The one-way valve is located in the one-
way valve chamber.
[0009] In a further embodiment of any of the above,
the at least one first passage comprises at least one first
passage first portion extending between the inlet aper-
ture of the first passage and the one-way valve chamber,
and at least one first passage second portion extending
between the one-way valve chamber and the at least one
outlet aperture of the first passage. The at least one first
passage bypasses the one-way valve.
[0010] In a further embodiment of any of the above,
the first portion of the first passage and the first portion
of the second passage are a common passage.
[0011] In a further embodiment of any of the above,
the first portion of the valve element comprises a valve
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element bore extending into the valve element from the
one end of the valve element, the open end of the valve
element bore being closed by a plug which defines the
one-way valve chamber between an end thereof and a
base of the valve element bore.
[0012] In an embodiment of the above, the first portions
of the first and second passages are formed through the
plug.
[0013] In a further embodiment of any of the above,
the one-way valve comprises a one-way valve element
and a one-way valve seat for engagement with the one-
way valve element. The one-way valve seat is located in
the one-way valve chamber at the entrance to the at least
second passage second portion.
[0014] In an embodiment of the above, the one-way
valve comprises a cage located in the one-way valve
chamber and supporting the one-way valve element.
[0015] In a further embodiment of any of the above,
the one-way valve element is a ball or is bullet shaped.
[0016] In a further embodiment of any of the above,
the damping valve and/or valve element further compris-
es a biasing member configured to bias the one-way
valve element against the one-way valve seat
[0017] In an embodiment of the above, the biasing
member is a spring.
[0018] In a further embodiment of any of the above,
the at least one second passage second portion com-
prises a first section extending from the one-way valve
chamber and at least one angled second section extend-
ing from the end of the first section to the at least one
outlet aperture of the second passage.
[0019] In a further embodiment of any of the above,
the damping valve further comprises at least one axially
extending channel formed in a radially inwardly facing
surface of the bore. A first end of the channel opens into
the inlet chamber. A second, opposed end is selectively
exposed or closed by the first portion of the valve element
as it slides in the bore to selectively communicate the
channel with the bore chamber.
[0020] In a further embodiment of any of the above,
the first and second portions of the valve element are
connected by a third, smaller diameter section around
which the inlet chamber is arranged.
[0021] In a further embodiment of any of the above,
the at least one second aperture is formed in a fillet joining
the first and third sections of the valve element.
[0022] In a further embodiment of any of the above,
the at least one axially extending channel second end is
axially spaced from the closed end of the bore.
[0023] In a further embodiment of any of the above,
the second end of the axially extending channel has a
chamfer such that the radial depth of the axially extending
channel decreases progressively at the second end of
the axially extending channel.
[0024] In a further embodiment of any of the above,
the damping valve comprises a plurality of the axially
extending channels in the radially inwardly facing surface
of the bore.

[0025] In an embodiment of the above, the axially ex-
tending channels are equi-spaced circumferentially
around the circumference of the bore and/or comprise a
pair of diametrically opposed channels.
[0026] The present disclosure also provides a hydrau-
lic damper comprising a piston arranged for reciprocating
movement within a cylinder and dividing the cylinder into
first and second fluid chambers and a damping valve in
accordance with the disclosure. A first fluid passage flu-
idly connects the first fluid chamber to the inlet chamber
of the damping valve and a second fluid passage fluidly
connecting the second fluid chamber to the outlet cham-
ber of the damping valve.
[0027] In an embodiment of the above, the hydraulic
damper further comprises:
a second damping valve in accordance with the disclo-
sure, a third fluid passage fluidly connecting the first fluid
chamber of the cylinder to the outlet chamber of the sec-
ond damping valve, and a fourth fluid passage fluidly con-
necting the second fluid chamber of the cylinder to the
inlet chamber of the second damping valve.
[0028] There is also provided a helicopter rotor system
comprising a hydraulic damper according to the disclo-
sure and a helicopter rotor, the helicopter rotor being cou-
pled to the piston of the hydraulic damper.

BRIEF DESCRIPTION OF DRAWINGS

[0029] An embodiment of the disclosure will now be
described by way of example only with reference to the
accompanying drawings in which:

Figure 1 shows a partially sectioned view of a damp-
ing valve in accordance with the disclosure;

Figure 2 shows a hydraulic damper incorporating the
damping valve of Figure 1, in a first operative con-
dition;

Figure 3 shows the hydraulic damper of Figure 2 in
a second operative condition;

Figure 4 shows a hydraulic damper incorporating a
pair of damping valves; and

Figure 5 shows a cross section Y-Y of Figure 3.

Figure 6 shows an illustration of channels of a hous-
ing portion of a hydraulic damper.

DETAILED DESCRIPTION

[0030] With reference to Figure 1, a damping valve 2
comprises a valve housing 4 and a valve element 6. The
valve element 6 comprises a cylindrical first portion 8
which is slidably received in a cylindrical bore 10 formed
at one end 12 of the valve housing 4. The bore 10 is
closed by an end wall 14. The other end 16 of the valve
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housing 4 is closed by a cap 18.
[0031] The valve housing 4 further comprises an inlet
chamber 20 and an outlet chamber 22. An inlet opening
24 opens into the inlet chamber 20 and an outlet opening
26 opens into the outlet chamber 22. The terms inlet and
outlet used in this context are relative to fluid flow which
will act to open the valve 2. However, as will be described
further below, depending on the operative condition of
the valve 2, hydraulic fluid may either enter or exit the
valve 2 via either of these chambers.
[0032] A housing valve seat 28 is formed between the
inlet chamber 20 and outlet chamber 22. The housing
valve seat 28 may comprise an annular edge or annular
surface as is known in the art.
[0033] The valve element 6 further comprises a second
portion 30 having a valve surface 32 which, in a closed
condition of the valve 2, seats on the housing valve seat
28 to close the valve 2.
[0034] The first portion 8 of the valve element 6 and
the second portion 30 of the valve element 6 are con-
nected by a smaller diameter, third portion 34. The first
portion 8 and the third portion 30 are connected by a first
fillet 36. The second portion and third portion 34 are con-
nected by a second fillet 38.
[0035] A coil spring 40 is mounted between the second
portion 30 of the valve element 6 and the cap 18. The
coil spring 40 biases the valve surface 32 of the valve
element 6 into engagement with the housing valve seat
28 of the valve housing 4.
[0036] As can most clearly be seen in Figure 2, the first
portion 8 of the valve element 6 comprises a central pas-
sage 50 extending from an inlet aperture 52 in an end
surface 56 of the first portion 8 along the central axis A
of the valve element 6. The central passage 50 is fluidly
connected to a one-way valve chamber 51 located in the
first portion 8.
[0037] Extending from an inlet 61 located at the axially
opposite end of the one-way valve chamber 51 to the
central passage 50 is another axially extending passage
53. The axially extending passage 53 branches, at an
axially opposite end to the inlet 61, into at least one angled
passage 60 which extends at an angle relative to the
central axis X. The at least one angled passage 60 ex-
tends to at least one respective outlet aperture 58 located
in the inlet chamber 20. The at least one angled passage
60 may include two or more passages 60 which may be
circumferentially equi-spaced about the central axis X.
[0038] A one-way valve 63 is located in the one-way
valve chamber 51. The one-way valve 63 comprises a
one-way valve seat 67 located at the inlet 61 to the pas-
sage 53 and a one-way valve element 64 located in the
one-way valve chamber 51 to engage and disengage
with the one-way valve seat 67. The one-way valve ele-
ment 64 may be a ball, as shown, or bullet shaped. The
one-way valve 63 may also comprise a cage 69 located
in the one-way valve chamber 51 to support the one-way
valve element 64. The cage 69 may be cylindrical and
may extend axially to allow the one-way valve element

64 to move freely in an axial direction but to limit radial
movement. The cage 69 comprises gaps to allow fluid to
flow freely through it.
[0039] At least one other passage 57 extends from a
respective inlet 68 located in the one-way valve chamber
51 to a respective outlet aperture 54 located in the inlet
chamber 20. The inlet 68 to the at least one passage 57
is radially spaced from the one-way valve seat 67 such
that the at least one passage 57 bypasses the one-way
valve 63. The at least one passage 57 may comprise at
least two passages 57 and the outlet apertures 54 of the
at least two passages 57 may be circumferentially equi-
spaced about the central axis X.
[0040] The central passage 50 together with the pas-
sage 57 and one-way valve chamber 51 provide a first
passage A for fluid through the valve element 6. The cen-
tral passage 50, the one-way valve chamber 51, the ax-
ially extending passage 52 and the at least one angled
passage 60 provide a second passage B for fluid through
the valve element 6. In particular, the central passage 50
constitutes a first passage first portion and also a second
passage first portion. The at least one passage 57 con-
stitutes a first passage second portion. The at least one
angled passage 60 constitutes a second passage second
portion.
[0041] The one-way valve 63 may further comprise a
biasing member (not shown) to bias the one-way valve
element 64 against the one-way valve seat 67. The bi-
asing member may comprise a spring.
[0042] The at least one outlet aperture 54 of the at least
one passage 57 and the at least one outlet aperture 58
of the at least one angled passage 60 are located in the
first fillet 36. Of course the outlet apertures 54, 58 may
be provided in a location other than the first fillet 36. What
is important is that the outlet apertures 54, 58 open into,
i.e. are in fluid communication with, the inlet chamber 20.
Thus in other embodiments, the outlet apertures 54, 58
may be provided in an axially facing surface of the first
portion 8, or in the third portion 34 of the valve element 6.
[0043] While a single central passage 50 has been il-
lustrated in the embodiment, a plurality of axially extend-
ing passages 50 may be provided, for example symmet-
rically arranged about the central axis A of the valve el-
ement 6.
[0044] As illustrated in Figures 2 and 6, the first portion
8 of the valve element 6 comprises a valve element bore
55 which extends axially into the first portion 8 from an
opening in the end surface 56. The valve element bore
55 is generally cylindrically shaped and is closed by a
cylindrical plug 59. The plug 59 and valve element bore
55 may be threaded to effect the mounting of the plug
59. In other embodiments, the plug 59 may be a push fit
in the valve element bore 55. The plug 59 is shorter in
length axially than the valve element bore 55, thereby
defining the one-way valve chamber 51 in the valve ele-
ment bore 55 when the plug 59 is inserted into the valve
element bore 55. Axial movement of the plug 59 into the
valve element bore 55 may be limited by means of a

5 6 



EP 3 825 591 A1

5

5

10

15

20

25

30

35

40

45

50

55

shoulder defined in the valve element bore 55. The cen-
tral passage 50 is formed through the plug 59.
[0045] The outer surface 62 of the first portion 8 of the
valve element 6 is formed with a plurality of axially spaced
grooves 64 extending completely around the circumfer-
ence of the first portion 8. The grooves 64 act to provide
a more even distribution of pressure around the first por-
tion 8 of the valve element 6. In this embodiment, there
are three such grooves 64, but more or less grooves 64
may be provided. In certain embodiments, these grooves
64 may be omitted.
[0046] As illustrated most clearly in Figure 2, the radi-
ally inwardly facing surface 66 of bore 10 is formed with
a pair of diametrically opposed, axially extending first and
second channels 70,71. In other embodiments, only a
single channel 70 may be provided. In other embodi-
ments, multiple first and/or second channels 70, 71 may
be provided. The first and second channels 70, 71 may
be circumferentially equi-spaced around the axis X.
[0047] In the illustrated embodiment, the first channel
70 comprises a first end 72 which opens into the inlet
chamber 20 of the valve housing 4 and a second end 74
adjacent the end wall 14 of the bore 10. Similarly, the
second channel 71 comprises a first end 73 which opens
into the inlet chamber 20 of the valve housing 4 and a
second end 75 adjacent the end wall 14 of the bore 10.
As can be seen in Figures 1 and 2, when the valve ele-
ment 6 is in a closed position, the end surface 56 of the
valve element first portion 8 extends beyond the second
ends 74, 75 of the channels 70, 71 thereby isolating the
channels 70, 71 from a bore chamber 76 formed between
the end wall 14 of the bore 10 and the end surface 56 of
the valve element first portion 8.
[0048] The second ends 74, 75 of the first and second
channels 70, 71 have chamfers 77, 78 such that the radial
depth d of the channels 70, 71 decreases progressively
at the second ends 74, 75 of the channels 70, 71. In the
illustrated embodiment, the chamfers are linear, although
in other embodiments, they may have a curved profile.
As can be seen in Figure 2, the first channel second end
74 is located at an axially different location (in this em-
bodiment nearer the inlet chamber 20) to the second
channel second end 75 (located nearer the bore chamber
76). As can be seen in Figure 6, in this embodiment the
second end 74 of the first channel 70 is axially aligned
with the end of the chamfer 78 of the second channel 71.
However, other relative axial positions can be chosen.
The first and second channel chamfers may also have
either the same or different gradients to each other: in
this embodiment the first channel chamfer has a steeper
gradient relative to the axis X than the second channel
chamfer.
[0049] Having described the structure of the damping
valve 2 above, its use in a hydraulic damper D will now
be described with reference to Figures 2, 3 and 5.
[0050] With reference to Figure 2, the damping valve
2 is shown connected to a hydraulic cylinder 80 to form
a hydraulic damper D. Hydraulic fluid fills both the cylinder

80 and the valve 2. The hydraulic cylinder 80 receives a
reciprocating piston 82 which divides the cylinder 80 into
a first fluid chamber 84 and a second fluid chamber 86.
The first fluid chamber 86 is connected to the inlet cham-
ber 20 of the valve 2 by means of a first fluid passageway
88. The second fluid chamber 86 is connected to the
outlet chamber 22 of the valve 2 by a second fluid pas-
sageway 90. The valve 2 may be incorporated in a com-
mon housing with the cylinder 80 in certain embodiments.
The piston 82 has a piston rod 92 which is connected by
a suitable linkage 94 to a helicopter blade 96 which, in
use, may move backwards and forwards along an axis
as illustrated by arrow 98 in Figure 2.
[0051] In Figure 2, the valve 2 is shown in a closed
condition such that the valve element surface 32 engages
with the housing valve seat 28. In this condition there is
no fluid flow between the inlet chamber 20 and the outlet
chamber 22. However, in the event that a force F is ap-
plied to the piston rod 92 by the blade 96, the piston 82
forces hydraulic fluid from the first fluid chamber 84
through the first fluid passageway 88 and into the inlet
chamber 20 of the damping valve 2. This causes the valve
element 6 to move to the right in the sense of the Figures
against the force of the spring 40.
[0052] Damping is effected in four phases during this
opening movement, as will be described in further detail
below. In a first phase in which the valve element 6 travels
over distance "a" as shown in Figure 6, from its fully
closed position to the position in which the end surface
56 becomes aligned with the endpoint 75 of the second
channel 71, damping is performed by throttling the flow
of hydraulic fluid through the opening 100 formed be-
tween the housing valve seat 28 and valve surface 32
(see Fig. 3), by throttling hydraulic fluid through the first
passage A and second passage B from the inlet chamber
22 into the bore chamber 76, and by the spring 40.
[0053] In a second phase, in which the valve element
6 travels over a distance "b" corresponding to the axial
length of the chamfered portion 78 of the second channel
71, the damping due to the spring 40 increases as it is
compressed and the damping due to the hydraulic fluid
is progressively reduced by virtue of additional flow of
hydraulic fluid through the second channel 71. The damp-
ing effect is progressively reduced due to the sloping
shape of the channel end 75.
[0054] In a third phase, in which the valve element 6
moves beyond the distance "c" (where "a" + "b" = "c")
corresponding to the axial length of the chamfered por-
tion 77 of the first channel 70, the damping effect of the
spring continues to increase, and the damping due to the
hydraulic fluid continues to reduce at a yet higher rate
due to the additional flow of hydraulic fluid through the
first channel 70.
[0055] In a fourth phase, in which the valve element 6
moves beyond the distance "d", the damping effect of
the spring continues to increase and the damping of the
oil flow remains at a constant value due to the constant
cross-section of the first and second channels 70, 71 and
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the relatively large gap 100 at the housing valve seat 28.
[0056] The first and second channels 70, 71 therefore
allow four phases during opening movement. The chan-
nel lengths and chamfer gradients can be selected to
optimise damping requirements, and therefore opening
speeds, for the system, and having four different phases
allows greater flexibility. It will also be appreciated that
various channel axial lengths and chamfer gradients may
be provided, for example the distance "c" may be greater
or smaller than "a" + "b".
[0057] When a force F’ is applied to the piston rod 92
in an opposite direction to the force F then hydraulic fluid
moves from the second fluid chamber 86 of the cylinder
80 through the second fluid passageway 90 into the outlet
chamber 32 of the valve 2. This will force the valve ele-
ment 6 to the left in the sense of the Figures to close the
valve 2. However, damping is also effected during this
movement.
[0058] In a first stage damping is performed by the flow
of hydraulic fluid around the valve surface 32 between
the housing valve seat 28 and the valve plug 30 and also
by the flow of hydraulic fluid from the bore chamber 76
through the first passage A i.e. through the central pas-
sage 50 of the valve first portion 8 and through the at
least one passage 57, and the channels 70, 71 in the
bore 10 to the inlet chamber 20. The one-way valve 63
is closed during this movement due to the increased pres-
sure created in the bore chamber 76. This will provide
relatively low damping which means that the valve ele-
ment 6 will move relatively quickly in this first phase.
[0059] As the valve element 6 moves further to the left,
its end surface 56 will begin to align with the tapering end
74 of the first channel 70 which will increase the damping
effect progressively.
[0060] As the valve element 6 moved further still to the
left, its end surface 56 will begin to align with the tapering
end 75 of the second channel 71 which will increase the
damping effect at an even higher rate.
[0061] Once the end surface 56 of the valve element
6 moves beyond the end 75 of the second channel 71,
the throttling will occur only through the first passage A.
Since the one-way valve 63 is closed when the valve
element 6 moves under force F’ (to the left), flow can only
flow out of the bore chamber 76 through the first passage
A in this phase of movement. This will lead to a relatively
higher damping force leading to the valve surface 26 en-
gaging the housing valve seat 28 relatively softly, thereby
protecting the valve element 6 and the housing valve seat
28.
[0062] The one-way valve 63 allows greater damping
to occur when the valve element surface 32 contacts the
housing valve seat 28 upon closing. This is due to the
fact that the fluid can only flow out of the bore chamber
through the first passage A in the last stage of movement
("a") under force F’ and there will therefore be a greater
resistance to flow out of the bore chamber 76. Thus, the
fluid in the bore chamber 76 can reach a higher pressure,
increasing its damping effect on the valve element 6. This

reduces the impact between the valve surface 32 and
the housing valve seat 28 thereby reducing the potential
for damage and/or unwanted vibrations in the system.
[0063] However, since the one-way valve 63 allows
flow through the second passage B when the valve ele-
ment 6 is opening under force F, fluid can flow into the
bore chamber 76 more quickly. This allows the valve el-
ement 6 to move faster in this direction. This is advanta-
geous as it allows the valve element 6 to react more quick-
ly in this direction when the damping valve 2 needs to be
opened.
[0064] The speed of opening and closure of the valve
element 6 can also be influenced by selection of the di-
mensions of the central passage 50, the dimensions of
the first and second channels 70, 71 and also the dimen-
sions and axial extent of the chamfers of the first and
second channels 70, 71. For example, the steeper the
angle of the chamfers more abrupt will be the decelera-
tion of the valve element during closing (or acceleration
upon opening). The degree of over travel of the valve
element 6 relative to the ends 74, 75 of the channels 70,
71 determines the final closing of the valve and is decisive
in the ultimate gentle engagement of the valve element
6 with the housing valve seat 28.
[0065] During middle and high frequency vibrations of
the blade 96, little or minimal decrease in damping of the
blades occurs due to incomplete closing of the valve be-
tween the valve surface 36 and housing valve seat 28.
This is because, in practice, the changes in the move-
ment of the blades transmitted to the piston 82 cause the
piston 82 to change direction more quickly than the time
required for the valve 2 to close fully. If the valve 2 were
to close fully, the piston 82 would be decelerated very
suddenly, leading to undesirable forces in the blade,
which may, for example, lead to increased wear.
[0066] It will be appreciated that the main forces exert-
ed by the hydraulic fluid within the valve 2 are axial. The
embodiment illustrated seeks to minimise off axial forces
by virtue of the construction of the valve element 6. In
this regard, by providing a central passage 50 through
the valve element 6, there is no net lateral force created
due to the pressure of hydraulic fluid through that pas-
sage. Similarly, the symmetrical arrangement of the
channels 70, 71, the at least one passage 57 and the at
least one passage 60 will also cancel out lateral forces.
This will reduce the wear of the valve element 6 the valve
housing for 10, thereby extending the life of the valve 2.
In one embodiment, there may be provided one passage
57 and one passage 60 ,where the outlets 54, 58 of each
of the passages 57, 60 are arranged circumferentially
equi-spaced at 180 degrees relative to one another about
the central axis X and may be located at the same axial
and radial positions relative to the central axis X.
[0067] As illustrated in Figures 2 and 3, a single valve
2 is shown coupled to the hydraulic cylinder 80. In the
embodiment of Figure 4, however, the cylinder 80 is con-
nected with two damping valves 2, 2’. The first fluid cham-
ber 84 of the cylinder 80 is connected to the inlet chamber
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20 of the first damping valve 2 by means of the first fluid
passageway 88. The second fluid chamber 86 of the cyl-
inder 80 is connected to the outlet chamber 22 of the first
damping valve 2 by the second fluid passageway 90.
However, the first fluid chamber 84 is connected to the
outlet chamber 22’ of the second damping valve 2’ by
means of a third fluid passageway 102 and the second
fluid chamber 86 connected to the inlet chamber 20’ of
the second damping valve 2’ by a fourth fluid passageway
104. Such an arrangement further improves the damping
on the rotor blade 96.
[0068] It will be understood that the above description
is of just one embodiment of the disclosure and that mod-
ifications may be that made thereto without departing
from the scope of the disclosure. In this regard, the em-
bodiment described above illustrates the passages be-
tween the bore chamber 76 and the inlet chamber 20 as
passing through the valve element 6. In an alternative
embodiment, however, the passages may be formed
through the valve housing 4. Passages maybe formed
through both the valve element 6 and the valve housing
4 in other embodiments.
[0069] It will be appreciated that in another embodi-
ment, the first and second flow passages A, B may be
completely separate from one another, i.e. share no com-
mon parts. The first flow passage A may therefore be a
separate passage which flows through the valve element.

Claims

1. A damping valve (2) for a hydraulic damper (D), com-
prising:

a valve housing (4) comprising an inlet chamber
(20) and an outlet chamber (22);
a housing valve seat (28) arranged between the
inlet chamber (20) and the outlet chamber (22);
a valve element (6) having a cylindrical first por-
tion (8) slidably received in a cylindrical bore (10)
of the valve housing (4) and a second portion
having a valve surface for selectively engaging
and disengaging the housing valve seat (28) to
allow passage of hydraulic fluid between the in-
let chamber (20) and the outlet chamber (22);
a spring element (40) mounted within the valve
housing (4) for biasing the valve element (6) into
engagement with the housing valve seat (28);
the bore (10) of the valve housing (4) having a
closed end defining a bore chamber (76) be-
tween an end (56) of the first portion of the valve
element (6) and the closed end of the bore (10);
at least one first passage (A) providing fluid com-
munication between the bore chamber (76) and
the inlet chamber (20);
at least one second passage (B) providing fluid
communication between the bore chamber (76)
and the inlet chamber (20); and

a one-way valve (63) located in the at least one
second passage (B) and configured to allow flow
in the at least one second passage (B) in a di-
rection from the inlet chamber (20) to the bore
chamber (76), but to block flow in the at least
one second passage (B) in a direction from the
bore chamber (76) to the inlet chamber (20).

2. The damping valve of claim 1, wherein the at least
one first passage (A) comprises at least one axially
extending passage formed in the valve element (6)
and extending from at least one aperture (52) formed
at the end (56) of the first portion (8) of the valve
element (6) to at least one aperture (58) which com-
municates with the inlet chamber (20), and the at
least one second passage (B) comprises at least one
axially extending passage formed in the valve ele-
ment (6) and extending from at least one aperture
(52) formed at the end (56) of the first portion (8) of
the valve element (6) to at least one aperture (54)
which communicates with the inlet chamber (20).

3. A valve element (6) for a hydraulic damping valve
(2), comprising:
a cylindrical first portion (8) for slidable reception in
a bore (10) of a valve housing (4) and a second por-
tion (30) having a valve surface (32) for selectively
engaging and disengaging a housing valve seat (28),
wherein:
the first portion (8) of the valve element (6) has at
least one first axially extending passage formed
therein extending between at least one inlet aperture
(52) at one end of the first portion (8) of the valve
element (6) and at least one outlet aperture (58)
formed at an opposite end of the first portion (8) or
between the first portion (8) and the second portion
(30) of the valve element (6), and the first portion (8)
of the valve element (6) has at least one second ax-
ially extending passage formed therein extending
between at least one inlet aperture (52) at the one
end of the first portion (8) of the valve element (6)
and at least one outlet aperture (54) formed at the
opposite end of the first portion (8) or between the
first portion (8) and the second portion (30) of the
valve element (6), the at least one second passage
(B) comprising a one-way valve (63) configured to
allow flow through the at least one second passage
(B) to the one end (56) of the valve element (6) but
to block flow through the at least one second pas-
sage (B) from the one end (56) of the valve element
(6).

4. The damping valve of claim 1 or 2, or the valve ele-
ment of claim 3, wherein:

the first portion (8) of the valve element (6) com-
prises a one-way valve chamber (51);
the at least one second passage (B) comprises
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at least one second passage first portion (50)
extending from the inlet aperture (52) of the sec-
ond passage (B) into the one-way valve cham-
ber (51), and a second passage second portion
(53,60) extending between the one-way valve
chamber (51) and the at least one outlet aperture
(58) of the second passage (B) ; and
the one-way valve (63) is located in the one-way
valve chamber (51).

5. The damping valve or valve element of claim 4,
wherein
the at least one first passage (A) comprises at least
one first passage first portion (50) extending be-
tween the inlet aperture (52) of the first passage (A)
and the one-way valve chamber (51), and at least
one first passage second portion (57) extending be-
tween the one-way valve chamber (51) and the at
least one outlet aperture (54) of the first passage,
the at least one first passage (A) bypassing the one-
way valve (63).

6. The damping valve or valve element of claim 5,
wherein the first portion (50) of the first passage (A)
and the first portion (50) of the second passage (B)
are a common passage (50).

7. The damping valve or valve element of any of claims
4 to 6, wherein the first portion (8) of the valve ele-
ment (6) comprises a valve element bore (55) ex-
tending into the valve element (6) from the one end
(56) of the valve element (6), the open end of the
valve element bore (55) being closed by a plug (59)
which defines the one-way valve chamber (51) be-
tween an end thereof and a base of the valve element
bore (55).

8. The damping valve or valve element of claim 7,
wherein the first portions (50) of the first and second
passages (A, B) are formed through the plug (59).

9. The damping valve or valve element of any of claims
4 to 8, wherein the one-way valve (63) comprises a
one-way valve element (64) and a one-way valve
seat (67) for engagement with the one-way valve
element (64), wherein the one-way valve seat (67)
is located in the one-way valve chamber (51) at the
entrance to the at least second passage second por-
tion (53, 60).

10. The damping valve or valve element of claim 9,
wherein the one-way valve (63) comprises a cage
(69) located in the one-way valve chamber (51) and
supporting the one-way valve element (64).

11. The damping valve or valve element of claim 9 or
10, wherein the one-way valve element (64) is a ball
or is bullet shaped.

12. The damping valve or valve element of any of claims
9 to 11, further comprising a biasing member con-
figured to bias the one-way valve element (64)
against the one-way valve seat (67), optionally
wherein the biasing member is a spring.

13. The damping valve or valve element of any of claims
4 to 12, wherein the at least one second passage
second portion (53, 60) comprises:
a first section (53) extending from the one-way valve
chamber (51) and at least one angled second section
(60) extending from the end of the first section (53)
to the at least one outlet aperture (58) of the second
passage (B) .

14. The damping valve of any preceding claim, further
comprising at least one axially extending channel
(70) formed in a radially inwardly facing surface (66)
of the bore (10), a first end (72) of the channel (70)
opening into the inlet chamber (20) and a second,
opposed end (74) being selectively exposed or
closed by the first portion (8) of the valve element
(6) as it slides in the bore (10) to selectively commu-
nicate the channel (70) with the bore chamber (76).

15. A hydraulic damper (D) comprising:

a piston (82) arranged for reciprocating move-
ment within a cylinder (80) and
dividing the cylinder (80) into first and second
fluid chambers (84, 86);
a damping valve (2) as claimed in any preceding
claim;
a first fluid passage (88) fluidly connecting the
first fluid chamber (84) to the inlet chamber (20)
of the damping valve; and
a second fluid passage (90) fluidly connecting
the second fluid chamber (86) to the outlet
chamber (22) of the damping valve (2).
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