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(54) THRUST REVERSER ACTUATION SYSTEM

(57) A thrust reverser actuation system 100 for a jet
propulsion engine for a vehicle, the thrust reverser actu-
ation system 100 comprising: a plurality of hydraulical-
ly-driven thrust reverser actuators 150 for actuating one
or more thrust reverser components 2 of the jet propul-
sion engine, each actuator 150 comprising: a hydraulic
circuit 160; and a bi-directional electrically-driven pump
190 configured to pump hydraulic fluid through the hy-
draulic circuit 160, wherein the hydraulic circuit 160 and
the pump 190 are configured such that the direction of
the pump 190 dictates the direction of the actuation of
the actuator 150.
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Description

[0001] The present invention relates to a thrust revers-
er actuation system for a jet propulsion engine for a ve-
hicle, particularly for an aircraft.
[0002] There are two main types of conventional thrust
reverser actuation systems.
[0003] The first type is a hydraulic system. Conven-
tional hydraulic systems are powered by the aircraft’s
main hydraulic circuit. The main hydraulic circuit is at a
very high pressure (e.g. 3000-5000 psi (21-35 MPa))
since it is required to power components that require sig-
nificant power. However, a thrust reverser actuation sys-
tem does not require such a high power/pressure to ac-
tuate thrust reverser components. Thus, using the main
hydraulic circuit leads to significant power wastage. Also,
the components of the thrust reverser actuation system
are required to be constructed to handle said higher pres-
sures and so are more heavy-duty than required, which
leads to wasted construction costs and weight gains.
[0004] A conventional hydraulic system also compris-
es a complex linkage between the respective actuators
in order to ensure the actuators are synchronised when
they extend and retract, so that they do not exert stresses
on, and hence damage, the thrust reverser component
on which they act. This link can be described as a syn-
chronisation system, and it may be hydraulic or mechan-
ical.
[0005] A typical mechanical synchronisation system
comprises a piston rod of the actuator having a threaded
section and a worm wheel engaged with said thread.
Thus, as the piston moves linearly, the worm wheel ro-
tates. Different worm wheels of different actuators are
mechanically linked, e.g. via a flexishaft. This ties the
movement of all the actuators together. However, it adds
weight to the system and can cause very high damaging
loads to be transferred to the other actuators when one
or more actuators jam.
[0006] An example of a prior hydraulic system is given
in US 4585172.
[0007] The second type is an electronic system. Con-
ventional electronic systems are powered by electrical
motors. There is no hydraulic fluid present causing the
actuation. However, these systems require complex con-
trols. For instance, complex controls are required in order
to accelerate/decelerate the actuators at the end of their
strokes to avoid impacts and damage to the actuators
(which could occur if the piston were forced at high speed
into the end of the cylinder at the end of the stroke re-
peatedly). Further, there are very high inertias present in
the electronic system due to gearings and the electric
motors having high referred inertias. Thus, in order to
prevent damage to the motors and gears during jams or
any other unexpected scenarios, the system must be built
very strongly, which again adds weight and costs.
[0008] The inventors have identified a need to improve
on the current state of the art.
[0009] In a first aspect, there is disclosed a thrust re-

verser actuation system for a jet propulsion engine for a
vehicle, the thrust reverser actuation system comprising
a plurality of hydraulically-driven thrust reverser actua-
tors for actuating one or more thrust reverser compo-
nents of the jet propulsion engine, each actuator com-
prising: a hydraulic circuit; and a bi-directional electrical-
ly-driven pump configured to pump hydraulic fluid
through the hydraulic circuit, wherein the hydraulic circuit
and the pump are configured such that the direction of
the pump dictates the direction of the actuation of the
actuator.
[0010] The present thrust reverser actuation system is
light-weight in comparison to conventional thrust revers-
er actuation systems. In comparison to conventional hy-
draulic thrust reverser actuation systems, due to the use
of bi-directional electrically-driven pumps there is no re-
quirement for a synchronisation system (as is discussed
in more detail below). In comparison to conventional elec-
trical thrust reverser actuation systems, due to the use
of hydraulics there is no requirement for electrical motors
and mechanical connections in the actuator system to
be built very strongly. For these reasons at least, the
present thrust reverser actuation system is light-weight
in comparison to conventional thrust reverser actuation
systems.
[0011] Further, the present thrust reverser actuation
system reduces the flow demand on the vehicle’s hy-
draulic system. In comparison to conventional hydraulic
thrust reverser actuation systems, due to the use of the
pumps in each actuator, the present thrust reverser ac-
tuation system does not require to be powered by the
vehicle’s hydraulic system.
[0012] Further, the present thrust reverser actuation
system is simpler than conventional thrust reverser ac-
tuation systems. Due to each actuator having its own
pump, the control of the system can be greatly simplified
(indeed, the only actively-controlled component of the
entire system may be the pumps, as discussed below)
and there is no requirement for a complex synchronisa-
tion system between the actuators (as discussed in more
detail below).
[0013] Further, the present thrust reverser actuation
system reduces the danger of damage to the respective
actuators. In conventional thrust reverser actuation sys-
tems, where there is a synchronisation system present
synchronising the respective actuators, when one of the
actuators jams the synchronisation system can transfer
large loads between the respective actuators which can
damage the actuators. Since, due to the use of the pumps
in the present thrust reverser actuation system, there
may be no need for such a synchronisation system, such
loads can be avoided.
[0014] Each actuator may comprise a piston and a cyl-
inder. Such an actuator may be referred to as a jack ac-
tuator.
[0015] The cylinder may be configured to be fixed rel-
ative to the engine and the piston may be moveable rel-
ative to the cylinder. Alternatively, the piston may be con-
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figured to be fixed relative to the engine and the cylinder
may be moveable relative to the piston.
[0016] The piston may divide the cylinder into two cav-
ities sealed from one another by the piston. Hydraulic
fluid may be present in both cavities. Both cavities may
be connected to the pump by the hydraulic circuit.
[0017] The piston may comprise a piston head for seal-
ing to the internal wall of the cylinder and a rod extending
from the piston head. The rod may extend through a first
one of said cavities in the cylinder, and then out of the
cylinder, e.g. through a sealed hole in an end of the cyl-
inder. The rod may not extend through a second one of
said cavities. The end of rod distant from the piston head
may be connectable to a thrust reverser component
(when the cylinder is fixed relative to the engine) or to
the engine (in which case the cylinder is connectable to
a thrust reverser component).
[0018] Each actuator may be actuable in a first direc-
tion between a retracted position and an extended posi-
tion and in a second direction between the extended po-
sition and the retracted position. The first and second
directions may be opposite to each other. In the retracted
position, the thrust reverser component may be in its re-
tracted, stowed, non-thrust-reversing position; in the ex-
tended position, the thrust reverser component may be
in its extended, deployed, thrust-reversing position.
[0019] The pump may comprise two ports for hydraulic
fluid. A first port may act as a low pressure inlet when
the pump operates in a first direction and may act as a
high pressure outlet when the pump operates in a second
direction. A second port may act as a low pressure inlet
when the pump operates in the second direction and may
act as a high pressure outlet when the pump operates in
the first direction
[0020] The pump may operate at greater than or less
than 1000, 2000, 3000, 4000 or 5000 rpm, such as
1000-5000 rpm or 2000-4000 rpm. The speed of the
pump may vary depending on the electrical power pro-
vided.
[0021] Substantially all of the pump may be made from
aluminium.
[0022] The vehicle may be an aircraft.
[0023] The hydraulic circuit may comprise a plurality
of fluid lines for passage of hydraulic fluid, such as oil.
The hydraulic circuit may comprise a first line connecting
the first cavity to the first port. The hydraulic circuit may
comprise a second line connecting the second cavity to
the second port. The first line may connect to the first
cavity toward (or substantially at) the end of the cylinder
that is closest to the end of the rod that is connectable
to the thrust reverser component, and the second line
may connect to the first cavity toward (or substantially
at) the other end of the cylinder. Alternatively, the second
line may connect to the first cavity toward (or substantially
at) the end of the cylinder that is closest to the end of the
rod that is connectable to the thrust reverser component,
and the first line may connect to the first cavity toward
(or substantially at) the other end of the cylinder.

[0024] Each actuator may be operated by regenerative
flow of hydraulic fluid, which is pressurised and circulated
by the pump. However, as discussed below, there may
be some make-up fluid needed or spill fluid excess de-
pending on the operation of the actuator.
[0025] The pump may be housed in a housing that
forms the cylinder, i.e. the pump and the cylinder may be
formed as an integral unit. The pump may be located in
a head of the jack actuator. The actuator may have one
end through which the rod of the piston extends (i.e.
through one end of the cylinder), and the pump may be
located at the other end of the actuator (i.e. at the other
end of the cylinder).
[0026] The first line may be in optional communication
with a low pressure return line of the vehicle’s hydraulic
circuit. Vehicles, such as aircraft, may comprise a hy-
draulic circuit, comprising a high pressure line and a low
pressure line, that is used to power hydraulic components
in the vehicle. The first line may not be in communication
with the high pressure line of the vehicle.
[0027] The second line may be in optional communi-
cation with the low pressure return line of the vehicle’s
hydraulic circuit. The second line may not be in commu-
nication with the high pressure line of the vehicle.
[0028] The first line may be in optional communication
with the low pressure line of the vehicle’s hydraulic circuit
via a first pressure relief valve. The first pressure relief
valve is configured to open to relieve the pressure in the
first line when the pressure in the first line exceeds a
threshold pressure. The threshold pressure may be
greater than the pressure of the high pressure side of the
pump during normal actuation (e.g. greater by at least or
less than 100 psi (0.7MPa), 200 psi (1.4 MPa), 300 psi
(2.1 MPa) or 500 psi (3.4 MPa)) but may be less than the
pressure that would cause damage to the actuator. This
threshold pressure may be at least 1000 psi (7 MPa),
2000 psi (14 MPa), 3000 psi (21 MPa) or 4000 psi (28
MPa), and/or less than 2000 psi (14 MPa), 3000 psi (21
MPa), 4000 psi (28 MPa), or 5000 psi (34 MPa), such as
1000 psi (7 MPa) - 5000 psi (34 MPa), 2000 psi (14 MPa)
- 4000 psi (28 MPa), or around 3000 psi (21 MPa). The
threshold pressure may be 3100 psi (21.4 MPa). The first
pressure relief valve may operate autonomously. The
first pressure relief valve may be in the form of a spring-
loaded ball valve.
[0029] The second line may be in optional communi-
cation with the low pressure line of the vehicle’s hydraulic
circuit via a second pressure relief valve. The second
pressure relief valve is configured to open to relieve the
pressure in the second line when the pressure in the sec-
ond line exceeds a threshold pressure. The threshold
pressure may be greater than the pressure of the high
pressure side of the pump during normal actuation (e.g.
greater by at least or less than around 100 psi (0.7MPa),
200 psi (1.4 MPa), 300 psi (2.1 MPa) or 500 psi (3.4
MPa)) but may be less than the pressure that would
cause damage to the actuator. This threshold pressure
may be at least 1000 psi (7 MPa), 2000 psi (14 MPa),
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3000 psi (21 MPa) or 4000 psi (28 MPa), and/or less than
2000 psi (14 MPa), 3000 psi (21 MPa), 4000 psi (28 MPa),
or 5000 psi (34 MPa), such as 1000 psi (7 MPa) - 5000
psi (34 MPa), 2000 psi (14 MPa) - 4000 psi (28 MPa), or
around 3000 psi (21 MPa). The threshold pressure may
be 3100 psi (21.4 MPa). The second pressure relief valve
may operate autonomously. The second pressure relief
valve may be in the form of a spring-loaded ball valve.
[0030] During normal actuation, the high pressure side
of the pump may be at around less than 1000 psi (7 MPa),
2000 psi (14 MPa), 3000 psi (21 MPa), 4000 psi (28 MPa)
or 5000psi (34 MPa), and/or greater than 1000 psi (7
MPa), 2000 psi (14 MPa), 3000 psi (21 MPa), 4000 psi
(28 MPa) or 5000psi (34 MPa), such as 1000 psi (7 MPa)
- 5000 psi (34 MPa), 2000 psi (14 MPa) - 4000 psi (28
MPa), or around 3000 psi (21 MPa). During a jam, or
another unexpected event that raises pressure, the pres-
sure may raise to pressures that could damage the ac-
tuator. The pressure relief valve(s) prevent this occurring.
[0031] The first line may be in optional communication
with the low pressure line of the vehicle’s hydraulic circuit
via a make-up valve. The make-up valve may be a one-
way valve, such as ball valve. The make-up valve may
be configured to open to provide make-up fluid to the first
port of the pump when the pump actuates the actuator
so as to decrease the size of the first cavity and to in-
crease the size of the second cavity. The make-up fluid
may be required because when piston moves by a certain
amount, the volume of hydraulic fluid produced from the
first cavity and hence provided to the first port is less than
the volume of hydraulic fluid required by the second cavity
to expand (since the rod is present in the first cavity but
not in the second cavity).
[0032] In this situation, the pressure in the first passage
may be lower than the low pressure line of the vehicle’s
hydraulic circuit. This may allow the one-way make-up
valve to open and provide fluid from the low pressure line
of the vehicle’s hydraulic circuit to the first line and hence
the first port. This low pressure may be achieved through
use of a flow restrictor as discussed below.
[0033] The second line may be in optional communi-
cation with the low pressure line of the vehicle’s hydraulic
circuit via a spill valve. The spill valve may be a one-way
valve, such as ball valve. The spill valve may be config-
ured to open to allow excess fluid in the second line to
pass to the low pressure line of the vehicle’s hydraulic
circuit when the pump actuates the actuator so as to de-
crease the size of the first cavity and to increase the size
of the second cavity. The spill fluid may be present be-
cause when piston moves by a certain amount, the vol-
ume of hydraulic fluid produced from the second cavity
and hence provided to the second port is greater than
the volume of hydraulic fluid required by the first cavity
to expand (since the rod is present in the second cavity
but not in the first cavity).
[0034] The one way spill valve may be a pressure-en-
abled valve. The one way spill valve may be opened by
the pressure in the second line. However, the one way

spill valve may additionally/alternatively be opened by
pressure in the first line. There may be fluid connection
between the first line and the one way spill valve that,
when high pressure fluid is present in the first line, allows
said high pressure fluid to open the one way spill valve.
This enables the one way spill valve to be opened without
the need for pressure building up in the second line.
[0035] Each actuator may comprise a speed controller.
This may be present in the first line. This may be located
adjacent to the location where the first line meets the first
cavity. This may be located upstream of the pump and/or
the make-up valve and/or the first pressure relief valve
when the actuator is operating such the first cavity is de-
creasing in volume; and downstream of the pump and/or
the make-up valve and/or the first pressure relief valve
when the actuator is operating such the first cavity is in-
creasing in volume.
[0036] The speed controller may comprise a restriction
for restricting fluid flow. This may therefore act to de-
crease the pressure of the fluid passing through the re-
strictor. The speed controller may comprise a one-way
valve, such as a ball valve. The restriction and the one-
way valve may be located in parallel flow paths in the
speed controller. The one-way valve may be arranged
such that when it is open it provides relatively low resist-
ance to fluid flow in comparison to the restriction (pref-
erably very little resistance to fluid flow).
[0037] The restriction and the one-way valve may be
arranged such that, when the first cavity is decreasing in
size, the one-way valve is closed by the fluid exiting the
first cavity into the first line and so the fluid exiting the
first cavity passes through the restriction, which reduces
its pressure. This pressure reduction may help to ensure
the one-way make-up valve discussed above can open
(i.e. it may help to reduce the pressure below that of the
low pressure line of the vehicle’s hydraulic system).
[0038] The restriction and the one-way valve may be
arranged such that, when the first cavity is increasing in
size, the one-way valve is opened by the fluid passing
through the first line allowing the fluid to pass through
the one-way valve (relatively) unrestricted, e.g. the re-
striction no longer acts to restrict the flow in the first line.
Thus, pressure is no longer reduced by the speed con-
troller.
[0039] Each actuator may comprise a lock. The lock
may comprise a locking member that is configured to
hold the piston relative to the cylinder, for instance in the
retracted state. The locking member may be moveable,
preferably in a radial direction (or an at least partially
radial direction), relative to the cylinder. In its extended
position, the locking member may extend through the
cylinder wall and into the cylinder, which may prevent the
piston head from passing the locking member. In its re-
tracted position, the locking member may not extend into
the cylinder, which may allow the piston head to pass the
locking member.
[0040] The locking member may be shaped such that
when the piston head contacts, and applies a force to,
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the locking member in a first direction the locking member
may not be retracted by said contact and force; but when
the piston head contacts, and applies a force to, the lock-
ing member in a second opposite direction the locking
member may be retracted by said contact and force.
[0041] Here, the first direction may be the direction of
extension of the actuator, and the second direction may
be the direction of retraction of the actuator. This may
allow the retracting piston to push the locking member
out of the way of the piston to allow the actuator to retract
without any actuation of the locking member. This may
also prevent the actuator from extending without any ac-
tuation of the locking member.
[0042] For instance, the locking member may be
shaped with a radially extending surface facing in the
second direction (i.e. facing away from the direction of
extension of the actuator), and an angled, sloping surface
(i.e. intermediate the radial direction and the first direc-
tion) facing in the first direction.
[0043] The lock may comprise a locking-member ac-
tuator. This may comprise a piston and cylinder, wherein
the piston is biased in the cylinder by a biasing member
(such as a spring). A rod of piston may be attached to or
may form the locking member. The piston may be biased
such that the locking member is biased to its extended
position.
[0044] The piston and cylinder may be in communica-
tion with the second fluid line. This communication may
be such that when the pump raises the pressure in the
second fluid line, pressurised fluid enters the cylinder
from the second line and forces the piston to move
against the biasing member and hence retract the locking
member to its retracted unlocked position. When the
pressure in the second fluid line is low, the biasing mem-
ber moves the piston back to its original position and
hence extends the locking member into its locking ex-
tended position.
[0045] The lock may also comprise a lever for manual
actuation of the lock.
[0046] The pumps in each of the actuators may be driv-
en by the same electric motor using a shaft. This shaft
may be a flexishaft. The shaft may pass through a fluid
line that also fluidly connects all the actuators to the low
pressure line of the vehicle. Controlling the speed of the
one motor may control all of the pumps and hence actu-
ators simultaneously.
[0047] Alternatively, each of the actuators may com-
prise its own electric motor. These may all be controlled
using the same control/electrical power source/electrical
signal, thus also achieving simultaneous control of the
pumps and hence actuators.
[0048] Each actuator may comprise a position sensor
or a position feedback system, for providing information
on the extent of extension/retraction of the actuator. This
may be in the form of a transducer, such as an invariable
differential transducer. In conventional actuators, the
thread and worm wheel are used to determine the posi-
tion of the actuator. Since the present system may not

have such a thread and worm wheel, the system can
instead use a transducer.
[0049] Each actuator may be substantially identical to
each other.
[0050] The system may comprise or consist of two ac-
tuators connectable to the same thrust reverser compo-
nent. The system may comprise or consist of three ac-
tuators connectable to the same thrust reverser compo-
nent. The system may comprise or consist of four actu-
ators, two connectable to one thrust reverse component
and two connectable to another thrust reverser compo-
nent. The system may comprise or consist of six actua-
tors, three connectable to one thrust reverse component
and three connectable to another thrust reverser com-
ponent.
[0051] The stroke length of the actuators may be at
least 100mm, or 500mm or 1000mm, the stroke length
may be less than 2000mm, or 1000mm or 500mm, the
stroke length may be between 100-2000mm or
500-1000mm. The stroke length of each of the actuators
(e.g. the distance the piston moves between the fully re-
tracted and fully extended positions in the cylinder, or
vice versa) may be identical to each other.
[0052] The actuators may be configured such that the
stroke time of the actuators may be at least 1 s, 2s or 5s,
the stroke time may be less than 10s, 5s or 2s, the stroke
time may be between 1-10s or 2-5s. The stroke time of
each of the actuators (e.g. the time it takes the piston to
move between the fully retracted and fully extended po-
sitions in the cylinder, or vice versa) may be substantially
identical to each other, although there may be some error
or difference in stroke time and length, as discussed be-
low.
[0053] The bi-directional pump is a pump that has at
least two directions, possibly only two directions. In the
present actuators, as discussed above, the bi-directional
pump may have two ports. A first port may act as a low
pressure inlet for hydraulic fluid when the bi-directional
pump operates in a first direction and a high pressure
outlet for hydraulic fluid when the bi-directional pump op-
erates in a second direction. A second port may act as
a high pressure outlet for hydraulic fluid when the bi-di-
rectional pump operates in the first direction and a low
pressure inlet for hydraulic fluid when the bi-directional
pump operates in the second direction.
[0054] As discussed above, the pumps are electrically
driven. This may be a direct electrical drive, such as an
integral electric motor as part of each pump. However, it
may be an indirect electrical drive, such as via a mechan-
ical link (like the flexishaft mentioned above) to an electric
motor.
[0055] The bi-directional electrically driven pumps are
used as they can deliver a well-defined amount of fluid
for every rotation, or for every unit of power delivered to
the pumps. This allows the current thrust reverser actu-
ation system to be synchronised only by virtue of the
pump control without the need for a complex hydraulic
or mechanical synchronising link between the respective
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actuators.
[0056] The bi-directional electrically driven pumps may
each be a gear pump.
[0057] Each bi-directional pump may be substantially
identical to each other.
[0058] When each pump pumps hydraulic fluid through
the hydraulic circuit, the respective actuator may be ac-
tuated (e.g. extended or retracted, depending on the di-
rection of the pump).
[0059] The plurality of actuators may be synchronised
with one another by virtue of the fluid pumped by the
respective pumps. As mentioned above, they be syn-
chronised only by virtue of the fluid pumped by the re-
spective pumps. When there is a single motor driving
multiple pumps via a mechanical link, the pumps may be
synchronised by virtue of being driven by the same motor.
When there are multiple motors driving respective pumps
in respective actuators, the pumps may be synchronised
together by being provided with the same electric control
signal/power supply.
[0060] Due to this simple synchronisation, the present
system is much simpler and more light weight than pre-
vious systems.
[0061] Whilst there is an aim to have very little perform-
ance difference between the respective pumps and/or
actuators, there may (or may not) be some performance
differences between the respective pumps and/or actu-
ators. Thus, even if they are synchronised by virtue of
the same input energy, the actuators may be actuated
at slightly varying speeds. Thus, the stroke times of the
actuators may slightly vary.
[0062] In a typical hydraulic thrust reverser actuation
system (i.e. one run from an aircraft’s hydraulic circuit),
such stroke variation is avoided by having a complex
mechanical synchronisation the respective actuators.
However, in the present system there may be no such
synchronisation system. Rather, the system may rely on
the similar and reliable performance characteristics of
the respective pumps to actuate the actuators simulta-
neously and similarly. Small deviations in stroke time are
acceptable under the tolerance of a typical thrust reverser
component. Any small deviations in stroke time (such as
less than 0.5s, 0.2s or 0.1 s) are made up for when the
respective actuators reach the end of their stroke (i.e.
any actuators that are behind simply catch up with any
actuators that are ahead at the end of the stroke, i.e. at
the end of the stroke the operation of the actuators is
effectively "refreshed" - there is no lingering effect of a
previous stroke error on the next stroke). Errors or irreg-
ularities or differences in stroke time therefore do not
build up over time, and the system can therefore handle
any small stroke errors or irregularities or differences that
may occur.
[0063] Stated another way, when the actuators are fully
retracted or extended, the actuators may re-sync with
each other ahead of the reverse motion being performed
by the pump being operated in the opposite direction.
This re-sync may occur due to the simple hydraulic circuit

and piston-cylinder arrangement discussed above.
There is therefore no need for a more complex synchro-
nisation system as used in the prior art.
[0064] Thus, there may be no hydraulic synchronising
connection between the respective actuators (e.g. the
pistons and/or cylinders of the respective actuators) for
synchronising the actuators (e.g. the pistons and/or cyl-
inders of the respective actuators) with one another.
Rather, the only hydraulic connection between the re-
spective actuators may be the connection to the low pres-
sure hydraulic line (as discussed above), which may be
via the make-up valve, the spill valve, and/or the pressure
relief valves (as discussed above), and/or any number
of intervening hydraulic lines that merely provide a flow
path between the hydraulic circuit of the actuators to the
low pressure hydraulic line of the vehicle. This hydraulic
connection does not function to synchronise the motion
of one actuator with the others; rather, the only synchro-
nisation between the present actuators may be the con-
trol of the respective pumps.
[0065] Further, there may be no mechanical synchro-
nising connection between the respective actuators (e.g.
the pistons and/or cylinders of the respective actuators)
for synchronising the actuators (e.g. the pistons and/or
cylinders of the respective actuators) with one another.
Rather, the only mechanical connection between the re-
spective actuators may be the connection of the respec-
tive pumps to the same motor, or where each pump has
its own motor there may be no mechanical connection
between the respective actuators (apart from fact that
the actuators may be connected to the same thrust re-
verser component and engine (as discussed above)).
The mechanical connection between the respective
pumps drives the actuators in a synchronised manner,
however it does not act to synchronise the actuators if
there is an error or difference in performance between
the actuators, which is the whole purpose of a synchro-
nisation system. The mechanical connection provided by
the thrust reverser component may provide some syn-
chronisation function, but the entire purpose of a syn-
chronisation system (as discussed herein) is to prevent
stresses on the thrust reverser component that would be
caused by the thrust reverser component acting to syn-
chronise the actuators (i.e. a conventional thrust reverser
actuation system is mechanically tied together by the
thrust reverser component but also has a synchronisation
system to prevent stresses in the thrust reverser compo-
nent caused by differences in the actuators). Thus, the
mechanical link provided by the thrust reverser compo-
nent is not a synchronisation system.
[0066] The actuators may be moveable (extenda-
ble/retractable) by hand (e.g. during maintenance) by
simply pushing and pulling the piston. This may be the
case due to the simple hydraulic circuit of the present
actuator, due to the fact there is no additional synchro-
nising link between the actuators, and because there is
no high pressure fluid when the pumps are not operating.
This is not the case in conventional systems as the syn-
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chronising links and/or the electronic motors provide
great inertia against linear movement of the actuators by
hand, even when the system is switched off. In order to
move these systems by hand it is required to provide a
hand-winding apparatus to wind the synchronisation sys-
tem and hence move the actuators. This adds further
complexity. In the present system, the only inertia to over-
come is that of the piston/cylinder, the simple hydraulic
circuit and the pump. Due to the simplicity of the system,
these can be overcome easily by hand by simply pushing
and pulling the piston rod.
[0067] As discussed above, each hydraulic circuit may
be arranged to be connected to a low-pressure line of a
hydraulic circuit of the vehicle such that, when make-up
hydraulic fluid is required, make-up hydraulic fluid can
be provided to each actuator from the low-pressure line
of the vehicle and, when hydraulic fluid is required to be
spilled, spill hydraulic fluid can be delivered to the low-
pressure line of the vehicle.
[0068] As has been discussed above, the hydraulic cir-
cuit may be arranged not to be connected to a high-pres-
sure line of a hydraulic circuit of the vehicle. Indeed, the
actuators and/or the entire thrust reverser actuation sys-
tem may have no hydraulic communication with the high-
pressure line of a hydraulic circuit of the vehicle; rather,
the only hydraulic communication with the hydraulic cir-
cuit of the vehicle may be with the vehicle’s low pressure
line.
[0069] This is in contrast to existing hydraulic thrust
reverser actuation system’s which are powered by the
vehicle’s high pressure hydraulic line. Not being powered
by the vehicle’s high pressure hydraulic circuit allows the
present system not to be a burden on the vehicle’s hy-
draulic circuit, which can improve the overall efficiency
of the system and the vehicle. Further, the vehicle’s high
pressure hydraulic line may be at a higher pressure than
is required by the thrust reverser actuation system, which
means the conventional thrust reverser actuation system
may need to be built to handle greater pressures than
necessary, which can add unnecessary weight, and may
need to reduce the pressure, which can increase energy
losses in the system. The present system can avoid these
issues.
[0070] As has been discussed above, the hydraulic cir-
cuit of each actuator may comprise a one or more pres-
sure relief valves, said one or more pressure relief valves
being configured to limit pressure in the respective hy-
draulic circuits to prevent damage of the respective ac-
tuators.
[0071] As mentioned above, pressure could increase
in the hydraulic circuit to levels that would damage the
actuator if, for instance, the actuator jams, i.e. the piston
and cylinder jams, and the pump continues to operate.
The pressure relief valve(s) may prevent pressure in-
creasing to levels that would damage the actuator. There
may be (possibly only) one pressure relief valve for re-
lieving the pressure when the pump acts in the first di-
rection (e.g. to extend the actuator) and there may be

(possibly only) one pressure relief valve for relief valve
for relieving the pressure when the pump acts in the sec-
ond direction (e.g. to retract the actuator).
[0072] As has been discussed above, each hydraulic
circuit may be arranged to be connected to a low-pres-
sure line of a hydraulic circuit of the vehicle, and the pres-
sure relief valves may be arranged such that when they
are open they allow the hydraulic fluid in the actuator to
be delivered to the low-pressure line.
[0073] As has been discussed above, each actuator
may comprise a lock for locking the actuator in position,
wherein said lock is connected to the hydraulic circuit
and is arranged to be unlocked by the fluid when the
pump pressurises the fluid. The lock may be arranged to
be unlocked only when the pump operates in the first
direction (e.g. the direction which would act to extend the
actuator, i.e. the first direction), and may not be unlocked
when the pump operates in the second direction.
[0074] The pump may be the only actively-controlled
component in each of the actuators, or indeed the entire
actuation system. The control of the present thrust re-
verser actuation system may therefore be greatly simpli-
fied in comparison to existing systems. Existing electron-
ic systems require complex electronic controls to ade-
quately control the actuation. Existing hydraulic systems
require complex controls to adequately control the actu-
ation. The present system does not require such complex
controls due to the use of the bi-directional electronic
pump. Since a bi-directional electronic pump (such as a
gear pump) can deliver a reliable amount of fluid/pres-
sure change given a certain input then all that may be
required to control the actuators is the power input into
the pumps. The locking mechanism discussed herein
may also be actively controlled, but this is not part of the
actuation system as defined herein.
[0075] As discussed above, the stroke of each of the
actuators may be the same.
[0076] As discussed above, the thrust reverser actua-
tion system may comprise an electrical motor, wherein
the motor drives the pumps of the plurality of actuators.
There may be only one electrical motor, or there may be
one electrical motor for every two actuators, or one elec-
trical motor for every three actuators. This may be linked
to the pumps mechanically, e.g. via a drive shaft such as
a flexishaft. The mechanical link may pass through a hy-
draulic line that connects the hydraulic system of each
actuator to the low pressure line of the vehicle’s hydraulic
circuit (i.e. said line may be full of hydraulic fluid at said
low pressure).
[0077] Alternatively, as discussed above the thrust re-
verser actuation system may comprise a plurality of mo-
tors, wherein each motor drives a respective one of the
pumps of plurality of actuators.
[0078] The motors may be substantially identical to
each other. The pumps may be substantially identical to
each other. The motors may operate at the same speed
as each other. The pumps may operate at the same
speed as each other.
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[0079] In a second aspect, there is provided a thrust
reverser system for a jet propulsion engine for a vehicle
comprising: at least one thrust reverser component; and
the thrust reverser actuation system as discussed in the
first aspect arranged to actuate the at least one thrust
reverser component.
[0080] As intended herein, a thrust reverser compo-
nent is a section of a jet propulsion engine’s nacelle or
cowling or housing. A thrust reverser component is typ-
ically located toward the rear of the engine. A thrust re-
verser component is positioned and arranged such that
when it is retracted, exhaust from the engine is allowed
to exit the engine in a rearward direction and, when it is
extended, at least some of the exhaust from the engine
is deflected by the thrust reverser component such that
the exhaust has at least a component in the forward di-
rection of the vehicle.
[0081] There may be two thrust reverser components,
possibly only two.
[0082] Each thrust reverser may have at least or only
one, two or three actuators.
[0083] With regard to the actuators, the cylinders may
be fixed relative to engine and the pistons (e.g. the end
of the piston rod that is distant from the piston head and
protrudes through the end of the cylinder) may be at-
tached to the thrust reverser component(s). Alternatively,
the cylinders may be fixed relative to thrust reverser com-
ponent(s) and the pistons (e.g. the end of the piston rod
that is distant from the piston head and protrudes through
the end of the cylinder) may be attached to the engine.
[0084] The thrust reverser component(s) may be de-
ployed (such that it/they act to reverse the thrust) when
the actuators are extended and may be retracted (such
that it/they do not act to reverse the thrust) when the
actuators are retracted. Alternatively, the thrust reverser
component(s) may be deployed (such that it/they act to
reverse the thrust) when the actuators are retracted and
may be retracted (such that it/they do not act to reverse
the thrust) when the actuators are extended.
[0085] In a third aspect, there is provided a jet propul-
sion engine for a vehicle comprising the thrust reverser
system of the second aspect.
[0086] The engine may comprise the vehicle’s hydrau-
lic circuit discussed above. The hydraulic circuit may
comprise a high pressure line and a low pressure line.
The circuit may be used to power hydraulic components
in the vehicle/engine.
[0087] In a fourth aspect, there is provided a vehicle
comprising the jet propulsion engine of the third aspect.
The vehicle may comprise the vehicle’s hydraulic circuit
discussed above.
[0088] Certain preferred embodiments will now be de-
scribed by way of example only and with reference to the
accompanying drawings, in which

Figure 1 shows a thrust reverser system according
to an embodiment of the present invention,
Figure 2 shows another thrust reverser system ac-

cording to an embodiment of the present invention,
Figure 3 shows a schematic view of an exemplary
actuator operating in a first direction according to an
embodiment of the present invention, and
Figure 4 shows the actuator of Figure 3 operating a
second direction.

[0089] With regard to Figure 1, shown is a schematic
view of a thrust reverser system 1 for a jet propulsion
engine according to an embodiment of the present in-
vention. The thrust reverser system 1 comprises two
thrust reverser components 2 and a thrust reverser ac-
tuation system 100 arranged to actuate the thrust revers-
er components 2.
[0090] Each thrust reverser 2 is actuated by two actu-
ators 150, which are discussed in more detail below. The
actuators 150 are part of the thrust reverser actuation
system 100.
[0091] The thrust reverser components 2 are deployed
when the actuators 150 are extended and are retracted
when the actuators 150 are retracted.
[0092] The thrust reverser components 2 are releasa-
bly held in the retracted position by a locking system 200.
The locking system 200 may be communication with an
aircraft’s main hydraulic circuit 300, in particular both the
high pressure supply line 301 and the low pressure return
line 302.
[0093] The locking system 200 comprises a locking
unit 201 per thrust reverser component 2 and electrically-
controlled switches 202. In the locking position, the lock-
ing units 201 are only in communication with the return
line 302 (as shown in Figure 1). However, the switches
202 can be switched to positions such that high pressure
fluid in the supply line 301 acts to actuate the locking
units 201 and hence release the components 2. When
this occurs, the hydraulic fluid passing through the lock-
ing units 201 can be output into the return line 302.
[0094] With regard to the thrust reverser actuation sys-
tem 100, each actuator comprises a hydraulic circuit 160
and a bi-directional electrically-driven pump 190 config-
ured to pump hydraulic fluid through the hydraulic circuit
160. The hydraulic circuit 160 and the pump 190 are con-
figured such that the direction of the pump 160 dictates
the direction of the actuation of the actuator 150.
[0095] With regard to Figures 3 and 4, each actuator
150 may comprise a piston 151 and a cylinder 152. The
cylinder 152 is configured to be fixed relative to the engine
and the piston 151 is moveable relative to the cylinder
152 and the engine. The piston 151 divides the cylinder
152 into two cavities 153, 154 sealed from one another
by the piston 151. Hydraulic fluid is present in both cav-
ities 153, 154. Both cavities 153, 154 are connected to
the pump 190 by the hydraulic circuit 160.
[0096] The piston 151 comprises a piston head 155 for
sealing to the internal wall of the cylinder 152 and a rod
156 extending from the piston head 155. The rod 156
extends through a first one of said cavities 153 in the
cylinder, and then out of the cylinder through a sealed
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hole in an end 157 of the cylinder. The rod 156 does not
extend through a second one of said cavities 154. The
end 158 of rod 156 distant from the piston head 155 is
connected to a thrust reverser component 2 as shown in
Figures 1 and 2.
[0097] Each actuator 150 is actuable in a first direction
between a retracted position and an extended position.
This direction of actuation is shown in Figure 3. Each
actuator 150 is actuable in a second direction between
the extended position and the retracted position. This
direction of actuation is shown in Figure 4.
[0098] The pump 190 comprises two ports 191, 192
for hydraulic fluid. A first port 191 acts as a low pressure
inlet when the pump 190 operates in the first direction
(as shown in Figure 3) and acts as a high pressure outlet
when the pump 190 operates in a second direction (as
shown in Figure 4). A second port 192 acts as a low
pressure inlet when the pump 190 operates in the second
direction (as shown in Figure 4) and acts as a high pres-
sure outlet when the pump 190 operates in the first di-
rection (as shown in Figure 3).
[0099] In Figures 3 and 4 high pressure fluid flow is
shown with a double arrow, and low pressure fluid flow
is shown with a single arrow. Where there is no flow (e.g.
since the shown fluid path is closed), this is shown with
a dotted line.
[0100] The hydraulic circuit 160 comprises a plurality
of fluid lines 161, 162 for passage of hydraulic fluid. The
hydraulic circuit 160 comprises a first line 161 connecting
the first cavity 153 to the first port 191. The hydraulic
circuit 160 comprises a second line 162 connecting the
second cavity 154 to the second port 192. The first line
161 is connected to the first cavity 153 toward the end
157 of the cylinder 152 that is nearest to the end 158 of
the rod to which the component 2 is attached. The second
line 154 connects to the second cavity toward the other
end 159 of the cylinder.
[0101] Each actuator 150 is operated by regenerative
flow of hydraulic fluid, which is pressurised and circulated
by the pump 190. However, as discussed below, there
is some make-up fluid needed or spill fluid excess de-
pending on the operation of the actuator 150.
[0102] The pump 190 is housed in a housing that forms
the cylinder 152, i.e. the pump 190 and the cylinder 152
are formed as an integral unit. The pump 190 is located
adjacent the end 159 of the cylinder opposite the end
157 through which the rod 156 passes.
[0103] The first line 161 is in optional communication
with the low pressure return line 302 of the vehicle’s hy-
draulic circuit 300. The second line 161 is also in optional
communication with the low pressure return line 302 of
the vehicle’s hydraulic circuit 300.
[0104] The first line 161 is in optional communication
with the low pressure line 302 of the vehicle’s hydraulic
circuit 300 via a first pressure relief valve 163. The first
pressure relief valve 163 is configured to open to relieve
the pressure in the first line 161 when the pressure in the
first line 161 exceeds a threshold pressure. The first pres-

sure relief valve 163 operates autonomously. The first
pressure relief valve 163 is a spring-loaded ball valve.
[0105] The second line 162 is in optional communica-
tion with the low pressure line 302 of the vehicle’s hy-
draulic circuit via a second pressure relief valve 164. The
second pressure relief valve 164 is configured to open
to relieve the pressure in the second line 162 when the
pressure in the second line 162 exceeds a threshold pres-
sure. The second pressure relief valve 164 operates au-
tonomously. The second pressure relief valve 164 is a
spring-loaded ball valve. During a jam, or another unex-
pected event that raises pressure, the pressure may raise
to pressures that could damage the actuator 150. The
pressure relief valves 163, 164 prevent this occurring.
[0106] The first line 161 is in optional communication
with the low pressure line 302 of the vehicle’s hydraulic
circuit 300 via a make-up valve 165. The make-up valve
165 is a one-way valve, such as ball valve. The make-
up valve 165 is configured to open to provide make-up
fluid to the first port 191 of the pump 190 when the pump
190 actuates the actuator so as to decrease the size of
the first cavity 153 and to increase the size of the second
cavity 154 (as shown in Figure 3). The make-up fluid is
required because when piston 151 moves by a certain
amount, the volume of hydraulic fluid produced from the
first cavity 153 and hence provided to the first port 191
is less than the volume of hydraulic fluid required by the
second cavity 154 to expand (since the rod 156 is present
in the first cavity 153 but not in the second cavity 154).
[0107] In this situation, the pressure in the first passage
161 is lower than the low pressure line 302 of the vehicle’s
hydraulic circuit 300. This may allow the one-way make-
up valve 165 to open and provide fluid from the low pres-
sure line 302 of the vehicle’s hydraulic circuit 300 to the
first line 161 and hence the first port 191. This low pres-
sure may be achieved at least in part through use of the
flow restrictor 171 discussed below.
[0108] The second line 162 is in optional communica-
tion with the low pressure line 302 of the vehicle’s hy-
draulic circuit 300 via a spill valve 166. The spill valve
166 is a one-way valve, such as ball valve. The spill valve
166 is configured to open to allow excess fluid in the
second line 162 to pass to the low pressure line 302 when
the pump 191 actuates the actuator 150 so as to de-
crease the size of the first cavity and to increase the size
of the second cavity (as shown in Figure 4). The spill fluid
is present because when the piston 151 moves by a cer-
tain amount, the volume of hydraulic fluid produced from
the second cavity 154 and hence provided to the second
port 192 is greater than the volume of hydraulic fluid re-
quired by the first cavity 153 to expand (since the rod 156
is present in the first cavity 153 but not in the second
cavity 154).
[0109] The one way spill valve 166 is a pressure-ena-
bled valve. The one way spill valve is opened by the pres-
sure in the first line 161. There is a fluid connection 167
between the first line 161 and the one way spill valve 166
that, when high pressure fluid is present in the first line
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161, allows said high pressure fluid to open the one way
spill valve 166. This enables the one way spill valve 166
to be opened without the need for pressure building up
in the second line 162.
[0110] Each actuator 150 comprises a speed controller
170. This is part of the first line 161 and is located adjacent
to the location where the first line 161 meets the first
cavity 153, i.e. it is located upstream of the pump 191,
the make-up valve 165 and the first pressure relief valve
163 when the actuator 150 is operating such the first
cavity 153 is decreasing in volume; and downstream of
the pump 190, the make-up valve 163 and the first pres-
sure relief valve 163 when the actuator 150 is operating
such the first cavity 153 is increasing in volume.
[0111] The speed controller 170 comprises a restric-
tion 171 for restricting fluid flow. This acts to decrease
the pressure of the fluid passing through the restriction
171. The speed controller 170 comprises a one-way
valve 172, such as a ball valve. The restriction 171 and
the one-way valve 172 are located in parallel flow paths
173, 174 in the speed controller 170. The one-way valve
172 is arranged such that when it is open it provides
relatively low resistance to fluid flow in comparison to the
restriction 171.
[0112] The restriction 171 and the one-way valve 172
are arranged such that, when the first cavity 153 is de-
creasing in size, the one-way valve 172 is closed by the
fluid exiting the first cavity 153 into the first line 161 and
so the fluid exiting the first cavity 153 passes through the
restriction 172, which reduces its pressure. This pressure
reduction may help to ensure the one-way make-up valve
163 discussed above can open (i.e. it may help to reduce
the pressure below that of the low pressure line 302).
[0113] The restriction 171 and the one-way valve 172
are arranged such that, when the first cavity 153 is in-
creasing in size, the one-way valve 172 is opened by the
fluid passing through the first line 161 allowing the fluid
to pass through the one-way valve 172 relatively unre-
stricted. Since the fluid can pass through the one-way
valve 172, the restriction 171 no longer acts to restrict
the flow in the first line 161. Thus, pressure is no longer
reduced by the speed controller 170.
[0114] Each actuator 150 comprises a lock 180. The
lock 180 comprises a locking member 181 that is config-
ured to hold the piston 151 relative to the cylinder 152 in
the retracted state of the actuator 150. The locking mem-
ber 181 is moveable in a radial direction relative to the
cylinder 152 and the piston 151. In its extended position
(see Figure 4), the locking member 181 extends through
the cylinder wall and into the cylinder 152, which may
prevent the piston head 155 from passing the locking
member 181. In its retracted position (see Figure 3), the
locking member 181 does not extend into the cylinder
152, which allows the piston head 155 to pass the locking
member 181.
[0115] The locking member 181 is shaped such that
when the piston head 155 contacts, and applies a force
to, the locking member 181 in a first direction the locking

member is not retracted by said contact and force; but
when the piston head 155 contacts, and applies a force
to, the locking member 181 in a second opposite direction
the locking member 181 is retracted by said contact and
force.
[0116] Here, the first direction may be the direction of
extension of the actuator 150, and the second direction
may be the direction of retraction of the actuator 150.
This allows the retracting piston 151 to push the locking
member 181 out of the way of the piston 151 to allow the
actuator 150 to retract without any actuation of the locking
member 181. This also prevents the actuator 150 from
extending without any actuation of the locking member
181.
[0117] Specifically, the locking member 181 is shaped
with a radially extending surface 182 facing in the second
direction (i.e. facing away from the direction of extension
of the actuator), and an angled, sloping surface (i.e. in-
termediate the radial direction and the first direction) fac-
ing in the first direction 183.
[0118] The lock 180 comprises a locking-member ac-
tuator 184. This comprises a piston 185 and cylinder 186,
wherein the piston is biased in the cylinder by a biasing
member 187. A rod of piston 185 forms the locking mem-
ber 181. The piston 185 is biased such that the locking
member 181 is biased to its extended position.
[0119] The piston 185 and cylinder 186 are in commu-
nication with the second fluid line 162. This communica-
tion may be such that when the pump 190 raises the
pressure in the second fluid line 162, pressurised fluid
enters the cylinder 186 from the second line 162 and
forces the piston 185 to move against the biasing member
187 and hence retract the locking member 181 to its re-
tracted unlocked position (see Figure 3). When the pres-
sure in the second fluid line 162 is low (see Figure 4),
the biasing member 187 moves the piston 185 back to
its original position and hence extends the locking mem-
ber 181 into its locking extended position.
[0120] The lock 180 also comprises a lever 188 for
manual actuation of the locking member 181.
[0121] Returning to Figure 1, the pumps 190 in each
of the actuators 150 are driven by the same electric motor
110 using one or more shafts 111. The shaft 111 passes
through a fluid line 112 that also fluidly connects all the
actuators 150 to the low pressure line 302 of the vehicle.
Controlling the speed of the single motor 110 controls all
of the pumps 190 and hence actuators 150 simultane-
ously. The shaft 111 may be the only mechanical con-
nection between the respective actuators, other than the
mechanical connection provided by the components 2
between the ends 158 of the piston rod 156 and the fact
that the cylinders 152 are secured to the same engine.
The fluid line 112 may provide the only hydraulic connec-
tion between the respective actuators.
[0122] Alternatively, referring to Figure 2, each of the
actuators 150 comprises its own electric motor 110.
These motors 110 are all be controlled using the same
control/electrical power source/electrical signal, thus al-
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so achieving simultaneous control of the pumps 190 and
hence actuators 150. There may still be a shaft 111 be-
tween each motor 110 and the respective pump 109.
These shafts 111 may also be located within the fluid line
112 that fluidly connects all the actuators 150 to the low
pressure line 302 of the vehicle. In this case, the only
mechanical connection between the respective actuators
is provided by the components 2 between the ends 158
of the piston rod 156 and the fact that the cylinders 152
are secured to the same engine.

Claims

1. A thrust reverser actuation system for a jet propul-
sion engine for a vehicle, the thrust reverser actua-
tion system comprising:

a plurality of hydraulically-driven thrust reverser
actuators for actuating one or
more thrust reverser components of the jet pro-
pulsion engine, each actuator comprising:

a hydraulic circuit; and
a bi-directional electrically-driven pump
configured to pump hydraulic
fluid through the hydraulic circuit,

wherein the hydraulic circuit and the pump are
configured such that the direction of the pump
dictates the direction of the actuation of the ac-
tuator.

2. A thrust reverser actuation system as claimed in
claim 1, wherein the plurality of actuators are syn-
chronised with one another by virtue of the fluid
pumped by the respective pumps.

3. A thrust reverser actuation system as claimed in
claim 1 or 2, wherein there is no hydraulic synchro-
nising connection between the respective actuators
synchronising the actuators with one another.

4. A thrust reverser actuation system as claimed in
claim 1, 2 or 3, wherein there is no mechanical syn-
chronising connection between the respective actu-
ators for synchronising the actuators with one anoth-
er.

5. A thrust reverser actuation system as claimed in any
preceding claim, wherein each hydraulic circuit is ar-
ranged to be connected to a low-pressure line of a
hydraulic circuit of the vehicle such that, when make-
up hydraulic fluid is required, make-up hydraulic fluid
can be provided to each actuator from the low-pres-
sure line of the vehicle and, when hydraulic fluid is
required to be spilled, spill hydraulic fluid can be de-
livered to the low-pressure line of the vehicle.

6. A thrust reverser actuation system as claimed in any
preceding claim, wherein the hydraulic circuit is ar-
ranged not to be connected to a high-pressure line
of a hydraulic circuit of the vehicle.

7. A thrust reverser actuation system as claimed in any
preceding claim, where the hydraulic circuit of each
actuator comprises one or more pressure relief
valves, said one or more pressure relief valves being
configured to limit pressure in the respective hydrau-
lic circuits to prevent damage of the respective ac-
tuators.

8. A thrust reverser actuation system as claimed in
claim 7, wherein each hydraulic circuit is arranged
to be connected to a low-pressure line of a hydraulic
circuit of the vehicle, and the one or more pressure
relief valves are arranged such that when they are
open they allow the hydraulic fluid in the actuator to
be delivered to the low-pressure line.

9. A thrust reverser actuation system as claimed in any
preceding claim, wherein each actuator comprises
a lock for locking the actuator in position, wherein
said lock is connected to the hydraulic circuit and is
arranged to be unlocked by the fluid when the pump
pressurises the fluid.

10. A thrust reverser actuation system as claimed in any
preceding claim, wherein the pump is the only ac-
tively-controlled component in each of the actuators.

11. A thrust reverser actuation system as claimed in any
preceding claim, wherein each of the actuators is
substantially identical to one another.

12. A thrust reverser actuation system as claimed in any
preceding claim, wherein the thrust reverser actua-
tion system comprises an electrical motor, and
wherein the motor drives the pumps of the plurality
of actuators.

13. A thrust reverser actuation system as claimed in any
of claims 1 to 11, wherein the thrust reverser actua-
tion system comprises a plurality of motors, and
wherein each motor drives a respective one of the
pumps of plurality of actuators.

14. A thrust reverser system for a jet propulsion engine
for a vehicle comprising:

at least one thrust reverser component; and
the thrust reverser actuation system as claimed
in any preceding claim arranged to actuate the
at least one thrust reverser component.

15. A jet propulsion engine for a vehicle comprising the
thrust reverser system of claim 14.
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