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(54) DOUBLE ACTING CYLINDER ASSEMBLY

(57)  Adouble acting cylinder assembly (10) compris-
es a rod cylinder (100) which extends from a first end
(12) to a second end (14) along a longitudinal axis (16).
The rod cylinder (100) is hollow and defines a chamber
(110). A rod cylinder piston (200) is located in, and op-
erable to move along, the rod cylinder chamber (110). A
first rod cylinder sub-chamber region (112) is defined on
one side of the rod cylinder piston (200) and a second
rod cylinder sub-chamber region (114) is defined on the
other side of the rod cylinder piston (200). A floating pis-
ton (700) is also located in, and operable to slide along,
the rod cylinder chamber (110). The rod cylinder piston

(200) and floating piston (700) are configured to have a
coupled state in which the rod cylinder piston (200) and
floating piston (700) are coupled to one another such that
the floating piston (700) is moveable with the rod cylinder
piston (200) along the rod cylinder chamber (110). The
rod cylinder piston (200) and floating piston (700) are
also configured to have a de-coupled state in which the
rod cylinder piston (200) and floating piston (700) are
spaced apart from one another to define a first floating
piston sub-volume (118) of the rod cylinder chamber
(110) between the rod cylinder piston (200) and floating
piston (700).
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Description
FIELD
[0001] The present disclosure relates to a double act-

ing cylinder assembly.
BACKGROUND

[0002] In hydraulic systems it is common for double
acting cylinders to be used. Double acting cylinders can
be retracted and extended by control of flow of hydraulic
fluid to either side of a piston within the cylinder. Addi-
tionally double acting cylinders may be configured to pro-
vide damping when extended and retracted.

[0003] In certain applications (for example as part of a
suspension system of a vehicle, or part of a recoil miti-
gation system for ordnance) the double acting cylinder
having been extended or retracted to have a given length
may then be subjected to loading that further extends or
compresses the cylinder. Depending on the exact ar-
rangement, the relative movement of the piston and cyl-
inder may induce an increase in volume of the cylinder’s
hydraulic fluid, which may cause cavitation. Forexample,
with reference to figure 1, during extension of the piston
in response to a shock load, fluid is fed into a bore 4
through a bore port 3 and fluid is ejected from an annulus
5 via an annulus port 2. If port 3 is closed, cavitation may
occur in the bore 4.

[0004] Cavitation may resultin unpredictable damping
performance as well as damage to the piston and/or cyl-
inder. Hence a double acting cylinder that can mitigate
or avoid cavitation is highly desirable.

SUMMARY

[0005] Accordingtothe presentdisclosure there is pro-
vided an apparatus and system as set forth in the ap-
pended claims. Other features of the invention will be
apparent from the dependent claims, and the description
which follows.

[0006] Accordingly there may be provided a double
acting cylinder assembly (10, 20, 30, 40) comprising a
rod cylinder (100) which extends from a first end (12) to
a second end (14) along a longitudinal axis (16), the rod
cylinder (100) being hollow and defining a chamber (110).
The double acting cylinder assembly (10, 20, 30, 40) may
further comprise a rod cylinder piston (200) located in,
and operable to move along, the rod cylinder chamber
(110) to define a first rod cylinder sub-chamber region
(112) on one side of the rod cylinder piston (200) and a
second rod cylinder sub-chamber region (114) on the
other side of the rod cylinder piston (200). The double
acting cylinder assembly (10, 20, 30, 40) may further
comprise a floating piston (700) located in, and operable
to slide along, the rod cylinder chamber (110).

[0007] Therod cylinder piston (200) and floating piston
(700) may be configured to have a coupled state in
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which the rod cylinder piston (200) and floating piston
(700) are coupled to one another such that the floating
piston (700) is moveable with the rod cylinder piston (200)
along the rod cylinder chamber (110).

[0008] The rod cylinder piston (200) and floating piston
(700) may be configured to have a de-coupled state in
which the rod cylinder piston (200) and floating piston
(700) are spaced apart from one another to define a first
floating piston sub-volume (118) ofthe rod cylinder cham-
ber (110) between the rod cylinder piston (200) and float-
ing piston (700).

[0009] The rod cylinder piston (200) and floating piston
(700) may comprise a coupling apparatus wherein cou-
pling engagement provided by the coupling apparatus
between the rod cylinder piston (200) and floating piston
(700) is configured to be sufficient to: hold the rod cylinder
piston (200) and floating piston (700) together in the cou-
pled state; and allow the rod cylinder piston (200) and
floating piston (700) to provide the de-coupled state.
[0010] The rod cylinder piston (200) and floating piston
(700) may comprise magnetic material and at least one
of the rod cylinder piston (200) and floating piston (700)
may comprise a magnet. The force of attraction between
the rod cylinder piston (200) and floating piston (700)
may be configured to be sufficient to hold the rod cylinder
piston (200) and floating piston (700) together in the cou-
pled state. The force of attraction between the rod cyl-
inder piston (200) and floating piston (700) may be con-
figured to be sufficient to allow the rod cylinder piston
(200) and floating piston (700) to provide the de-coupled
state. The force of attraction between the rod cylinder
piston (200) and floating piston (700) may be configured
to be sufficient to urge the floating piston (700) from the
de-coupled state to the coupled state.

[0011] The double acting cylinder assembly (10, 20,
30, 40) may further comprise a suspension rod (300)
which extends from the rod cylinder piston (200) inside
the second rod cylinder sub-chamber region (114),
through an aperture (116) at the second end (14) of the
rod cylinder (100). An annulus (320) may be defined be-
tween the suspension rod (300) and the rod cylinder
(100).

[0012] The floating piston (700) may be located in, and
operable to slide along, the firstrod cylinder sub-chamber
region (112) between a stop (702) located between the
first end (12) and the rod cylinder piston (200) such that:

in the coupled state the floating piston (700) is
moveable with the rod cylinder piston (200) and in
the coupled state the floating piston 700 is move-
able along the first rod cylinder sub-chamber region
(112); and

in the de-coupled state the first floating piston sub-
volume (118) is a sub-volume of the first rod cylinder
sub-chamber region (112).

[0013] A second floating piston sub-volume (119) may
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be defined between the floating piston (700) and the first
end (12) of the rod cylinder (100).

[0014] The second floating piston sub-volume (119) of
the first rod cylinder sub-chamber region (112) may be
in fluid communication with a breather port (124).
[0015] The first floating piston sub-volume (118) may
be configured to be in fluid communication with a first
working fluid circuit (1000) via a first flow port (120). The
second rod cylinder sub-chamber region (114) may be
configured to be in fluid communication with a second
working fluid circuit (2000) via a second flow port (122).
[0016] The double acting cylinder assembly (10, 20)
may be configured such that when the first flow port (120)
and the second flow port (122) are controlled to be open,
flow of first working fluid (400) into the first floating piston
sub-volume (118) from the firstworking fluid circuit (1000)
through the first flow port (120) causes relative movement
between the rod cylinder piston (200) and the floating
piston (700).

[0017] The double acting cylinder assembly (10, 20)
may be configured such that when the floating piston
(700) is in engagement with the stop (702) the flow of
first working fluid (400) into the first floating piston sub-
volume (118) causes the distance between the rod cyl-
inder piston (200) and the first end (12) of the double
acting cylinder assembly (10, 20) to increase, causing
the second working fluid (402) to flow from the second
rod cylinder sub-chamber region (114) to the second
working fluid circuit (2000) through the second flow port
(122).

[0018] The floating piston (700) may be located in, and
operable to slide along, the second rod cylinder sub-
chamber region (114), between a stop (704) located be-
tween the second end (14) and the rod cylinder piston
(200) such that:

in the coupled state the floating piston (700) is
moveable with the rod cylinder piston (200) in the
second rod cylinder sub-chamber region (114); and

in the de-coupled state the first floating piston sub-
volume (118) is a sub-volume of the second rod cyl-
inder sub-chamber region (114).

[0019] A second floating piston sub-volume (119) may
be defined between the floating piston (700) and the sec-
ond end (14) of the rod cylinder (100).

[0020] The second rod cylinder sub-chamber region
(114) may be in fluid communication with a breather port
(124).

[0021] The first rod cylinder sub-chamber region (112)

may be configured to be in fluid communication with a
second working fluid circuit (2000) via a second flow port
(122). The first floating piston sub-volume (118) may be
configured to be in fluid communication with a first work-
ing fluid circuit (1000) via a first flow port (120).

[0022] The double acting cylinder assembly (30, 40)
may be configured such that when the first flow port (120)

10

15

20

25

30

35

40

45

50

55

and the second flow port (122) are controlled to be open
flow of first working fluid (400) into the first floating piston
sub-volume (118) from the first working fluid circuit (1000)
through the first flow port (120) causes relative movement
between the rod cylinder piston (200) and the floating
piston (700) to cause the floating piston (700) to be urged
towards the stop (704) to cause the second working fluid
(402) to flow from the first rod cylinder sub-chamber re-
gion (112) to the second working fluid circuit (2000)
through the second flow port (122) and to reduce the
distance between the rod cylinder piston (200) and the
first end (12) of the double acting cylinder assembily (30,
40).

[0023] The suspensionrod (300) may define a first flow
passage (304) which extends between the first flow port
(120) and an opening (204) defined by the rod cylinder
piston (200) configured to deliver the first working fluid
(400) to the first floating piston sub-volume (118) be-
tween the rod cylinder piston (200) and the floating piston
(700).

[0024] The double acting cylinder assembly (20, 40)
may further comprise a bore feed tube (800) which ex-
tends through the first end (12) of the rod cylinder piston
(200), and through the floating piston (700) to deliver the
first working fluid (400) to the first floating piston sub-
volume (118) between the rod cylinder piston (200) and
the floating piston (700).

[0025] The rod cylinder piston (200) and floating piston
(700) may be configured to seal against the rod cylinder
chamber (110).

[0026] There may also be provided a shock absorbing
system (600) comprising a first double acting cylinder
assembly (10, 20, 30, 40) according the present disclo-
sure.

[0027] Hencethereis provided adouble acting cylinder
that can mitigate or avoid cavitation.

[0028] This is achieved by the rod cylinder piston and
floating piston being configured to have a coupled state
and an uncoupled state. This allows for the rod cylinder
piston and floating piston to separate during a shock/im-
pulse load so that any volume change in the fluid con-
strained by the floating piston is prevented or minimised,
thereby minimising the likelihood of cavitation occurring.

BRIEF DESCRIPTION OF THE FIGURES

[0029] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
figures, in which:

Figure 1 shows an example of a conventional double
acting cylinder;

Figure 2 shows a first example of a double acting
cylinder according to the present disclosure;
Figures 3 to 5 shows stages of operation of the first
example of a double acting cylinder according to the
present disclosure;

Figure 6 shows a second example of a double acting
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cylinder according to the present disclosure;
Figures 7 to 9 shows stages of operation of the sec-
ond example of a double acting cylinder according
to the present disclosure;

Figure 10 shows a third example of a double acting
cylinder according to the present disclosure;
Figures 11 to 14 show shows stages of operation of
the third example of a double acting cylinder accord-
ing to the present disclosure;

Figure 15 shows a fourth example of a double acting
cylinder, according to the present disclosure; and
Figure 16 to 19 show stages of operation of the fourth
example of a double acting cylinder according to the
present disclosure.

DETAILED DESCRIPTION

[0030] The present disclosure relates to a double act-
ing cylinder assembly 10, 20, 30, 40.

[0031] The double acting cylinder assembly 10, 20, 30,
40 may provide a required spring force and load damping
while also being operable to be increased and decreased
in length.

[0032] Hence the double acting cylinder assembly 10,
20, 30, 40 may form part of a shock absorbing system
600. The shock absorbing system 600 is shown generi-
cally as a dashed box around the examples of figures 2,
6, 10 and 15.

[0033] The double acting cylinder assembly 10, 20, 30,
40 may form part of a suspension system for a vehicle.
The shock absorbing system 600 may form part of a sus-
pension strut assembly for a vehicle.

[0034] The double acting cylinder assembly 10, 20, 30,
40 may form part of an artillery weapon. For example the
double acting cylinder may 10, 20, 30, 40 form part of a
recoil mitigation system for an ordnance. That is to say,
the shock absorbing system 600 may form part of a recaoil
mitigation system of an artillery weapon. For example,
the double acting cylinder 10, 20, 30, 40 may be coupled
to a barrel of an ordnance operable to travel between an
in-battery position and an out-of-battery position in re-
sponse to a projectile being fired from the barrel. "In-
battery"defines a forward position of the ordnance before
(and ready for) firing. "Out-of-battery" defines a position
of the ordnance when fully recoiled.

[0035] Several examples of a double acting cylinder
10, 20, 30, 40 according to the present disclosure are
shown. Afirstexampleis showninfigures 2to 5. A second
example is shown in figures 6 to 9. A third example is
shown in figures 10 to 14. A fourth example is shown in
figures 15 to 19.

[0036] In all examples, the double acting cylinder as-
sembly 10, 20, 30, 40 may comprise a rod cylinder 100.
As shown in figures 2, 6, 10 and 15 the rod cylinder 100
may extend from a first end 12 to a second end 14 along
alongitudinal axis 16. The rod cylinder 100 may be hollow
and define a chamber 110.

[0037] There may also be provided a rod cylinder pis-
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ton 200 located in, and operable to move along, the rod
cylinder chamber 110 to define a first rod cylinder sub-
chamber region 112 on one side of the rod cylinder piston
200 and a second rod cylinder sub-chamber region 114
on the other side of the rod cylinder piston 200.

[0038] The rod cylinder piston 200 may comprise a first
surface 202 and a second surface 206 spaced apart from
one another along the length of the rod cylinder piston
200. The rod cylinder piston 200 may be configured such
that the first surface 202 is closest to (i.e. faces) the first
end 12 rod cylinder 100 and the second surface 206 is
closestto (i.e.faces)the second end 14 of the rod cylinder
100.

[0039] The double acting cylinder assembly 10, 20, 30,
40 may also comprise a floating piston 700 located in,
and operable to slide along, the rod cylinder chamber
110.

[0040] The floating piston 700 may comprise a first sur-
face 708 and a second surface 706 spaced apart from
one another along the length of the floating cylinder piston
700. The first surface 708 may be closest to the first end
12 rod cylinder 100 and the second surface 706 may be
closest to the second end 14 rod cylinder 100. The float-
ing cylinder piston 700 may be located in, and operable
to slide along, the rod cylinder chamber 110.

[0041] The rod cylinder piston 200 and floating piston
700 may be configured to have a coupled state in which
the rod cylinder piston 200 and floating piston 700 are
coupled to one another such that the floating piston 700
is moveable with the rod cylinder piston 200 along the
rod cylinder chamber 110 (for example, as shown in fig-
ures 3, 4; figures 7, 8; figures 11, 14 and figures 16, 19).
[0042] The rod cylinder piston 200 and floating piston
700 may also be configured to have a de-coupled state
in which the rod cylinder piston 200 and floating piston
700 are spaced apart from one another to define a first
floating piston sub-volume 118 of the rod cylinder cham-
ber 110 between the rod cylinder piston 200 and the float-
ing piston 700 (for example, as shown in figures 2, 5;
figures 6, 9; figures 10, 12, 13 and figures 15, 17, 18).
[0043] The rod cylinder piston 200 and floating piston
700 may be coupled by a coupling apparatus 500 (i.e. a
device / means, which may comprise parts 502, 504)
operable to releasably couple the pistons 200, 700 such
that they may be repeatedly (and reliably) coupled and
uncoupled.

[0044] Hence the coupling engagement provided by
the coupling apparatus between the rod cylinder piston
200 and floating piston 700 may be configured to be suf-
ficient to hold the rod cylinder piston 200 and floating
piston 700 together in the coupled state.

[0045] The coupling engagement provided by the cou-
pling apparatus between the rod cylinder piston 200 and
floating piston 700 may be configured to allow the rod
cylinder piston 200 and floating piston 700 to provide the
de-coupled state. That is to say, the engagement pro-
vided by the coupling apparatus between the rod cylinder
piston 200 and floating piston 700 may be configured to
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be sufficient to allow the rod cylinder piston 200 and float-
ing piston 700 to separate and become spaced apart
from one another along the rod cylinder chamber 110.
[0046] In one example, as shown in the figures, the
coupling apparatus 500 may comprise a magnetic cou-
pling arrangement/system (denoted by + and - signs in
the drawings). For example the rod cylinder piston 200
and floating piston 700 may comprise magnetic material
(e.g., a ferrous material). At least one of the rod cylinder
piston 200 and floating piston 700 may comprise a mag-
net. Hence the rod cylinder piston 200 may comprise a
first part 502 of the magnetic coupling arrangement and
the floating piston 700 may comprise a second part 504
of the magnetic coupling arrangement. In examples in
which the rod cylinder piston 200 and floating piston 700
comprise magnets, poles (e.g. + and -) of the/each mag-
net in the rod cylinder piston 200 may be arranged to
face opposite poles of the/each magnet in the floating
piston 700 (i.e., so that they are attracted towards one
another). The rod cylinder 100 may comprise a non-mag-
netic material.

[0047] The force of attraction between the rod cylinder
piston 200 and floating piston 700 may be configured to
be sufficient to hold the rod cylinder piston 200 and float-
ing piston 700 together in the coupled state.

[0048] The force of attraction between the rod cylinder
piston 200 and floating piston 700 may be configured to
be sufficient to allow the rod cylinder piston 200 and float-
ing piston 700 to provide the de-coupled state. That is
to say, the force of attraction between the rod cylinder
piston 200 and floating piston 700 may be configured to
be sufficient to allow the rod cylinder piston 200 and float-
ing piston 700 to separate and become spaced apart
from one another along the rod cylinder chamber 110.
[0049] The force of attraction between the rod cylinder
piston 200 and floating piston 700 may be configured to
be sufficient to urge the floating piston 700 from the de-
coupled state to the coupled state. That is to say, the
force of attraction between the rod cylinder piston 200
and floating piston 700 may be configured to be sufficient
to urge the floating piston 700 towards, and to couple to,
the rod cylinder piston 200.

[0050] In another example (not shown) the coupling
apparatus 500 may comprise a mechanical latch (for ex-
ample a ball spring plunger arrangement). For example
the rod cylinder piston 200 may comprise a first engage-
ment feature 502 and the floating piston 700 may com-
prise a second engagement feature 504, wherein the first
engagement feature 502 and second engagement fea-
ture 504 are configured to engage to couple the cylinder
piston 200 and floating piston 700 together and config-
ured to disengage to allow the cylinder piston 200 and
floating piston 700 to decouple.

[0051] The engagementbetween the firstengagement
feature and second engagement feature may be config-
ured to be sufficient to hold the rod cylinder piston 200
and floating piston 700 together in the coupled state.
[0052] The engagement between the rod cylinder pis-
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ton 200 and floating piston 700 may be configured to be
sufficient to allow the rod cylinder piston 200 and floating
piston 700 to provide the de-coupled state. That is to
say, the force required to separate the first engagement
feature and second engagement feature may be set to
be sufficient to allow the rod cylinder piston 200 and float-
ing piston 700 to separate and become spaced apart
from one another along the rod cylinder chamber 110.
[0053] For example the first engagement feature may
comprise a first part of a latch mechanism, and the sec-
ond engagement feature may comprise a second part of
a latch mechanism, wherein the first and second part of
the latch mechanism are operable to engage to thereby
couple/hold the rod cylinder piston 200 and floating piston
700 together in the coupled state.

[0054] The first and second part of the latch mecha-
nism are operable to decouple to allow the rod cylinder
piston 200 and floating piston 700 to provide the de-cou-
pled state. That is to say, the engagement between the
first part and second part of the latch mechanism may
be configured to be sufficient to allow the rod cylinder
piston 200 and floating piston 700 to separate and be-
come spaced apart from one another along the rod cyl-
inder chamber 110. Put another way, the first part and
second part of the latch mechanism may be configured
such that a force above a predetermined value will cause
the first part and second part of the latch mechanism to
separate/disengage and become spaced apart from one
another along the rod cylinder chamber 110.

[0055] In the examples shown, the double acting cyl-
inder assembly 10, 20, 30, 40 may comprise a suspen-
sion rod 300 which extends from the second surface 206
of the rod cylinder piston 200 inside the second rod cyl-
inder sub-chamber region 114, through an aperture 116
at the second end 14 of the rod cylinder 100. An annulus
320 may be defined between an outer surface 302 of the
suspension rod 300 and the rod cylinder 100. That is to
say, there may be a clearance provided between the sus-
pension rod 300 and the rod cylinder 100, wherein the
clearance defines the annulus 320.

[0056] The rod cylinder piston 200 and floating piston
700 may be configured to seal against the rod cylinder
chamber 110. A seal may be provided between the rod
cylinder piston 200 and rod cylinder chamber 110. A seal
may be provided between the floating piston 700 and rod
cylinder chamber 110.

[0057] There may also be provided an external/auxil-
iary hydraulic system in fluid communication with a first
working fluid circuit 1000 and a second working fluid cir-
cuit 2000. The external/auxiliary hydraulic system may
comprise or define a reservoir for working fluid (i.e., a
source of working fluid). The firstworking fluid circuit 1000
and the second working fluid circuit 2000 may be in fluid
communication with one another via the external/auxil-
iary hydraulic system isolated from one another insofar
as they receive and deliver working fluid from the same
source. In another example the first working fluid circuit
1000 and the second working fluid circuit 2000 may be
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fluidly isolated from one another - for example the first
working fluid circuit 1000 and the second working fluid
circuit 2000 may be in fluid communication with different
hydraulic system reservoirs.

[0058] The first working fluid circuit 1000 and second
working fluid circuit 2000 are configured to deliver work-
ing fluid to and receive working fluid from the exter-
nal/auxiliary hydraulic system. The external/auxiliary hy-
draulic system, first working fluid circuit 1000 and second
working fluid circuit 2000 may be provided as part of the
shock absorbing system 600, vehicle and/or artillery
weapon.

[0059] The first working fluid circuit 1000 supplies a
first working fluid 400 to the double acting cylinder as-
sembly 10, 20, 30, 40. The second working fluid circuit
2000 supplies a second working fluid 402 to the double
acting cylinder assembly 10, 20, 30, 40.

[0060] In the examples of figures 2 to 5 and figures 6
to 9, the floating piston 700 is located in, and operable
to slide along, the first rod cylinder sub-chamber region
112 between a stop 702 and the first surface 202 of the
rod cylinder piston 200. The stop 702 is provided in the
first rod cylinder sub-chamber region 112. The stop 702,
floating piston 700 and rod cylinder piston 200 are pro-
vided in series along the longitudinal axis 16. The stop
702 may be located between the first end 12 of the rod
cylinder 100 and the rod cylinder piston 200. The stop
702 may be located at the first end 12 of the rod cylinder
100. The stop 702 may be defined by the first end 12 of
the rod cylinder 100. The stop 702 may extend from the
first end 12 of the rod cylinder 100. The stop may be
spaced apart from the first end 12 of the rod cylinder 100.
[0061] In the coupled state the floating piston 700 is
moveable with the rod cylinder piston 200 in the rod cyl-
inder chamber 100 along the longitudinal axis 16. Hence
in the coupled state the floating piston 700 is moveable
with the rod cylinder piston 200 and in the coupled state
the floating piston 700 moves along the first rod cylinder
sub chamber region 112. In the de-coupled state the
first floating piston sub-volume 118 is a sub-volume of
the first rod cylinder sub-chamber region 112. A second
floating piston sub-volume 119 is defined between the
floating piston 700 and the first end 12 of the rod cylinder
100. Hence the second floating piston sub-volume 119
is also a sub-volume of the first rod cylinder sub-chamber
region 112 since it is defined between the floating piston
700 and the first end 12 of the rod cylinder 100.

[0062] Also, in the examples of figures 2 to 5 and fig-
ures 6 to 9, the second floating piston sub-volume 119
of the first rod cylinder sub-chamber region 112 may be
in fluid communication with a breather port 124. The
breather port 124 may be open to atmosphere or a large
reservoir.

[0063] The first floating piston sub-volume 118 be-
tween the rod cylinder piston 200 and the floating piston
700 may be configured to be in fluid communication with
the first working fluid circuit 1000 via a first flow port 120.
[0064] The second rod cylinder sub-chamber region
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114 may be configured to be in fluid communication with
the second working fluid circuit 2000 via a second flow
port 122.

[0065] There may be provided a control system 604,
the control system 604 operable to control the first flow
port 120 and second flow port 122.

[0066] In the examples of figures 10 to 14 and figures
15 to 19, the floating piston 700 may be located in, and
operable to slide along, the second rod cylinder sub-
chamber region 114, between a stop 704 and the rod
cylinder piston 200.

[0067] It follows that, in the examples of figures 10 to
14 and figures 15 to 19 the firstrod cylinder sub-chamber
region 112 is on the opposite side of the rod cylinder
piston 200 to the second rod cylinder sub-chamber region
114. That is, the first rod cylinder sub-chamber region
112 extends from the first end 12 of the rod cylinder 12.
[0068] The stop 704 is provided in the second rod cyl-
inder sub-chamber region 114. The stop 704, floating
piston 700 and rod cylinder piston 200 are provided in
series along the longitudinal axis 16. The stop 704 may
be located between the second end 14 and the rod cyl-
inder piston 200. The stop 704 may be located at the
second end 14. The stop 704 may be defined by the
second end 14. The stop 704 may extend from the sec-
ond end 14. The stop 702 may be spaced apart from the
second end 14.

[0069] In the coupled state the floating piston 700 is
moveable with the rod cylinder piston 200 in the second
rod cylinder sub-chamber region 114 along the longitu-
dinal axis 16. In the de-coupled state the first floating
piston sub-volume 118 is a sub-volume of the second
rod cylinder sub-chamber region 114. A second floating
piston sub-volume 119 may be defined between the float-
ing piston 700 and the second end 14 of the rod cylinder
100. The second floating piston sub-volume 119 is also
a sub-volume of the first rod cylinder sub-chamber region
112. The second floating piston sub-volume 119 may be
defined between the floating piston 700 and the second
end 14 of the rod cylinder 100.

[0070] Also, in the examples of figures 10 to 14 and
figures 15 to 19, the second rod cylinder sub-chamber
region 114 may be in fluid communication with a breather
port 124. The breather port 124 may be open to atmos-
phere or a large reservoir.

[0071] In the examples of figures 10 to 14 and figures
15 to 19, the first rod cylinder sub-chamber region 112
may be configured to be in fluid communication with the
second working fluid circuit 2000 via a second flow port
122. The first floating piston sub-volume 118 between
the rod cylinder piston 200 and the floating piston 700
may be configured to be in fluid communication with the
first working fluid circuit 1000 via a first flow port 120.
[0072] In the examples of figures 2 to 5 and figures 10
to 14 the suspension rod 300 may define a first flow pas-
sage 304. The first flow passage 304 may extend be-
tween the first flow port 120 and an opening 204.
[0073] The first flow passage 304 may be configured
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to deliver the first working fluid 400 to between the rod
cylinder piston 200 and the floating piston 700. That is
to say the first flow passage 304 may be configured to
deliver the first working fluid 400 to a region, volume
and/or space defined between the rod cylinder piston 200
and the floating piston 700. Put another way, the first flow
passage 304 may be configured to deliver the first work-
ing fluid 400 to the first floating piston sub-volume 118,
between the rod cylinder piston 200 and the floating pis-
ton 700 via the opening 204.

[0074] Inthe example of figures 2 to 5 the opening 204
may be defined by the rod cylinder piston 200. The first
flow passage 304 may extend from the suspension rod
300, through the second surface 206 of the rod cylinder
piston 200 and through the rod cylinder piston 200 to the
opening 204 on the first surface 202. In other words, the
opening 204 may be in flow communication with the first
flow passage 304 and open onto the first surface 202 of
the rod cylinder piston 200.

[0075] In the example of figures 10 to 14 the opening
204 may be defined by the suspension rod 300. For ex-
ample, the opening 204 may be in flow communication
with the first flow passage 304 and open into the annulus
320 onto the outer surface 302 of the suspension rod
300. The opening 204 may be provided in the suspension
rod 300. The opening 204 may be located proximate to
the second surface 206 of the rod cylinder piston 200.
The opening may be (at least in part) defined by the sec-
ond surface 206 of the rod cylinder piston 200. The open-
ing 204 may extend from the second surface 206 of the
rod cylinder piston 200. The opening 204 may be spaced
apart from the rod cylinder piston 200 along the outer
surface 302 of the outer surface 302 of the suspension
rod 300.

[0076] The first flow passage 304 may also be config-
ured to remove the first working fluid 400 from the first
floating piston sub-volume 118 between the rod cylinder
piston 200 and the floating piston 700 when they are in
the de-coupled state. For example the first working fluid
400 may be pumped/forced out of the first floating piston
sub-volume 118 via the first flow passage 304.

[0077] In one example the first working fluid 400 may
be removed from the first floating piston sub-volume 118
by drawing/sucking/pumping the first working fluid 400
from the first floating piston sub-volume 118, for example
by the action of a pump in fluid communication with the
first flow passage 304.

[0078] In an alternative example, with reference to fig-
ures 2 to 5 the first working fluid 400 may be removed
from the first floating piston sub-volume 118 by pumping
the second working fluid 402 into the second rod cylinder
sub-chamber region 114 to move the rod cylinder piston
200 along the rod cylinder 100 towards the first end 12,
which forces the first working fluid 400 and floating piston
700 along the rod cylinder 100 towards the first end 12
of the rod cylinder 100 until the floating piston 700 rests
against the stop 702. If the second working fluid 402 con-
tinues to be pumped into the second rod cylinder sub-

10

15

20

25

30

35

40

45

50

55

chamber region 114, the rod cylinder piston 200 contin-
ues to move along the rod cylinder 100 towards the first
end 12 of the cylinder 100. With the floating piston 700
resting against the stop 702, the first working fluid 400 is
forced out of the first floating piston sub-volume 118 via
the first flow passage 304 until the rod cylinder piston
200 and the floating piston 700 make contactand achieve
the coupled state.

[0079] In an alternative example, with reference to fig-
ures 10 to 14 the first working fluid 400 may be removed
from the first floating piston sub-volume 118 by pumping
the second working fluid 402 into the first rod cylinder
sub-chamber region 112 to move the rod cylinder piston
200 along the rod cylinder towards the second end 14,
which forces the first working fluid 400 and floating piston
700 along the rod cylinder 100 towards the second end
14 of the rod cylinder 100 until the floating piston 700
rests against the stop 704. If the second working fluid
402 continues to be pumped into the first rod cylinder
sub-chamberregion 112, the rod cylinder piston 200 con-
tinues to move along the rod cylinder 100 towards the
second end 14 of the cylinder 100. With the floating piston
700 resting against the stop 704, the first working fluid
400 is forced out of the first floating piston sub-volume
118 the first flow passage 304 until the rod cylinder piston
200 and the floating piston 700 make contactand achieve
the coupled state.

[0080] In the examples of figures 6 to 9 and figures 15
to 19 the double acting cylinder assembly 20, 40 com-
prises a bore feed tube 800 which may extend between
the first flow port 120 and an opening 802. The bore feed
tube 800 may extend through an aperture 115 at the first
end 12 of the rod cylinder 100 to deliver the first working
fluid 400 to between the rod cylinder piston 200 and the
floating piston 700. That s to say, the bore feed tube 800
may be configured to deliver the first working fluid 400
to a region, volume and/or space defined between the
rod cylinder piston 200 and the floating piston 700. Put
another way, the bore feed tube 800 may be configured
to deliver the first working fluid 400 to the first floating
piston sub-volume 118, between the rod cylinder piston
200 and the floating piston 700 via the opening 802.
[0081] Inthe example of figures 6 to 9 the opening 802
may be defined by the floating cylinder piston 700. The
bore feed tube 800 may extend through the floating cyl-
inder piston 700 to the opening 802, where the opening
802 is provided on the second surface 706 of the floating
cylinder piston 700. In other words, the opening 802 may
be in fluid communication with the bore feed tube 800
and open onto the second surface 706 of the floating
cylinder piston 700.

[0082] Inthe examples of figures 15 to 19 the opening
802 may be defined by the suspension rod 300. For ex-
ample, the opening 802 may be in flow communication
with the bore feed tube 800 and open into the annulus
320. The opening may be provided on the outer surface
302 of the suspension rod 300. The opening 802 may be
located proximate to the second surface 206 of the rod
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cylinder piston 200. The opening 802 may be defined by
the second surface 206 of the rod cylinder piston 200.
The opening 802 may extend from the second surface
206 of the rod cylinder piston 200. The opening 802 may
be spaced apart from the rod cylinder piston 200 along
the suspension rod 300.

[0083] The bore feed tube 800 may also be configured
to remove the first working fluid 400 from the first floating
piston sub-volume 118 between the rod cylinder piston
200 and the floating piston 700 when they are in the de-
coupled state. For example the first working fluid 400
may be pumped/forced out of the first floating piston sub-
volume 118 via the bore feed tube 800.

[0084] In one example the first working fluid 400 may
be removed from the first floating piston sub-volume 118
by drawing/sucking/pumping the first working fluid 400
from the first floating piston sub-volume 118, for example
by the action of a pump in fluid communication with the
bore feed tube 800.

[0085] In an alternative example, with reference to fig-
ures 6 to 9 the first working fluid 400 may be removed
from the first floating piston sub-volume 118 by pumping
the second working fluid 402 into the second rod cylinder
sub-chamber region 114 to move the rod cylinder piston
200 along the rod cylinder 100 towards the first end 12,
which forces the first working fluid 400 and floating piston
700 along the rod cylinder 100 towards the first end 12
of the rod cylinder 100 until the floating piston 700 rests
against the stop 702. If the second working fluid 402 con-
tinues to be pumped into the second rod cylinder sub-
chamber region 114, the rod cylinder piston 200 contin-
ues to move along the rod cylinder 100 towards the first
end 12 of the cylinder 100. With the floating piston 700
resting against the stop 702, the first working fluid 400 is
forced out of the first floating piston sub-volume 118 via
the bore tub 800 until the rod cylinder piston 200 and the
floating piston 700 make contact and achieves the cou-
pled state.

[0086] In an alternative example, with reference to fig-
ures 15 to 19 the first working fluid 400 may be removed
from the first floating piston sub-volume 118 by pumping
the second working fluid 402 into the first rod cylinder
sub-chamber region 112 to move the rod cylinder piston
200 along the rod cylinder towards the second end 14,
which forces the first working fluid 400 and floating piston
700 along the rod cylinder 100 towards the second end
14 of the rod cylinder 100 until the floating piston 700
rests against the stop 704. If the second working fluid
402 continues to be pumped into the first rod cylinder
sub-chamber region 112, the rod cylinder piston 200 con-
tinues to move along the rod cylinder 100 towards the
second end 14 of the cylinder 100. With the floating piston
700 resting against the stop 704, the first working fluid
400 is forced out of the first floating piston sub-volume
118 via the bore tub 800 until the rod cylinder piston 200
and the floating piston 700 make contact and achieve
the coupled state.

[0087] Inallexamples, the breather port 124 may com-
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prise a breather valve 126. The breather valve 126 may
be operable to open to allow flow of a third working fluid
404 into and/or out of the second floating piston sub-
volume 119 to allow free movement of the rod cylinder
piston 200 and floating piston 700. The breather valve
126 may be operable to close to prevent flow of the third
working fluid 404 into and/or out of the second floating
piston sub-volume 119 to maintain the third working fluid
404 at a controllable and predictable pressure range in
the second floating piston sub-volume 119. Air trapped
in this volume, for example by diffusion or outgassing,
can be vented through the breather valve 126.

[0088] The first working fluid 400 may be incompress-
ible.

[0089] The second working fluid 402 may be incom-
pressible.

[0090] The third working fluid 404 may be compressi-
ble.

[0091] In the examples of figures 2 to 5 and figures 6

to 9, the double acting cylinder assembly 10, 20 is oper-
able to vary the position of the rod cylinder piston 200
between the first end 12 and the second end 14 of the
rod cylinder 100 by the first flow port 120 being operable
to control the flow of the first working fluid 400 between
the first working fluid circuit 1000 and the first floating
piston sub-volume 118 between the rod cylinder piston
200 and the floating piston 700 and by the second flow
port 122 being operable to control the flow of the second
working fluid 402 between the second working fluid circuit
2000 and the second rod cylinder sub-chamber region
114.

[0092] In the examples of figures 2 to 5 and figures 6
to 9, the double acting cylinder assembly 10, 20 may be
configured so that when the first flow port 120 and the
second flow port 122 are controlled to be open, the flow
of first working fluid 400 into the first floating piston sub-
volume 118 between the rod cylinder piston 200 and the
floating piston 700 from the first working fluid circuit 1000
through the first flow port 120 causes them to decouple
and causes relative movement between the rod cylinder
piston 200 and the floating piston 700. This causes the
floating piston 700 to be moved towards the stop 702.
Hence this may result in the floating piston 700 being
urged towards the stop 702.

[0093] Additionally, the flow of first working fluid 400
into the first floating piston sub-volume 118 between the
rod cylinder piston 200 and the floating piston 700 causes
the rod cylinder piston 200 to move in a direction away
from the stop 702 towards the second end 14 of the rod
cylinder 100 (i.e., to increase the distance between the
rod cylinder piston 200 and the first end 12 of the double
acting cylinder assembly 10, 20). At the same time the
second working fluid 402 flows from the second rod cyl-
inder sub-chamber region 114 to the second working fluid
circuit 2000 through the second flow port 122. For exam-
ple, the second working fluid 402 may be caused to flow
from the second rod cylinder sub-chamber region 114
because of the force induced on the rod cylinder piston
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200 by the flow of first working fluid 400 into the first
floating piston sub-volume 118 between the rod cylinder
piston 200 and the floating piston 700. Additionally, or
alternatively, the second working fluid 402 may be drawn
into the second working fluid circuit 2000 from the second
rod cylinder sub-chamber region 114.

[0094] Inthe example of figures 2 to 5, figure 3 shows
the double acting cylinder assembly 10 when fully com-
pressed.

[0095] Inthe example of figures 6 to 9, figure 7 shows
the double acting cylinder assembly 20 when fully com-
pressed.

[0096] An external force applied to the rod 300 (indi-
cated by the arrow A2, B2 in figures 3, 7), causes the
cylinder assembly 10 to extend to the configuration
shown in figures 4, 8. During this forced extension, the
second working fluid 402 is allowed to egress from the
annulus 320 through the second flow port 122.

[0097] If the rod cylinder piston 200 and floating piston
700 are in the coupled state (as shown in figures 3, 7)
the floating piston 700 will travel with the rod cylinder
piston 200 (for example to the position shown in figure
4, 8). In examples in which the breather port 124 is open
to atmosphere, the changing volume of the second float-
ing piston sub-volume 119 will not impede the movement
of the rod cylinder piston 200 and floating piston 700.
[0098] The rod cylinder piston 200 can also be driven
to extend from the configuration shown in figures 3, 7 by
means of controlling the flow of first working fluid 400 into
the first floating piston sub-volume 118 between the rod
cylinder piston 200 and the floating piston 700 from the
first working fluid circuit 1000 through the first flow port
120 (thereby causing the rod cylinder piston 200 and
floating piston 700 to de-couple) and allowing egress of
the second working fluid 402 from the annulus 320
through the second flow port 122 as shown in figures 5, 9.
[0099] Inthe example of figures 2 to 5 the first working
fluid 400 is supplied to the first floating piston sub-volume
118 between the rod cylinder piston 200 and the floating
piston 700 via the first flow passage 304 in the suspen-
sion rod 300.

[0100] Inthe example of figures 6 to 9 the first working
fluid 400 is supplied to the first floating piston sub-volume
118 between the rod cylinder piston 200 and the floating
piston 700 via the bore feed tube 800.

[0101] In both cases the introduction of a pressurised
second working fluid 402 pushes the floating piston 700
towards the firstend 12 ofthe rod cylinder 100 and causes
the rod cylinder piston 200 and the floating piston 700 to
de-couple and thus supply enough force to overcome
the features of the coupling apparatus which hold them
together (for example overcome the magnetic force be-
tween them where magnets are employed, or supply
enough force to disengage the engagement features /
latch parts where mechanical engagement features are
employed.

[0102] Inthe configurationoffigures 5,9, should aforce
as indicated by arrows A3, B3, be applied to the suspen-
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sion rod 300 in the direction shown in figures 5, 9 (i.e.
away from the first end 12), the floating piston 700 will
tend to follow the rod cylinder piston 200 (albeit being in
the de-coupled state and hence being spaced apart
from it) and cavitation will not occur, as no pressure drop
will be needed to pull the floating piston 700 and no vol-
ume change in the first working fluid 400 of the first float-
ing piston sub-volume 118 will occur, and hence no cav-
itation will occur.

[0103] The rate of fluid flow out of port 122 may be
controlled to provide damping to the movement of the
rod cylinder piston 200.

[0104] In the examples of figures 10 to 14 and figures
15 to 19 the double acting cylinder assembly 30, 40 is
operable to vary the position of the rod cylinder piston
200 between the first end 12 and the second end 14 of
the rod cylinder 100 by the first flow port 120 being op-
erable to control the flow of the first working fluid 400
between the first working fluid circuit 1000 and the first
floating piston sub-volume 118, and by the second flow
port 122 being operable to control the flow of the second
working fluid 402 between the second working fluid circuit
2000 and the first rod cylinder sub-chamber region 112.
[0105] In the examples of figures 10 to 14 and figures
15 to 19 the double acting cylinder assembly 30, 40 may
be configured such that when the first flow port 120 and
the second flow port 122 are controlled to be open the
flow of the first working fluid 400 into the first floating
piston sub-volume 118 from the first working fluid circuit
1000 through the first flow port 120 causes relative move-
ment between the rod cylinder piston 200 and the floating
piston 700. This causes the floating piston 700 to be
moved towards the stop 704. Hence this may result in
the floating piston 700 being urged towards the stop 704.
This may result in the floating piston 700 being urged into
engagement with the stop 704.

[0106] In turn this may cause the second working fluid
402 to flow from the first rod cylinder sub-chamber region
112 to the second working fluid circuit 2000 through the
second flow port 122 to reduce the distance between
the rod cylinder piston 200 and the first end 12 of the
double acting cylinder assembly 30, 40.

[0107] The flow of the first working fluid 400 into the
first floating piston sub-volume 118 causes the rod cyl-
inder piston 200 to move in a direction away from the
stop 704 towards the first end 12 (i.e. to increase the
distance between the rod cylinder piston 200 and the
second end 14 of the double acting cylinder assembly
30, 40). At the same time the second working fluid 402
flows from the first rod cylinder sub-chamber region 112
to the second working fluid circuit 2000 through the sec-
ond flow port 122. For example, the second working fluid
402 may be caused to flow from the first rod cylinder sub-
chamber region 112 because of the force induced on the
rod cylinder piston 200 by the flow of first working fluid
400 into the first floating piston sub-volume 118. Addi-
tionally, or alternatively, the second working fluid 402
may be drawn into the second working fluid circuit 2000
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from first rod cylinder sub-chamber region 112.

[0108] In the example of figures 10 to 14, figure 11
shows the double acting cylinder assembly 30 when fully
extended.

[0109] In the example of figures 15 to 19, figure 16
shows the double acting cylinder assembly 40 when fully
extended.

[0110] An external force applied to the rod 300 (indi-
cated by thearrows C1,D1infigures 11, 16), would cause
the cylinder assembly 10 to retract.

[0111] If the rod cylinder piston 200 and floating piston
700 are in the coupled state (as shown in figures 11,
16) the floating piston 700 will travel with the rod cylinder
piston 200. In examples in which the breather port 124
is open to atmosphere, the changing volume of the sec-
ond floating piston sub-volume 119 will not impede the
movement of the rod cylinder piston 200 and floating pis-
ton 700.

[0112] The rod cylinder piston 200 can also be driven
to retract from the configuration shown in figures 11,16
by means of controlling the flow of first working fluid 400
into the first floating piston sub-volume 118 between the
rod cylinder piston 200 and the floating piston 700 from
the first working fluid circuit 1000 through the first flow
port 120 (thereby causing the rod cylinder piston 200 and
floating piston 700 to de-couple), and allowing egress
of the second working fluid 402 from the first rod cylinder
sub-chamber region 112 through the second flow port
122, as shown in figures 12, 17.

[0113] Inthe example of figures 10 to 14 the first work-
ing fluid 400 is supplied to the first floating piston sub-
volume 118 between the rod cylinder piston 200 and the
floating piston 700 via the first flow passage 304 in the
suspension rod 300.

[0114] Inthe example of figures 15 to 19 the first work-
ing fluid 400 is supplied to the first floating piston sub-
volume 118 between the rod cylinder piston 200 and the
floating piston 700 via the bore feed tube 800.

[0115] In both cases the introduction of pressurised
second working fluid 402 pushes the floating piston 700
towards the second end 14 of the rod cylinder 100 and
causes the rod cylinder piston 200 and the floating piston
700 to de-couple and thus supply enough force to over-
come the features of the coupling apparatus which hold
them together (for example overcome the magnetic force
between them where magnets are employed, or supply
enough force to disengage the engagement features /
latch parts where mechanical engagement features are
employed.

[0116] In the configuration of figures 12, 17, should a
force be applied to the suspension rod 300 in the direction
shown in figures 12, 17 (i.e. away from the second end
14), the floating piston 700 will tend to follow the rod cyl-
inder piston 200 (albeit being in the de-coupled state
and hence being spaced apart from it) and cavitation will
not occur, as no pressure drop will be needed to pull the
floating piston 700 and no volume change in the fluid of
the first floating piston sub-volume 118 will occur, and
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hence no cavitation will occur.

[0117] The rate of fluid flow out of the second flow port
122 may be controlled to provide damping to the move-
ment of the rod cylinder piston 200.

[0118] Hencethereis provided adouble acting cylinder
that can mitigate or avoid cavitation. This is achieved by
the rod cylinder piston and floating piston being config-
ured to have a coupled state and an uncoupled state.
Hence any volume change in the fluid constrained by the
floating piston is prevented or minimised by the ability of
the rod cylinder piston and floating piston to separate
during a shock/impulse load.

[0119] Thus systems in which the solutions of the
presentdisclosures are used will avoid pressure changes
on the hydraulic fluid which may result in cavitation whilst
obviating the need for conventional cavitation solutions
(e.g. an accumulator) to be added. Hence a doubling
acting cylinder of the presentdisclosure enables systems
which avoid cavitation but do not need to include such
conventional cavitation solutions (e.g., an accumulator),
which enables more compact, lighter and simpler sys-
tems (compared to examples of the related art) to be
realised.

[0120] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.

[0121] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.

[0122] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

[0123] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed.

Claims
1. A double acting cylinder assembly comprising:
a rod cylinder which extends from a first end to

a second end along a longitudinal axis, the rod
cylinder being hollow and defines a chamber;
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arod cylinder piston located in, and operable to
move along, the rod cylinder chamber to define
a first rod cylinder sub-chamber region on one
side of the rod cylinder piston and a second rod
cylinder sub-chamber region on the other side
of the rod cylinder piston;

a floating piston located in, and operable to slide
along, the rod cylinder chamber; wherein:

the rod cylinder piston and floating piston
are configured to have:

a coupled state in which the rod cylinder
piston and floating piston are coupled to one
another such that the floating piston is
moveable with the rod cylinder piston along
the rod cylinder chamber; and

a de-coupled state in which the rod cylin-
der piston and floating piston are spaced
apart from one another to define a first float-
ing piston sub-volume of the rod cylinder
chamber between the rod cylinder piston
and floating piston.

2. A double acting cylinder assembly as claimed in

claim 1 wherein the rod cylinder piston and floating
piston comprise a coupling apparatus;

wherein coupling engagement provided by the cou-
pling apparatus between the rod cylinder piston and
floating piston is configured to be sufficient to:

hold the rod cylinder piston and floating piston
together in the coupled state;

allow the rod cylinder piston and floating piston
to provide the de-coupled state.

A double acting cylinder assembly as claimed in
claim 1 wherein the rod cylinder piston and floating
piston comprise magnetic material and at least one
oftherod cylinder piston and floating piston comprise
a magnet;

wherein the force of attraction between the rod cyl-
inder piston and floating piston is configured to be
sufficient to:

hold the rod cylinder piston and floating piston
together in the coupled state;

allow the rod cylinder piston and floating piston
to provide the de-coupled state; and

urge the floating piston from the de-coupled
state to the coupled state.

4. Adouble acting cylinder assembly as claimed in any

one of claims 1 to 3 wherein

the double acting cylinder assembly further
comprises a suspension rod which extends from
the rod cylinder piston inside the second rod cyl-
inder sub-chamber region, through an aperture
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at the second end of the rod cylinder;
wherein an annulus is defined between the sus-
pension rod and the rod cylinder.

A double acting cylinder assembly as claimed in any
one of claims 1 to 4 wherein the floating piston is
located in, and operable to slide along, the first rod
cylinder sub-chamber region between a stop located
between the first end and the rod cylinder piston such
that:

in the coupled state the floating piston is move-
able with the rod cylinder piston and in the cou-
pled state the floating piston 700 is moveable
along the first rod cylinder sub-chamber region;
and

in the de-coupled state the first floating piston
sub-volume is a sub-volume of the first rod cyl-
inder sub-chamber region; and

a second floating piston sub-volume is defined be-
tween the floating piston and the first end of the rod
cylinder.

A double acting cylinder assembly as claimed in
claim 5 wherein the second floating piston sub-vol-
ume of the first rod cylinder sub-chamber region is
in fluid communication with a breather port.

A double acting cylinder assembly as claimed in
claim 5 and claim 6 wherein:

the first floating piston sub-volume is configured
to be in fluid communication with a first working
fluid circuit via a first flow port; and

the second rod cylinder sub-chamber region
configured to be in fluid communication with a
second working fluid circuit via a second flow
port.

8. A double acting cylinder assembly as claimed in

claim 7 configured such that when the first flow port
and the second flow port are controlled to be open:

flow of first working fluid into the first floating
piston sub-volume from the first working fluid cir-
cuit through the first flow port causes relative
movement between the rod cylinder piston and
the floating piston and,

when the floating piston is in engagement with
the stop the flow of first working fluid into the first
floating piston sub-volume causes the distance
between the rod cylinder piston and the firstend
of the double acting cylinder assembly to in-
crease, causing the second working fluid to flow
from the second rod cylinder sub-chamber re-
gion to the second working fluid circuit through
the second flow port.
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A double acting cylinder assembly as claimed in any
one of claims 1 to 4 wherein the floating piston is
located in, and operable to slide along, the second
rod cylinder sub-chamber region, between a stop lo-
cated between the second end and the rod cylinder
piston such that:

in the coupled state the floating piston is move-
able with the rod cylinder piston in the second
rod cylinder sub-chamber region; and

in the de-coupled state the first floating piston
sub-volume is a sub-volume of the second rod
cylinder sub-chamber region; and

a second floating piston sub-volume is defined
between the floating piston and the second end
of the rod cylinder.

A double acting cylinder assembly as claimed in
claim 9 wherein the second rod cylinder sub-cham-
ber region is in fluid communication with a breather
port.

A double acting cylinder assembly as claimed in
claim 9 and claim 10 wherein:

the first rod cylinder sub-chamber region is con-
figured to be in fluid communication with a sec-
ond working fluid circuit via a second flow port;
and

the first floating piston sub-volume is configured
to be in fluid communication with a first working
fluid circuit via a first flow port.

A double acting cylinder assembly as claimed in any
one of claims 9 to 11 configured such that when the
first flow port and the second flow port are controlled
to be open:

flow of first working fluid into the first floating piston
sub-volume from the first working fluid circuit through
the first flow port causes relative movement between
the rod cylinder piston and the floating piston to
cause the floating piston to be urged towards the
stop to cause the second working fluid to flow from
the first rod cylinder sub-chamber region to the sec-
ond working fluid circuit through the second flow port
and to reduce the distance between the rod cylinder
piston and the first end of the double acting cylinder
assembly.

A double acting cylinder assembly as claimed in
claims 8, 12 when dependent on claim 4 wherein the
suspension rod defines a first flow passage which
extends between the first flow port and an opening
defined by the rod cylinder piston configured to de-
liver the first working fluid to the first floating piston
sub-volume between the rod cylinder piston and the
floating piston.

10

15

20

25

30

35

40

45

50

55

12

14.

15.

22

A double acting cylinder assembly as claimed in
claims 8, 12 when dependent on claim 4 further com-
prising a bore feed tube which extends through the
first end of the rod cylinder piston, and through the
floating piston to deliver the first working fluid to the
first floating piston sub-volume between the rod cyl-
inder piston and the floating piston.

A double acting cylinder assembly as claimed in any
one of the preceding claims wherein the rod cylinder
piston and floating piston are configured to seal
against the rod cylinder chamber.
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