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(57)  Ahydraulic charging and driving system (4), and
corresponding method, for extending and retracting a hy-
draulic actuator (2), comprising: a motor assembly (22);
and an accumulator assembly (20), the motor assembly
(22) and the accumulator assembly (20) being hydrauli-
cally coupled to each other; wherein the motor assembly
(22) is arranged to recharge the accumulator assembly
(20) with hydraulic fluid at a relatively slow rate that is
slower than the rate at which the accumulator assembly

(20) is arranged to discharge when actuating the hydrau-
lic actuator (2). The system may further comprise a se-
lector valve (24). The accumulator assembly (20) may
comprise an accumulator chamber (30), and a compres-
sion means (32) provided within the accumulator cham-
ber (30). The motor assembly (22) may comprise a motor
(42) arranged to vary a volume of a hydraulic charging
chamber (38) of the motor assembly (22).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to hydraulic actu-
ators and hydraulic actuator systems. The presentinven-
tion relates in particular to, but is not limited to, hydraulic
actuators and hydraulic actuator systems for aircraft.

BACKGROUND

[0002] The use of hydraulic actuators, for example in
aircraft, is well established. For example, they are used
for flight control applications such as moving control
flaps, for landing gear extension and retraction, and so
on.

[0003] Conventionally, a plurality of actuators are cou-
pled to a common hydraulic circuit that comprises a res-
ervoir and a pump. An advantage of hydraulic actuators
is the ability to provide a relatively high power density.
[0004] A disadvantage of the above described ar-
rangements is that servicing or replacement of individual
actuators can be relatively complex due to the possibility
of requiring to bleed, flush and replenish the whole hy-
draulic circuit.

SUMMARY OF THE INVENTION

[0005] The presentinventor has realised that in many
applications, although a relatively high power density is
required or desirable, this does not need to be continually
available.

[0006] In a first aspect, the invention provides a hy-
draulic charging and driving system for extending and
retracting a hydraulic actuator, comprising: a motor as-
sembly; and an accumulator assembly, the motor assem-
bly and the accumulator assembly being hydraulically
coupled to each other; wherein the motor assembly is
arranged to recharge the accumulator assembly with hy-
draulic fluid at a relatively slow rate that is slower than
the rate at which the accumulator assembly is arranged
to discharge when actuating the hydraulic actuator.
[0007] The system may further comprise a selector
valve.

[0008] The accumulator assembly may comprise an
accumulator chamber, and a compression means pro-
vided within the accumulator chamber.

[0009] The motor assembly may comprise a motor ar-
ranged to vary a volume of a hydraulic charging chamber
of the motor assembly.

[0010] The system may further comprise a hydraulic
actuator comprising a bottom chamber and a piston-side
chamber; wherein the accumulator assembly may be hy-
draulically coupled to the bottom chamber via a first set-
ting of the selector valve to provide extension of the hy-
draulic actuator.

[0011] The accumulator assembly may be further hy-
draulically coupled to the piston-side chamber, in addition
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to being hydraulically coupled to the bottom chamber,
via the first setting of the selector valve to provide exten-
sion of the hydraulic actuator.

[0012] The piston-side chamber may be hydraulically
coupled to the motor assembly via a further setting of the
selector valve to provide retraction of the hydraulic actu-
ator.

[0013] The system may further comprise an emergen-
cy assembly arranged to provide at least emergency ex-
tension of the hydraulic actuator.

[0014] In a further aspect, the invention provides a
method of operating a hydraulic system comprising a hy-
draulic actuator, a selector valve, and a motor assembly
and an accumulator assembly hydraulically coupled in a
hydraulic circuit; the method comprising: hydraulically
extending the hydraulic actuator; thereafter, recharging
the accumulator assembly with hydraulic fluid via the hy-
draulic circuit at a relatively slow recharge rate such that
the recharge takes longer than the time taken to extend
the hydraulic actuator.

[0015] The step of recharging the accumulator assem-
bly with hydraulic fluid may be performed by a motor of
the motor assembly varying a volume of a hydraulic
charging chamber of the motor assembly.

[0016] The step of hydraulically extending the hydrau-
lic actuator may be performed by hydraulically coupling
the accumulator assembly to a bottom chamber of the
hydraulic actuator by setting the selector valve to a first
setting.

[0017] The step of hydraulically extending the hydrau-
lic actuator may be performed by, in addition to hydrau-
lically coupling the accumulator assembly to a bottom
chamber of the hydraulic actuator, also hydraulically cou-
pling the accumulator assembly to the piston-side cham-
ber, by setting the selector valve to the first setting.
[0018] The method may further comprise hydraulically
retracting the hydraulic actuator.

[0019] The method may further comprise, after hydrau-
lically retracting the hydraulic actuator, recharging the
accumulator assembly with hydraulic fluid via the hydrau-
lic circuit at a relatively slow recharge rate such that the
recharge takes longer than the time taken to retract the
hydraulic actuator.

[0020] The method may further comprise performing
at least an emergency extension of the hydraulic actua-
tor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Figure 1 is a schematic illustration (not to scale) of
a hydraulic actuator system;

Figure 2 is a process flowchart showing certain steps
of a cyclic method of actuation using the hydraulic
actuator system of Figure 1;
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Figures 3 to 9 (and above mentioned Figure 1) show
the hydraulic actuator system at respective stages
of the method of Figure 2;

Figure 10 shows the hydraulic actuator system when
an optional emergency actuation process is carried
out;

Figure 11 is a schematic illustration (not to scale) of
a further hydraulic actuator system;

Figure 12 is a process flowchart showing certain
steps of a cyclic method of actuation using the hy-
draulic actuator system of Figure 11;

Figures 13 to 18 (and above mentioned Figure 11)
show the hydraulic actuator system at respective
stages of the method of Figure 12; and

Figures 19 and 20 show the hydraulic actuator sys-
tem when an optional emergency actuation process
is carried out.

DETAILED DESCRIPTION

[0022] Figure 1isaschematicillustration (not to scale)
of a first embodiment of a hydraulic actuator system 1.
[0023] In this embodiment the hydraulic actuator sys-
tem 1 comprises a linear hydraulic actuator 2 that is hy-
draulically coupled to a hydraulic charging and driving
system 4 adapted to hydraulically charge the linear hy-
draulic actuator 2.

[0024] Inthis embodimentthe linear hydraulic actuator
2 comprises a cylinder barrel 6, a piston (which may also
be termed an actuator valve) 8, and a piston rod 10 at-
tached to the piston 8. The piston is arranged to be able
to move back and forth along the cylinder barrel 6. The
cylinder barrel 6 is closed at one end by a cylinder base
(which may also be termed cap) 12. The cylinder barrel
6 is closed at its other end by a cylinder head 14 where
the piston rod 10 comes out of the cylinder barrel 6. The
piston 8 divides the inside of the cylinder barrel 6 into two
chambers, namely a bottom chamber 16 at the cylinder
base 12 side of the piston 8 and a piston rod side chamber
18 at the cylinder head 14 side of the piston 8. In con-
ventional fashion the piston 8 is provided with sliding rings
and seals (not shown). The piston rod 10 is provided with
an actuator load connector 19, for connecting the moving
piston rod 10 with the load that is to be moved by oper-
ation of the linear hydraulic actuator 2.

[0025] In this embodiment the hydraulic charging and
driving system 4 comprises an accumulator assembly
20, a motor assembly 22, a three-position selector valve
24, and an optional emergency assembly 26.

[0026] In this embodiment a hydraulic circuit 28 hy-
draulically couples the above described elements as fol-
lows: the accumulator assembly 20 is hydraulically cou-
pled to the motor assembly and the three-position selec-
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tor valve 24. The motor assembly 22 is further coupled
to the three-position selector valve 24. The three-position
selector valve 24 is further coupled to the emergency
assembly 26 and the linear hydraulic actuator 2. The
emergency assembly 26 is further coupled to the linear
hydraulic actuator 2.

[0027] In this embodiment the accumulator assembly
20 comprises an accumulator cylinder 30 and a bellows
32. The bellows 32 is provided within the accumulator
cylinder 30. The accumulator assembly 20 is further pro-
vided with a pressure switch (not shown).

[0028] Inthisembodimentthe motorassembly 22 com-
prises a motor assembly cylinder 34. A floating piston 36
is provided within the motor assembly cylinder 34. The
floating piston 36 is arranged to be able to move back
and forth along the motor assembly cylinder 34. The float-
ing piston 36 divides the inside of the motor assembly
cylinder 34 into two chambers, namely a charging cham-
ber 38 and an air chamber 40. In conventional fashion
the piston 8 is provided with sliding rings and seals (not
shown). The motor assembly further comprises a motor
and alead screw 44 coupled to the motor42. In operation,
as will be described in more detail later below, at certain
stages of operation the motor 42 drives the lead screw
44 in an inward direction inside the motor assembly cyl-
inder 34 to push the floating piston 36 along the inside
of the motor assembly cylinder 34 (thereby reducing the
volume of the charging chamber 38), and at certain other
stages of operation the motor 42 retracts the lead screw
44 in an outward direction inside the motor assembly
cylinder 34 to thereby leave the floating piston 36 in float-
ing mode. The motor assembly 22 is further provided with
two pre-set retract switches, namely a first retract switch
82 atafirstretract position 83, and a second retract switch
84 at a second retract position 85. As will be described
in further detail later below, the two retract switches with
their respective differing retract positions provide for the
end of the led screw 44 and consequently the position of
the floating piston 36 to have two available floating posi-
tions each of which is used at different stages of operation
when the charging chamber 38 is to be filled, thereby
providing two different volumes of hydraulic liquid in the
charging chamber 38, one of which is used when setting
the hydraulic actuator system 1 in a ready-to-retract sta-
tus, and the other one of which is used when setting the
hydraulic actuator system 1 in a ready-to-extend status,
thereby accommodating the difference in volume be-
tween the maximum volume of the bottom chamber 16
of the cylinder barrel 6 and the maximum volume of the
piston rod side chamber 18 of the cylinder barrel 6.
[0029] In this embodiment the three-position selector
valve 24, provides links (or blocks the potential links) be-
tween lengths of the hydraulic circuit 28 so as to hydrau-
lically connect (or block connection of) the accumulator
cylinder 30 or the charging chamber 38 to the bottom
chamber 16 of the cylinder barrel 6 or the piston rod side
chamber 18 of the cylinder barrel 6.

[0030] In more detall, in this embodiment the three-
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position selector valve 24 is adjustable between three
positions, namely a first open position 50, a closed posi-
tion 52, and a second open position 54. When the three-
position selector valve 24 is in the first open position 50,
the accumulator cylinder 30 is connected to the bottom
chamber 16 of the cylinder barrel 6, and the charging
chamber 38 is connected to the piston rod side chamber
18 of the cylinder barrel 6. When, instead, the three-po-
sition selector valve 24 is in the closed position 52, there
is no connection between the accumulator cylinder 30
and either of the bottom chamber 16 of the cylinder barrel
6 or the piston rod side chamber 18 of the cylinder barrel
6, and also there is no connection between the charging
chamber 38 and either of the bottom chamber 16 of the
cylinder barrel 6 or the piston rod side chamber 18 of the
cylinder barrel 6. When, instead, the three-position se-
lector valve 24 is in the second open position 54, the
accumulator cylinder 30 is connected to the piston rod
side chamber 18 of the of the cylinder barrel 6, and the
charging chamber 38 is connected to the bottom cham-
ber 16 of the cylinder barrel 6. It is noted that in Figure 1
the three-position selector valve 24 is in the closed po-
sition 52.

[0031] Inthis embodiment the optional emergency as-
sembly 26 comprises an accumulator cylinder 60 and a
bellows 64, for convenience termed herein an emergency
cylinder 60 and an emergency bellows 64, respectively.
The emergency assembly 26 is hydraulically coupled to
the hydraulic circuit 28 via an emergency extend valve
66. When the emergency assembly 26 is in standby mode
(as is the case in Figure 1 and also later Figures 3-9),
the emergency bellows 64 is compressed, with the emer-
gency cylinder 60 therefore at its maximum volume and
full of hydraulic fluid available for insertion into the linear
hydraulic actuator 2 in the event of failure of the main
operation of the hydraulic actuator system 1, as will be
described later below with reference to Figure 10.
[0032] Details of certain further connections provided
by the hydraulic circuit 28 are as follows. The hydraulic
circuit 28 further connects the accumulator cylinder 30
to the charging chamber 38 via a first shuttle valve 70.
Also, the hydraulic circuit 28 further connects the bottom
chamber 16 of the cylinder barrel 6 to the emergency
extend valve 66 of the emergency assembly 26 via a
second shuttle valve 72.

[0033] Operation of the hydraulic actuator system 1 of
this embodiment will now be described with reference to
Figures 1 to 10. Figure 2 is a process flowchart showing
certain steps of a cyclic method of actuation using the
hydraulic actuator system 1. Figure 1 and Figures 3 to 9
show the hydraulic actuator system 1 at respective stag-
es of the method of Figure 2. Figure 10 shows the hy-
draulic actuator system 1 when an optional emergency
actuation process is carried out using the above de-
scribed optional emergency assembly 26.

[0034] For convenience the process will be described
by starting from the condition that is shown for the hy-
draulic actuator system 1 in Figure 1. However, it will be
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appreciated that the cyclic process may equally in fact
be considered as starting at any of the stages to be de-
scribed below, i.e. starting from any of the conditions that
are shown for the hydraulic actuator system 1 in any of
Figure 1 or Figures 3 to 9.

[0035] At step s2, and as shown in Figure 1, the hy-
draulic actuator system 1 is in a retracted state ready for
extension (i.e. ready to extend the piston rod 10). In this
state, the bottom chamber 16 of the cylinder barrel 6 is
in its lowest volume state, and the bellows 32 of the ac-
cumulator assembly 20 are at their minimum extension,
hence the accumulator cylinder 30 is in its largest volume
state. The three position valve 24 is in the earlier de-
scribed closed position 52. The lead screw 44 is in one
of its retracted positions, more particularly the first retract
position 83, i.e. the lead screw 44 has previously been
moved in an outward direction inside the motor assembly
cylinder 34 until movement was stopped by the first re-
tract switch 82 due to the end of the lead screw 44 reach-
ing the first retract position 83, to thereby leave the float-
ing piston 36 in floating mode.

[0036] At step s4, the three position valve 24 is moved
to the earlier described first open position 50. Conse-
quently the bellows 32 of the accumulator assembly 20
extend and hydraulic fluid flows in the hydraulic circuit
28 with a net effect of flowing from the accumulator cyl-
inder 30 via the three position valve 24 to the bottom
chamber 16 of the cylinder barrel 6, and from the piston
rod side 18 of the cylinder barrel 6 via the three position
valve 24 to the charging chamber 38 of the accumulator
assembly 20. As a result, the piston rod 10 of the linear
hydraulic actuator 2 extends, and also the floating piston
36 of the accumulator assembly 20 is repositioned at the
end of the retracted lead screw 44, i.e. at the first retract
position 83. In overview, step s4 may be summarised as
the three position valve 24 being moved to an extend
position (the first open position 50) thereby leading to
extension of the actuator under charge pressure. The
resulting state of the hydraulic actuator system 1 is shown
in Figure 3.

[0037] Atstep s6, the three position valve 24 is moved
to the earlier described closed position 50. In overview,
step s6 may be summarised as the three position valve
24 being reset to neutral position. The resulting state of
the hydraulic actuator system 1 is shown in Figure 4.
[0038] At step s8, the motor 42 of the accumulator as-
sembly 20 is used to drive the lead screw 44 in an inward
direction into the motor assembly cylinder 34, thereby
pushing the floating piston 36 against the hydraulic fluid
in the motor assembly cylinder 34 thereby transferring
the hydraulic fluid in the motor assembly cylinder 34 into
the accumulator cylinder 30 via the shuttle valve 70 (this
fluid compressing the bellows 32) thereby recharging the
accumulator cylinder 30. When the hydraulic pressure in
the accumulator cylinder 30 has reached a pre-deter-
mined level, the pressure switch (not shown) of the ac-
cumulator cylinder 30 signals the motor 42 to stop driving
the lead screw in the inward direction (and instead, to
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thereafter commence the retreat motion described below
as part of step s10). The motor 42 may be a relatively
small motor i.e. of relatively low power, and this recharg-
ing process may take place relatively slowly, over a rel-
atively large time period, for example taking longer than
one minute, even for example taking longer than three
minutes. In particular, this recharge time period may be
significantly longer than the time taken for the actuator
to extend in the course of above described step s4, which
may only, for example, take less than thirty seconds, or
may even take less than ten seconds (and likewise com-
pared to the time for the actuator retraction step s12 de-
scribed later below). In overview, step s8 may be sum-
marised as performing relatively slow accumulator re-
charge using a relatively low powered motor. (However,
in other embodiments, a larger powered motor may be
used, and accumulator recharge may be performed more
quickly). The resulting state of the hydraulic actuator sys-
tem 1 is shown in Figure 5.

[0039] Atsteps10,the motor42retracts the lead screw
44 in an outward direction inside the motor assembly
cylinder 34 until the second retract switch 84 stops the
retraction of the lead screw 44 when the end of the lead
screw 44 reaches the second retract position 85, to there-
by leave the floating piston 36 in floating mode. Accord-
ingly, the hydraulic actuator system 1 is put in in a state
that is ready for retraction of the actuator i.e. ready for
retraction of the piston rod 10. In overview, step s10 may
be summarised as resetting the lead screw 44 thereby
making the hydraulic actuator system ready for retrac-
tion. The resulting "ready for retraction" state of the hy-
draulic actuator system 1 is shown in Figure 6.

[0040] Atsteps12,the three position valve 24 is moved
to the earlier described second open position 54. Con-
sequently the bellows 32 of the accumulator assembly
20 extend and hydraulic fluid flows in the hydraulic circuit
28 with a net effect of flowing from the accumulator cyl-
inder 30 via the three position valve 24 to the piston rod
side 18 ofthe cylinder barrel 6, and from the bottom cham-
ber 16 of the cylinder barrel 6 via the three position valve
24 to the charging chamber 38 of the accumulator as-
sembly 20. As a result, the piston rod 10 of the linear
hydraulic actuator 2 retracts, and also the floating piston
36 of the accumulator assembly 20 is repositioned at the
end of the retracted lead screw 44, i.e. at the second
retract position 85. In overview, step s12 may be sum-
marised as the three position valve 24 being moved to a
retract position (the second open position 54) thereby
leading to retraction of the actuator under charge pres-
sure. The resulting state of the hydraulic actuator system
1 is shown in Figure 7.

[0041] Atsteps14,the three position valve 24 is moved
to the earlier described closed position 50. In overview,
step s14 may be summarised as the three position valve
24 being reset to neutral position. The resulting state of
the hydraulic actuator system 1 is shown in Figure 8.
[0042] At step s16, the motor 42 of the accumulator
assembly 20 is used to drive the lead screw 44 in an
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inward direction into the motor assembly cylinder 34,
thereby pushing the floating piston 36 against the hy-
draulic fluid in the motor assembly cylinder 34 thereby
transferring the hydraulic fluid in the motor assembly cyl-
inder 34 into the accumulator cylinder 30 via the shuttle
valve 70 (this fluid compressing the bellows 32) thereby
recharging the accumulator cylinder 30. As stated above,
the motor 42 may be a relatively small motor i.e. of rela-
tively low power, and this recharging process may take
place relatively slowly, over a relatively large time period,
for example taking longer than one minute, even for ex-
ample taking longer than three minutes. In particular, this
recharge time period may be significantly longer than the
time taken for the actuator to extend in the course of
above described step s4, which may only, for example,
take less than thirty seconds, or may even take less than
ten seconds and likewise compared to the time for the
actuator retraction step s12 also described above). In
overview, step s16 may be summarised as performing
relatively slow accumulator recharge using a relatively
low powered motor. (However, as stated above, in other
embodiments, a larger powered motor may be used, and
accumulator recharge may be performed more quickly).
The resulting state of the hydraulic actuator system 1 is
shown in Figure 9.

[0043] Atsteps18,the motor42retractsthelead screw
44 in an outward direction inside the motor assembly
cylinder 34 until the first retract switch 82 stops the re-
traction of the lead screw 44 when the end of the led
screw 44 reaches firstretract position 83, to thereby leave
the floating piston 36 in floating mode. Accordingly, the
hydraulic actuator system 1 is put in in a state that is
ready for extension of the actuatori.e. ready for extension
of the piston rod 10. In overview, step s18 may be sum-
marised as resetting the lead screw 44 thereby making
the hydraulic actuator system ready for extension. The
resulting "ready for extension" state of the hydraulic ac-
tuator system 1 is the same state as described at step
s2 and already shown in Figure 1, i.e. the hydraulic ac-
tuator system 1 is back at the Figure 1 state of its cyclic
operational capability, and accordingly any or all of steps
s4 to s18 may be repeated if desired.

[0044] As mentioned above, in this embodimentan op-
tional emergency actuation process is provided using the
above described optional emergency assembly 26, as
described in the following paragraph. However, this need
not be the case, and in other embodiments the optional
emergency assembly is not included in the hydraulic ac-
tuator system 1. In yet further embodiments, an emer-
gency assembly is provided, however it is of a different
arrangement to that described below.

[0045] Figure 10 shows the hydraulic actuator system
1 implementing the optional emergency assembly 26 in
order to carry out an emergency extension of the actua-
tor. The emergency extend valve 66 is activated to allow
the emergency bellows 64 to expand thereby pushing
the hydraulic fluid in the emergency cylinder 60 from the
emergency cylinder 60 into the bottom chamber 16 of



9 EP 3 045 736 A1 10

the cylinder barrel 6. As a result, the piston rod 10 of the
linear hydraulic actuator 2 extends.

[0046] Figure 11 is a schematic illustration (not to
scale) of a further embodiment of a hydraulic actuator
system 101.

[0047] In this embodiment the hydraulic actuator sys-
tem 101 comprises a linear hydraulic actuator 2 that is
hydraulically coupled to a hydraulic charging and driving
system 4 adapted to hydraulically charge the linear hy-
draulic actuator 2.

[0048] Inthis embodimentthe linear hydraulic actuator
2 comprises a cylinder barrel 6, a piston (which may also
be termed an actuator valve) 8, and a piston rod 10 at-
tached to the piston 8. The piston is arranged to be able
to move back and forth along the cylinder barrel 6. The
cylinder barrel 6 is closed at one end by a cylinder base
(which may also be termed cap) 12. The cylinder barrel
6 is closed at its other end by a cylinder head 14 where
the piston rod 10 comes out of the cylinder barrel 6. The
piston 8 divides the inside of the cylinder barrel 6 into two
chambers, namely a bottom chamber 16 at the cylinder
base 12 side of the piston 8 and a piston rod side chamber
18 at the cylinder head 14 side of the piston 8. In con-
ventional fashion the piston 8 is provided with sliding rings
and seals (not shown). The piston rod 10 is provided with
an actuator load connector 19, for connecting the moving
piston rod 10 with the load that is to be moved by oper-
ation of the linear hydraulic actuator 2.

[0049] In this embodiment the hydraulic charging and
driving system 4 comprises an accumulator assembly
20, a motor assembly 22, a three-position selector valve
24, and an optional emergency assembly 26.

[0050] In this embodiment a hydraulic circuit 28 hy-
draulically couples the above described elements as fol-
lows: the accumulator assembly 20 is hydraulically cou-
pled tothe motor assembly 22, the three-position selector
valve 24, and the optional emergency assembly 26. The
motor assembly 22 is further coupled to the three-position
selector valve 24 and the optional emergency assembly
26. The three-position selector valve 24 is further coupled
to the emergency assembly 26 and the linear hydraulic
actuator 2. The emergency assembly 26 is further cou-
pled to the linear hydraulic actuator 2.

[0051] In this embodiment the accumulator assembly
20 comprises an accumulator cylinder 30 and a bellows
32. The bellows 32 is provided within the accumulator
cylinder 30. The accumulator assembly 20 is further pro-
vided with a pressure switch (not shown).

[0052] Inthis embodimentthe motorassembly 22 com-
prises a motor assembly cylinder 34. A floating piston 36
is provided within the motor assembly cylinder 34. The
floating piston 36 is arranged to be able to move back
and forth along the motor assembly cylinder 34. The float-
ing piston 36 divides the inside of the motor assembly
cylinder 34 into two chambers, namely a charging cham-
ber 38 and an air chamber 40. In conventional fashion
the piston 8 is provided with sliding rings and seals (not
shown). The motor assembly further comprises a motor
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and alead screw 44 coupled to the motor42. In operation,
as will be described in more detail later below, at certain
stages of operation the motor 42 drives the lead screw
44 in an inward direction inside the motor assembly cyl-
inder 34 to push the floating piston 36 along the inside
of the motor assembly cylinder 34 (thereby reducing the
volume of the charging chamber 38), and at certain other
stages of operation the motor 42 retracts the lead screw
44 in an outward direction inside the motor assembly
cylinder 34 to thereby leave the floating piston 36 in float-
ing mode. The motor assembly 22 is further provided with
two pre-set retract switches, namely a first retract switch
82 atafirstretract position 83, and a second retract switch
84 at a second retract position 85. As will be described
in further detail later below, the two retract switches with
their respective differing retract positions provide for the
end of the led screw 44 and consequently the position of
the floating piston 36 to have two available floating posi-
tions each of which is used at different stages of operation
when the charging chamber 38 is to be filled, thereby
providing two different volumes of hydraulic liquid in the
charging chamber 38, one of which is used when setting
the hydraulic actuator system 101 in a ready-to-retract
status, and the other one of which is used when setting
the hydraulic actuator system 101 in a ready-to-extend
status, thereby accommodating the difference in volume
between the maximum volume of the bottom chamber
16 of the cylinder barrel 6 and the maximum volume of
the piston rod side chamber 18 of the cylinder barrel 6.

[0053] In this embodiment the three-position selector
valve 24, provides links (or blocks the potential links) be-
tween lengths of the hydraulic circuit 28 so as to hydrau-
lically connect (or block connection of) the accumulator
cylinder 30 or the charging chamber 38 to the bottom
chamber 16 of the cylinder barrel 6 or the piston rod side
chamber 18 of the cylinder barrel 6.

[0054] In more detall, in this embodiment the three-
position selector valve 24 is adjustable between three
positions, namely a first open position 50, a closed posi-
tion 52, and a second open position 54. When the three-
position selector valve 24 is in the first open position 50,
the accumulator cylinder 30 is connected to both the bot-
tom chamber 16 of the cylinder barrel 6 and to the piston
rod side chamber 18 of the cylinder barrel 6. When, in-
stead, the three-position selector valve 24 is in the closed
position 52, there is no connection between the bottom
chamber 16 of the cylinder barrel 6 and either of the ac-
cumulator cylinder 30 and the charging chamber 38, and
also there is no connection between the piston rod side
chamber 18 of the cylinder barrel 6 and either of the ac-
cumulator cylinder 30 and the charging chamber 38.
When, instead, the three-position selector valve 24 is in
the second open position 54, the accumulator cylinder
30 is connected to the piston rod side chamber 18 of the
of the cylinder barrel 6, and the charging chamber 38 is
connected to the bottom chamber 16 of the cylinder barrel
6. Itis noted that in Figure 11 the three-position selector
valve 24 is in the closed position 52.
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[0055] In this embodiment the optional emergency as-
sembly 26 comprises an accumulator cylinder 60 and a
bellows 64, for convenience termed herein an emergency
cylinder 60 and an emergency bellows 64, respectively.
The emergency bellows 64 is provided within the emer-
gency accumulator cylinder 60. The optional emergency
assembly 26 is further provided with a pressure switch
(not shown).

[0056] The emergency assembly 26 is hydraulically
coupled to the hydraulic circuit 28 via an emergency ex-
tend valve 66 and via an emergency charge valve 80.
When the emergency assembly 26 is in standby mode
(asis the case in Figure 11 and also later Figures 13-18),
the emergency bellows 64 is compressed, with the emer-
gency accumulator cylinder 60 therefore at its maximum
volume and full of hydraulic fluid available for insertion
into the linear hydraulic actuator 2 in the event of failure
of the main operation of the hydraulic actuator system
101, as will be described later below with reference to
Figures 19 and 20.

[0057] Details of certain further connections provided
by the hydraulic circuit 28 are as follows. The hydraulic
circuit 28 further connects the accumulator cylinder 30
to the charging chamber 38 via a first shuttle valve 70.
Also, the hydraulic circuit 28 further connects the bottom
chamber 16 of the cylinder barrel 6 to the emergency
extend valve 66 of the emergency assembly 26 via a
second shuttle valve 72. Also, the hydraulic circuit 28
further connects the piston rod side chamber 18 of the
cylinder barrel 6 to the emergency extend valve 66 of the
emergency assembly 26 via a third shuttle valve 73.
[0058] Operation of the hydraulic actuator system 101
of this embodiment will now be described with reference
to Figures 1110 20. Figure 12is a process flowchart show-
ing certain steps of a cyclic method of actuation using
the hydraulic actuator system 101. Figure 11 and Figures
13 to 18 show the hydraulic actuator system 101 at re-
spective stages of the method of Figure 12. Figures 19
and 20 show the hydraulic actuator system 101 when an
optional emergency actuation process is carried out us-
ing the above described optional emergency assembly
26.

[0059] For convenience the process will be described
by starting from the condition that is shown for the hy-
draulic actuator system 101 in Figure 11. However, it will
be appreciated that the cyclic process may equally in fact
be considered as starting at any of the stages to be de-
scribed below, i.e. starting from any of the conditions that
are shown for the hydraulic actuator system 101 in any
of Figure 11 or Figures 13 to 19.

[0060] At step s102, and as shown in Figure 11, the
hydraulic actuator system 101 isin a retracted state ready
for extension (i.e. ready to extend the piston rod 10). In
this state, the bottom chamber 16 of the cylinder barrel
6 is in its lowest volume state, and the bellows 32 of the
accumulator assembly 20 are at their minimum exten-
sion, hence the accumulator cylinder 30 is in its largest
volume state. The three position valve 24 is in the earlier
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described closed position 52. The lead screw 44 isinone
of its retracted positions, more particularly the first retract
position 83, i.e. the lead screw 44 has previously been
moved in an outward direction inside the motor assembly
cylinder 34 until movement was stopped by the first re-
tract switch 82 due to the end of the lead screw 44 reach-
ing the first retract position 83, to thereby leave the float-
ing piston 36 in floating mode.

[0061] At step s104, the three position valve 24 is
moved to the earlier described first open position 50. Con-
sequently the bellows 32 of the accumulator assembly
20 extend and hydraulic fluid flows in the hydraulic circuit
28 with a net effect of flowing from the accumulator cyl-
inder 30 via the three position valve 24 to the bottom
chamber 16 of the cylinder barrel 6, and, in this embod-
iment, additionally also from the piston rod side 18 of the
cylinder barrel 6 via the three position valve 24 to the
bottom chamber 16 of the cylinder barrel 6. As a result,
the piston rod 10 of the linear hydraulic actuator 2 ex-
tends, and in this embodiment during this step position
of the floating piston 36 of the accumulator assembly 20
remains at the end of the retracted lead screw 44, i.e. at
the first retract position 83. In overview, step s104 may
be summarised as the three position valve 24 being
moved to an extend position (the first open position 50)
thereby leading to extension of the actuator under charge
pressure. The resulting state of the hydraulic actuator
system 101 is shown in Figure 13.

[0062] At step s106, the three position valve 24 is
moved to the earlier described closed position 50. Inover-
view, step s106 may be summarised as the three position
valve 24 being reset to neutral position. The resulting
state of the hydraulic actuator system 101 is shown in
Figure 14.

[0063] At step s108, the motor 42 of the accumulator
assembly 20 is used to drive the lead screw 44 in an
inward direction into the motor assembly cylinder 34,
thereby pushing the floating piston 36 against the hy-
draulic fluid in the motor assembly cylinder 34 thereby
transferring the hydraulic fluid in the motor assembly cyl-
inder 34 into the accumulator cylinder 30 via the first shut-
tle valve 70 (this fluid compressing the bellows 32) there-
by recharging the accumulator cylinder 30. When the hy-
draulic pressure in the accumulator cylinder 30 has
reached a pre-determined level, the pressure switch (not
shown) of the accumulator cylinder 30 signals the motor
42 to stop driving the lead screw in the inward direction
(and instead, to thereafter commence the retreat motion
described below as part of step s110). The motor 42 may
be a relatively small motor i.e. of relatively low power,
and this recharging process may take place relatively
slowly, over a relatively large time period, for example
taking longer than one minute, even for example taking
longer than three minutes. In particular, this recharge
time period may be significantly longer than the time tak-
en for the actuator to extend in the course of above de-
scribed step s104, which may only, for example, take
less than thirty seconds, or may even take less than ten
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seconds (and likewise compared to the time for the ac-
tuator retraction step s112 described later below). In
overview, step s108 may be summarised as performing
relatively slow accumulator recharge using a relatively
low powered motor. (However, in other embodiments, a
larger powered motor may be used, and accumulator re-
charge may be performed more quickly). The resulting
state of the hydraulic actuator system 101 is shown in
Figure 15.

[0064] At step s110, the motor 42 retracts the lead
screw 44 in an outward direction inside the motor assem-
bly cylinder 34 until the second retract switch 84 stops
the retraction of the lead screw 44 when the end of the
lead screw 44 reaches the second retract position 85, to
thereby leave the floating piston 36 in floating mode. Ac-
cordingly, the hydraulic actuator system 101 is put in in
a state thatis ready for retraction of the actuator i.e. ready
for retraction of the piston rod 10. In overview, step s110
may be summarised as resetting the lead screw 44 there-
by making the hydraulic actuator system 101 ready for
retraction. The resulting "ready for retraction" state of the
hydraulic actuator system 101 is shown in Figure 16.
[0065] At step s112, the three position valve 24 is
moved to the earlier described second open position 54.
Consequently the bellows 32 of the accumulator assem-
bly 20 extend and hydraulic fluid flows in the hydraulic
circuit 28 with a net effect of flowing from the accumulator
cylinder 30 via the three position valve 24 to the piston
rod side 18 of the cylinder barrel 6, and from the bottom
chamber 16 of the cylinder barrel 6 via the three position
valve 24 to the charging chamber 38 of the accumulator
assembly 20. As a result, the piston rod 10 of the linear
hydraulic actuator 2 retracts, and also the floating piston
36 of the accumulator assembly 20 is repositioned at the
end of the retracted lead screw 44, i.e. at the second
retract position 85. In overview, step s112 may be sum-
marised as the three position valve 24 being moved to a
retract position (the second open position 54) thereby
leading to retraction of the actuator under charge pres-
sure. The resulting state of the hydraulic actuator system
101 is shown in Figure 17.

[0066] At step s114, the three position valve 24 is
moved to the earlier described closed position 50. In over-
view, step s114 may be summarised as the three position
valve 24 being reset to neutral position. The resulting
state of the hydraulic actuator system 101 is shown in
Figure 108.

[0067] At step s116, the motor 42 of the accumulator
assembly 20 is used to drive the lead screw 44 in an
inward direction into the motor assembly cylinder 34,
thereby pushing the floating piston 36 against the hy-
draulic fluid in the motor assembly cylinder 34 thereby
transferring the hydraulic fluid in the motor assembly cyl-
inder 34 into the accumulator cylinder 30 via the first shut-
tle valve 70 (this fluid compressing the bellows 32) there-
by recharging the accumulator cylinder 30. As stated
above, the motor 42 may be a relatively small motor i.e.
of relatively low power, and this recharging process may
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take place relatively slowly, over a relatively large time
period, for example taking longer than one minute, even
for example taking longer than three minutes. In partic-
ular, this recharge time period may be significantly longer
than the time taken for the actuator to extend in the course
of above described step s104, which may only, for ex-
ample, take less than thirty seconds, or may even take
less than ten seconds and likewise compared to the time
for the actuator retraction step s112 also described
above). In overview, step s116 may be summarised as
performing relatively slow accumulator recharge using a
relatively low powered motor. (However, as stated above,
in other embodiments, a larger powered motor may be
used, and accumulator recharge may be performed more
quickly). Furthermore, in this embodiment, as a result of
implementing step 116, the hydraulic actuator system
101 is now in a state that is ready for extension of the
actuator i.e. ready for extension of the piston rod 10. This
"ready for extension" state of the hydraulic actuator sys-
tem 101 is the same state as described at step s102 and
already shown in Figure 11, i.e. the hydraulic actuator
system 101 is back at the Figure 11 state of its cyclic
operational capability, and accordingly any or all of steps
s104 to s116 may be repeated if desired.

[0068] As mentioned above, inthis embodimentan op-
tional emergency actuation process is provided using the
above described optional emergency assembly 26, as
described in the following two paragraphs. However, this
need not be the case, and in other embodiments the op-
tional emergency assembly is notincluded in the hydrau-
lic actuator system 101. In yet further embodiments, an
emergency assembly is provided, however it is of a dif-
ferent arrangement to that described below.

[0069] Figure 19 shows the hydraulic actuator system
101 implementing the optional emergency assembly 26
in order to carry out an emergency extension of the ac-
tuator. The emergency extend valve 66 is activated to
allow the emergency bellows 64 to expand thereby push-
ing the hydraulic fluid in the emergency cylinder 60 from
the emergency cylinder 60 into the bottom chamber 16
of the cylinder barrel 6, flow through the second shuttle
valve 72 taking place due to the additional hydraulic pres-
sure. As a result, the piston rod 10 of the linear hydraulic
actuator 2 extends. An advantage of the above described
hydraulic actuator system 1 is that it further optionally
allows the emergency assembly 26 to be rechargeable
(although this does not need to be the case in other em-
bodiments).

[0070] Figure 20 shows the hydraulic actuator system
101 implementing such an optional recharge of the op-
tional emergency assembly 26 having previously per-
formed the emergency extend process described in the
preceding paragraph. The emergency extend valve 66
is returned to closed position, and the emergency charge
valve 80 is opened. Then, in a process step analogous
to step s108 described earlier above, the motor 42 of the
accumulator assembly 20 is used to drive the lead screw
44 in aninward direction into the motor assembly cylinder
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34, thereby pushing the floating piston 36 against the
hydraulic fluid in the motor assembly cylinder 34 thereby
transferring the hydraulic fluid in the motor assembly cyl-
inder 34 into the emergency cylinder 60 via the first shut-
tle valve 70 and the now open emergency charge valve
80 (this fluid compressing the emergency bellows 64)
thereby recharging the emergency cylinder 60. When the
hydraulic pressure in the accumulator cylinder 30 has
reached a pre-determined level, the pressure switch (not
shown) of the emergency cylinder 60 signals the motor
42 to stop driving the lead screw in the inward direction.
The resulting state of the hydraulic actuator system 101
is shown in Figure 15. Thereafter, the charge valve 80 is
returned to closed position, leaving the hydraulic actuator
system 101 in the same state as that at the end of step
s108 as described above i.e. in the same state as that
shown in Figure 15.

[0071] An advantage of the above described embodi-
ments is that, whilst nevertheless only requiring relatively
low powered motors (due to the approach of charging
the accumulator over a time span greater than the oper-
ating time of the actuator), single modular hydraulic ac-
tuators can be provided, rather than one large overall
hydraulic circuit, and thus servicing or replacement of
individual actuators can be reduced in complexity due to
avoiding or alleviating the need to to bleed, flush and
replenish the whole hydraulic circuit. Furthermore, the
aspect of charging the accumulator over a time span
greater than the operating time of the actuator is accept-
able for many applications, for example deployment of
landing gear where an "up" request would not normally
be followed by a "down request" and vice versa, aircraft
door opening/closing, and so on. As mentioned above,
further particular advantages that tend to be provided by
the embodiment shown in Figure 11 include the possi-
bility of providing a rechargeable emergency operation
system. Another advantage that tends to be provided by
the embodiment shown in Figure 11 is that the volume
requirement of the accumulator cylinder 30 is reduced
by the way the extend command is ported having been
changed (compared, as it were, to the embodiment
shown in Figure 1). By directing pressure to both sides
of the piston on extend, the resultant force is proportional
to the difference in the piston’s area from the piston rod
side to the extend side. Consequently, the force upon
extend is reduced but is more in line with the retract ca-
pability. In comparison, the embodiment of Figure 1 uses
a larger accumulator to develop maximum extend thrust
and needs a larger accumulator volume to achieve this.
[0072] It will be appreciated that in other embodiments
details of individual elements of the above described ar-
rangements may be replaced by alternative elements
providing equivalent effects. For example, one or more
of the various bellows described in the above embodi-
ments may be replaced by alternative compression
and/or energy storing means and/or pressure exerting
means and/or hydraulic fluid flow control means, for ex-
ample springs. Where appropriate, additional pistons
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and the like may be used in association with such alter-
native means. Also, in other embodiments, elements
such as pistons and so on may be omitted if the use of
one or more alternative compression and/or energy stor-
ing means and/or pressure exerting means and/or hy-
draulic fluid flow control means renders one or more ex-
isting pistons and so on redundant or less desirable. Sim-
ilarly, in other embodiments, one or more of the above
described valves, and/or pressure switches and/or posi-
tion switches may be omitted or modified with either re-
sulting diminished performance or efficiency, or in other
cases, no diminution of performance, for example if al-
ternative elements and arrangements are provided. Also,
any cylinders may be replaced by alternative shaped
chambers. In yet further embodiments, the details of the
linear hydraulic actuator may be changed, by use of other
forms of hydraulic actuator that nevertheless benefit from
the remaining details of the above described embodi-
ments of hydraulic actuator systems. In yet further em-
bodiments, alternative switching arrangements are pro-
vided instead of the particular three position selector
valve apparatus and arrangements used by way of ex-
ample inthe above described embodiments. Inyet further
embodiments, different forms of the motor assembly 22
are provided compared to those described in the above
embodiments. For example, different forms of motor
and/or lead screw, or equivalent elements, may be pro-
vided. Also, other details, including for example the use
of a floating piston, may be varied, by the use of other
arrangements that provide the same or at least suitably
equivalent effect or capability.

Claims

1. A hydraulic charging and driving system (4) for ex-
tending and retracting a hydraulic actuator (2), com-
prising:

a motor assembly (22); and

an accumulator assembly (20), the motor as-
sembly (22) and the accumulator assembly (20)
being hydraulically coupled to each other;
wherein the motor assembly (22) is arranged to
recharge the accumulator assembly (20) with
hydraulic fluid at a relatively slow rate that is
slower than the rate at which the accumulator
assembly (20) is arranged to discharge when
actuating the hydraulic actuator (2).

2. The system according to claim 1, further comprising
a selector valve (24).

3. The system according to claim 1 or claim 2, wherein
the accumulator assembly (20) comprises an accu-
mulator chamber (30), and a compression means
(32) provided within the accumulator chamber (30).
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A system according to any of claims 1 to 3, wherein
the motor assembly (22) comprises a motor (42) ar-
ranged to vary a volume of a hydraulic charging
chamber (38) of the motor assembly (22).

A system according to any of claims 2 to 4, further
comprising a hydraulic actuator (2) comprising a bot-
tom chamber (16) and a piston-side chamber (18);
wherein the accumulator assembly (20) is hydrauli-
cally coupled to the bottom chamber (16) via a first
setting of the selector valve (24) to provide extension
of the hydraulic actuator (2).

A system according to claim 5, wherein the accumu-
lator assembly (20) is further hydraulically coupled
to the piston-side chamber (18), in addition to being
hydraulically coupled to the bottom chamber (16),
via the first setting of the selector valve (24) to pro-
vide extension of the hydraulic actuator (2).

A system according to claim 5 or claim 6, wherein
the piston-side chamber (18) is hydraulically coupled
to the motor assembly (22) via a further setting of
the selector valve (24) to provide retraction of the
hydraulic actuator (2).

A system according to any of claims 1 to 7, further
comprising an emergency assembly (26) arranged
to provide at least emergency extension of the hy-
draulic actuator (2).

Amethod of operating a hydraulic system comprising
a hydraulic actuator (2), a selector valve (24), and a
motor assembly (22) and an accumulator assembly
(20) hydraulically coupled in a hydraulic circuit (28);
the method comprising:

hydraulically extending the hydraulic actuator
(2);

thereafter, recharging the accumulator assem-
bly (20) with hydraulic fluid via the hydraulic cir-
cuit (28) at a relatively slow recharge rate such
that the recharge takes longer than the time tak-
en to extend the hydraulic actuator (2).

A method according to claim 9, wherein the step of
recharging the accumulator assembly (20) with hy-
draulic fluid is performed by a motor (42) of the motor
assembly (22) varying a volume of a hydraulic charg-
ing chamber (38) of the motor assembly (22).

A method according to claim 9 or claim 10, wherein
the step of hydraulically extending the hydraulic ac-
tuator (2) is performed by hydraulically coupling the
accumulator assembly (20) to a bottom chamber (16)
of the hydraulic actuator (2) by setting the selector
valve (24) to a first setting.
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12. A method according to claim 11, wherein the step of

hydraulically extending the hydraulic actuator (2) is
performed by, in addition to hydraulically coupling
the accumulator assembly (20) to a bottom chamber
(16) of the hydraulic actuator (2), also hydraulically
coupling the accumulator assembly (20) to the pis-
ton-side chamber (18), by setting the selector valve
(24) to the first setting.

13. A method according to any of claims 9 to 12, the

method further comprising hydraulically retracting
the hydraulic actuator (2).

14. A method according to claim 14, the method further

comprising, after hydraulically retracting the hydrau-
lic actuator (2), recharging the accumulator assem-
bly (20) with hydraulic fluid via the hydraulic circuit
(28) at a relatively slow recharge rate such that the
recharge takes longer than the time taken to retract
the hydraulic actuator (2).

15. A method according to any of claims 9 to 14, the

method further comprising performing at least an
emergency extension of the hydraulic actuator (2).
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Fig. 2
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Fig. 12
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