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(54) Title of the Invention: Aircraft door control

Abstract Title: An aircraft door controller configured to not store a door movement command when power is

unavailable

(57) An aircraft door controller 100 has a receiver 110 which can receive a command 14 to move an aircraft door relative

to a door frame, the controller does not store the command when power to move the door is unavailable; such as

during ground maintenance, to prevent unexpected opening of the door when power is restored. The power may be

hydraulic or electrical and the command may be an electrical signal, which is not latched in memory latch.
Preferably, the door controller is part of a door control system 1 having a user control 12 for generating the
command. The user control may be a button biased away from a position which would cause generation of the
command, still operable, but unresponsive, when power is unavailable; alternatively a lever or a virtual touch
screen button may be used. A second user control may be provided; both controls to be operated simultaneously
for the command to be generated by the first control, for example. A detector may be provided to detect the door
position. The door may be a landing gear bay door or cargo bay door.
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AIRCRAFT DOOR CONTROL

TECHNICAL FIELD

[0001] The present invention relates to movement of an aircraft door relative to a door
frame, such as for access during maintenance procedures. In particular, the invention
relates to an aircraft door controller, to an aircraft door control system comprising the

aircraft door controller, to a method of controlling an aircraft door, and to an aircraft.

BACKGROUND

[0002] Opening and closing of an aircraft door, such as a landing gear bay door or a cargo
bay door, may be required during a maintenance procedure. At times, power to open or
close a door may be unavailable, such as when the door has been isolated from an aircraft
power system. It is preferable that the system for controlling the door is unable to cause
unexpected movement of the door once power is restored, to help preserve the safety of

engineers or technicians working in the vicinity of the door.

SUMMARY

[0003] A first aspect of the present invention provides an aircraft door controller
comprising a receiver configured to receive a command to move an aircraft door between
an open position and a closed position relative to a door frame, wherein the aircraft door
controller is configured to not store the command when power to move the aircraft door
between the open position and the closed position relative to the door frame is

unavailable.

[0004] Optionally, the command comprises an electrical signal.

[0005] Optionally, the controller is configured to not store the command by the controller

not latching the command in memory.



[0006] A second aspect of the present invention provides an aircraft door control system,
comprising a controller according to the first aspect of the invention, and a user input

configured to cause generation of the command when operated by a user.

[0007] Optionally, the user control is operable by the user when the power to move the
aircraft door between the open position and the closed position relative to the door frame

is unavailable.

[0008] Optionally, wherein the user control is configured to cause generation of the
command by movement of the user control to a first position, and wherein the user control

is biased away from the first position.

[0009] Optionally, the aircraft door control system comprises a detector configured to
detect a position of the aircraft door relative to the door frame, and the aircraft door
controller is configured to cause movement of the aircraft door between the open position

and the closed position relative to the door frame on the basis of an output of the detector.

[0010] Optionally, the user control is a first user control and the control system comprises
a second user control, and the aircraft door control system is configured such that
operation of the first user control causes generation of the command in dependence on a

status of the second user control.

[0011] Optionally, the aircraft door control system is an aircraft landing gear bay door

control system.

[0012] A third aspect of the present invention provides a method of controlling an aircraft
door, the method comprising receiving a command to move the aircraft door between an
open position and a closed position relative to a door frame and not storing the command,
when power to move the aircraft door between the open position and the closed position

relative to the door frame is unavailable.



[0013] Optionally, the command is generated by actuation of a user control, and the user
control is free to be actuated when the power to move the aircraft door between the open

position and the closed position relative to the door frame is unavailable.

[0014] Optionally, the command is generated by movement of the user control to a first

position against a biasing force.

[0015] Optionally, the command comprises an electrical signal.

[0016] Optionally, the not storing the command comprises not latching the electrical

signal in memory.

[0017] Optionally, the command comprises a command to move the aircraft door from

the open position to the closed position relative to the door frame.

[0018] Optionally, the power comprises hydraulic power and/or electrical power.

[0019] Optionally, the aircraft door is a landing gear bay door or a cargo bay door.

[0020] A fourth aspect of the present invention provides a non-transitory computer-
readable storage medium storing instructions that, if executed by a processor of an aircraft
door controller, cause the processor to carry out the method according to the third aspect

of the present invention.

[0021] A fifth aspect of the present invention provides an aircraft comprising one or more
of: an aircraft door controller according to the first aspect of the present invention, an
aircraft door control system according to the second aspect of the present invention, and
a non-transitory computer-readable storage medium according to the third aspect of the

present invention.

98]



[0022] A sixth aspect of the present invention provides an aircraft door controller for
controlling movement of an aircraft door, wherein the aircraft door controller is
configured to not store information representative of an instruction to move the aircraft
door relative to a door frame, in dependence on the availability, at the time when the
instruction is received by the controller, of power to perform the instructed movement of

the aircraft door.

[0023] Optionally, the instruction comprises an electrical signal.

[0024] Optionally, the controller is configured to not store the information by not latching

the instruction in memory.

[0025] It is to be noted that, herein, the phrase “between the open position and the closed
position” covers movement from the open position to the closed position, and movement
from the closed position to the open position. In some embodiments, the movement is
from the open position to the closed position, and in other embodiments the movement is

from the closed position to the open position.

[0026] It is also to be noted that, herein, reference to storing or not storing a command or
instruction may comprise storing or not storing, respectively, information representative

of the command or instruction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings, in which:

[0028] Figure 1 shows a schematic view of an example of an aircraft landing gear door

control system according to an embodiment of the invention;

[0029] Figure 2 shows a schematic view of an assembly comprising a user control of the

system of Figure 1;



[0030] Figure 3 is a flow diagram showing an example of a method of controlling an

aircraft door according an embodiment of the invention;

[0031] Figure 4 shows a schematic diagram of an example of a non-transitory computer-

readable storage medium according to an embodiment of the invention; and

[0032] Figure 5 shows a schematic side view of an example of an aircraft according to an

embodiment of the invention.

DETAILED DESCRIPTION

[0033] The following description relates to controllers, control systems and methods for
controlling movement of an aircraft door between an open position and a closed position

relative to a door frame.

[0034] In known systems, a command to move an aircraft door between an open position
and a closed position relative to a door frame is generated by user-operation of an actuator,
such as a lever. When power to move the aircraft door is unavailable, an interlock
prevents a user from actuating the actuator, so that the command cannot be generated.
When power to move the aircraft door is restored, the interlock is released so that the
actuator is then free to be actuated to cause generation of the command. Such systems
can be relatively large and heavy, with a relatively high number of moving parts.
However, there is a general inertia in the aircraft industry to continue using such systems,
as they are perceived to have a degree of reliability that outweighs their disadvantageous

size and weight.

[0035] Figure 1 shows a schematic diagram of an example of an aircraft landing gear
door control system 1 according to an embodiment of the invention. The aircraft landing
gear door control system 1 comprises an aircraft door controller 100 according to an
embodiment of the invention, and a user control 12 configured, when operated by a user,
to cause generation of an instruction or command 14 to move an aircraft landing bay door

between an open position and a closed position relative to a door frame.



[0036] In some embodiments, the aircraft landing gear door control system 1 is
independent to a Normal Landing Gear Bay Door Operating System. That is, the aircraft
landing gear door control system 1 may be for use only when the aircraft is on the ground,

and not for opening and closing the landing gear bay door during landing and take-off.

[0037] It will be understood that in other embodiments the invention may be employed
additionally or alternatively to control movement of one or more cargo bay doors, in

which case the system comprises an aircraft cargo bay door control system.

[0038] In some embodiments, the aircraft door controller 100 is for controlling movement
of an aircraft door. The controller 100 may be configured to not store information
representative of an instruction to move the aircraft door relative to a door frame, in
dependence on the availability, at the time when the instruction is received by the

controller, of power to perform the instructed movement of the aircraft door.

[0039] In some embodiments, particularly those in which the aircraft door is moveable
using an electro-hydraulic actuator, the aircraft door control system is configured to allow
the aircraft door to be moved towards the open position under the influence of gravity.
That is, the door may be locked when in the closed position, and the lock is released to
allow the aircraft door to move towards the open position when the command 14 is
received and the power is available. Movement of the aircraft door under gravity may be
controlled by a damping mechanism. In other embodiments, movement of the aircraft
door in each direction between the open position and the closed position may be
controlled and effected throughout the full movement of the door by actuation of an
actuator. The actuator may be, for example, a hydraulic, electro-hydraulic, pneumatic or

electro-mechanical actuator.

[0040] Broadly speaking, the controller 100 comprises a receiver 110 configured to
receive the instruction or command 14 to move the aircraft door between the open
position and the closed position relative to the door frame. The receiver 110 may be
configured to receive the command 14 wirelessly. Alternatively, the receiver 110 may be

configured to receive the command 14 via electrical wiring, or another suitable interface.



The controller 100 is configured to not store the command 14 when power to move the
aircraft door between the open position and the closed position relative to the door frame
is unavailable. That is, the controller 100 is configured to not store the command 14 in
dependence on the availability, at the time when the instruction 14 is received by the
controller 100, of power to perform the instructed movement of the aircraft door. Not
storing the instruction or command 14 may comprise not storing information
representative of the instruction or command 14. In some examples, when the power is

unavailable, the controller 100 is configured to ignore the instruction or command 14.

[0041] In this embodiment, the controller 100 is configured to cause movement of the
aircraft door between the open position and the closed position relative to the door frame
only when the instruction or command 14 is received by the receiver 110 and the power
to move the aircraft door between the open position and the closed position relative to the

door frame is available.

[0042] The controller 100 of this embodiment comprises a processor 120. The processor
120 is configured to receive from the receiver 110 a signal indicative of whether the power
is available. In an alternative embodiment, the signal indicative of whether the power is
available may be received at the processor 120 from other than the receiver 110. In some
embodiments, the processor 120 may be configured to determine whether the power is
available, and to store the command 14 or information representative of the command 14
when the power is available. In this embodiment, the controller 100 comprises a memory
130, and the processor 120 is configured to store the command 14, or information
representative of the command 14, in the memory 130 when the power is available. In
other embodiments, the processor 120 may be configured to not store the command 14 or

information representative of the command 14, even when the power is available.

[0043] In this embodiment, the command 14 comprises an electrical signal. Further, in
this embodiment, the controller 100 is configured to not store the command 14 by the

controller 100 not latching the command 14 in the memory 130.



[0044] In embodiments of the present invention, the user control 12 may be any input
device that is operable by a user to cause the command 14 to be sent to the controller 100.
For example, the user control 12 may comprise a push button, a lever, or a virtual button
on a touch screen. The user control 12 may be located on a control panel close to the
aircraft door. The control panel may be located such that the user has a clear line of sight
to the area swept by the aircraft door operated by the control panel, whilst the user remains
at a safe distance from the aircraft door. Alternatively, the user control 12 may be remote
from the aircraft door. The user control 12 may be configured to cause wireless

communication of the command 14 to the controller 100.

[0045] Figure 2 shows a schematic view of an assembly comprising the user control 12
of the system 1 of Figure 1. The user control 12 is configured to cause generation of the
command 14 by movement of the user control 12 to a first position, from the position
shown in Figure 2, in the direction indicated by arrow 24. The user control 12 of this
embodiment is biased away from the first position by a spring 22. When the user releases
the user control 12, the user control 12 is moved by the resilience of the spring 22 in the
direction indicated by arrow 26, and the command 14 is no longer generated. The range
of movement of the user input 20 is limited by a housing 28 of the assembly. In this
example, the housing helps to ensure that the user control 12 is movable only in the
directions indicated by the arrows 24, 26. It will be understood that any other suitable
type of biased, or unbiased, user control 12 could be used in other embodiments of the

aircraft door control system 10.

[0046] In this embodiment, and in contrast to the known systems discussed above, the
user control 12 is free to be operated by a user when the power to move the aircraft door
between the open position and the closed position relative to the door frame is
unavailable. The controller 100 is configured such that the command 14 generated by
operation of the user control 12 when the power is unavailable is not stored by the
controller 100. Accordingly, no interlock, such as that discussed above with reference to
the known systems, need be provided to selectively prevent operation of the user control

12.



[0047] As noted above, the user control 12 is configured to cause generation of the
command 14 by movement of the user control 12 to the first position against the biasing
force of the spring 22. The biasing force causes the user control 12 to tend towards a
position at which the command 14 is not caused to be generated. The user control 12
cannot, therefore, be inadvertently left by a user in a position at which generation of the
command 14 is caused, and will only cause generation of the command 14 when the user
control 12 is in the first position. As such, the user control 12 cannot inadvertently be left
in a position at which movement of the door would be caused, should the power to move

the door subsequently be restored.

[0048] In this embodiment, the user control 12 is a first user control 12, and the aircraft
door control system 1 comprises a second user control 13. The aircraft door control
system 1 is configured such that actuation of the first user control 12 causes generation
of the command 14 in dependence on a status of the second user control 13. More
specifically, in this embodiment, actuation of the first user control 12 causes generation
of the command 14 only when the second user control 13 is operated simultaneously with
the first user control 12. In some embodiments, the first user control 12 and the second
user control 13 are arranged in series, as shown in Figure 1, such that the first user control
12 can cause generation of the command 14 only when the second user control 13 is
actuated simultaneously with the first user control 12. In other embodiments, the first
user control 12 and the second user control 13 are arranged in parallel, so that each of the
first and second user controls 12, 13 causes generation of a respective command that is
sent to the controller along parallel paths (the path of the command from the second user
control shown in Figure 1 by way of a dashed line). In such alternative embodiments, the
controller 100 may be configured to cause movement of the aircraft door between the
open position and the closed position relative to the door frame only when the controller
100 receives the commands from both the first user control 12 and the second user control

13 simultaneously.

[0049] In some embodiments, the first user control 12 and the second user control 13 are
located on a control panel and relatively arranged in such a way that a user cannot operate

the first user control 12 and the second user control 13 simultaneously using one hand.



For example, the control panel may comprise physical barriers which prevent a user
reaching both of the first and second user controls 12, 13 simultaneously using one hand,
or the first and second user controls 12, 13 may be spaced apart by more than the span of
a user’s hand. Accordingly, both of the user’s hands are required to operate both of the
first and second user controls 12, 13 simultaneously. Such a configuration helps to ensure
that the user cannot trap either of their hands in the aircraft door when the aircraft door
moves between the open position and the closed position relative to the door frame in

response to the command 14.

[0050] In this embodiment, the aircraft door control system 1 further comprises a detector
16 communicatively connected to the controller 100 and configured to detect a position
of the aircraft door relative to the door frame. The controller 100 is configured to cause
movement of the aircraft door between the open position and the closed position relative
to the door frame on the basis of an output of the detector 16 received by the controller
100. In this embodiment, the detector 16 is a proximity sensor. However, it will be
appreciated that in other embodiments any other suitable detector 16 may be employed.
The detector 16 may be configured to detect when the aircraft door is fully open and/or
fully closed. The detector 16 may be configured to detect a partially open position of the
aircraft door relative to the door frame. The receiver 110 may be configured to receive a
signal from the detector 16 that is indicative of a position of the aircraft door relative to
the door frame. In other embodiments, the controller 100 may comprise a further receiver

for receiving the output of the detector 16.

[0051] In this embodiment, the aircraft door control system 1 comprises one or more
sensors 18. The one or more sensors 18 are configured to detect whether the power to
move the aircraft door between the open position and the closed position relative to the
door frame is available. In embodiments in which the power comprises hydraulic power,
the one or more sensors 18 may comprise a pressure sensor or other sensor suitable for
detecting whether hydraulic power is available. In embodiments in which the power
comprises electrical power, the one or more sensors 18 may comprise a voltage detector

or other sensor suitable for detecting whether electrical power is available.
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[0052] The present invention also provides a method of controlling an aircraft door. The
method comprises receiving a command to move the aircraft door between an open
position and a closed position relative to a door frame, and not storing the command when
power to move the aircraft door between the open position and the closed position relative
to the door frame is unavailable. The method can be carried out by the aircraft door
controller 100, whereby the receiver 110 is configured to receive the command to move
the aircraft door between an open position and a closed position relative to a door frame
and the controller 100 is configured to not store the command 14 when power to move
the aircraft door between the open position and the closed position relative to the door
frame is unavailable. In some embodiments, the power comprises hydraulic power. In
some embodiments, the power comprises electrical power. In some embodiments, the
power comprises hydraulic and electrical power, and the method comprises not storing

the command when one or each of the hydraulic and electrical power is unavailable.

[0053] Figure 3 is a flow diagram showing an example of a method according to an
embodiment of the present invention. The method can be carried out by use of the aircraft
landing gear door control system 1 discussed above. The method 30 comprises moving
32 the user control 12 against the biasing force of the spring 22 to a first position, causing
34 generation of the instruction or command 14 to move an aircraft door between an open
position and a closed position relative to a door frame, receiving 36 the instruction or
command at the controller 100, and not storing 38 the instruction or command or
information representative thereof when power to move the aircraft door between the
open position and the closed position relative to the door frame is unavailable. That is,
the instruction or command is not stored, in dependence on the availability, at the time
when the instruction or command is received, of power to perform the instructed
movement of the aircraft door. In some embodiments, the command 14 comprises a
command to move the aircraft door from the open position to the closed position relative
to the door frame. In other embodiments, the command 14 comprises a command to move
the aircraft door from the closed position to the open position relative to the door frame.
In this embodiment, the aircraft door is a landing gear bay door. However, as noted

elsewhere herein, in other embodiments the invention may be employed additionally or
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alternatively to control movement of one or more cargo bay doors. As noted above, the

power may comprise hydraulic and/or electrical power.

[0054] Figure 4 shows a schematic diagram of a non-transitory computer-readable
storage medium according to an embodiment of the invention. The non-transitory
computer-readable storage medium stores instructions 40 that, if executed by a processor
of an aircraft door controller, cause the processor to perform a method of controlling an
aircraft door. In this embodiment, the aircraft door controller, the non-transitory
computer-readable storage medium, and the processor are the controller 100, memory
130 and processor 120 of the aircraft landing gear door control system 1 described above
with reference to Figures 1 and 2. However, in other embodiments, these elements may
additionally or alternatively be parts of an aircraft cargo bay door control system to
control movement of one or more cargo bay doors. In either case, the instructions 40
comprise receiving 41 a command to move the aircraft door between an open position
and a closed position relative to a door frame, and not storing 42 the command, when
power to move the aircraft door between the open position and the closed position relative

to the door frame is unavailable.

[0055] Figure 5 shows a schematic diagram of an aircraft 5 in accordance with an
embodiment of the present invention. In this embodiment, the aircraft 5 comprises main
landing gears 6 and the aircraft landing gear control system 1, comprising the aircraft
door controller 100, discussed above for controlling movement of doors of the respective
bays for the landing gears 6. The aircraft 5 also comprises the non-transitory computer-
readable storage medium discussed above with reference to Figure 4. In some
embodiments, the aircraft 5 comprises at least one cargo bay door and one or more aircraft
door control systems according to an embodiment of the invention for controlling

movement of the cargo bay door(s).

[0056] The above embodiments are to be understood as non-limiting illustrative
examples of how the present invention, and aspects of the present invention, may be
implemented. Further examples of the invention are envisaged. For example, the aircraft

door may be a cargo bay door or any other aircraft door that can be controlled by the
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controller 100 or the aircraft door control system 1. For example, the aircraft door may
be an access hatch for aircraft maintenance. It is to be understood that any feature
described in relation to any one embodiment may be used alone, or in combination with
other features described, and may also be used in combination with one or more features
of any other of the embodiments, or any combination of any other of the embodiments.
Furthermore, equivalents and modifications not described above may also be employed
without departing from the scope of the invention, which is defined in the accompanying

claims.

[0057] Ttis to noted that the term “or” as used herein is to be interpreted to mean “and/or”,

unless expressly stated otherwise.
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CLAIMS:

1. An aircraft door controller, comprising:

a receiver configured to receive a command to move an aircraft door between an
open position and a closed position relative to a door frame;

wherein the aircraft door controller is configured to not store the command when
power to move the aircraft door between the open position and the closed position relative

to the door frame is unavailable.

2. The aircraft door controller according to claim 1, wherein the command comprises

an electrical signal.

3. The aircraft door controller according to claim 2, wherein the controller is
configured to not store the command by the controller not latching the command in

memory.

4. An aircraft door control system, comprising:
the aircraft door controller according to any one of claims 1 to 3; and
a user control configured to cause generation of the command when operated by

a user.

5. The aircraft door control system according to claim 4, wherein the user control is
operable by the user when the power to move the aircraft door between the open position

and the closed position relative to the door frame is unavailable.

6. The aircraft door control system according to claim 5, wherein the user control is
configured to cause generation of the command by movement of the user control to a first

position, and wherein the user control is biased away from the first position.

7. The aircraft door control system according to any one of claims 4 to 6, comprising
a detector configured to detect a position of the aircraft door relative to the door frame,

wherein the aircraft door controller is configured to cause movement of the aircraft door

14



between the open position and the closed position relative to the door frame on the basis

of an output of the detector.

8. The aircraft door control system according to any one of claims 4 to 7, wherein
the user control is a first user control and the control system comprises a second user
control, and

wherein the aircraft door control system is configured such that operation of the
first user control causes generation of the command in dependence on a status of the

second user control.

9. The aircraft door control system according to any one of claims 4 to 8, wherein

the aircraft door control system is an aircraft landing gear bay door control system.

10. A method of controlling an aircraft door, the method comprising:

receiving a command to move the aircraft door between an open position and a
closed position relative to a door frame; and

not storing the command, when power to move the aircraft door between the open

position and the closed position relative to the door frame is unavailable.

11. The method according to claim 10, comprising causing generation of the
command by operation of a user control, and

wherein the user control is operable to cause generation of the command when the
power to move the aircraft door between the open position and the closed position relative

to the door frame is unavailable.
12.  The method according to claim 10 or claim 11, wherein the command comprises
a command to move the aircraft door from the open position to the closed position relative

to the door frame.

13.  The method according to any one of claims 10 to 12, wherein the power comprises

hydraulic power and/or electrical power.
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14.  The method according to any one of claims 10 to 13, wherein the aircraft door is

a landing gear bay door or a cargo bay door.

15. A non-transitory computer-readable storage medium storing instructions that, if
executed by a processor of an aircraft door controller, cause the processor to carry out the

method of any one of claims 10 to 14.

16. An aircraft, comprising one or more of’
the aircraft door controller according to any one of claims 1 to 3;
the aircraft door control system according to any one of claims 4 to 9; and

the non-transitory computer-readable storage medium according to claim 15.

17.  An aircraft door controller for controlling movement of an aircraft door, wherein
the aircraft door controller is configured to not store information representative of an
instruction to move the aircraft door relative to a door frame, in dependence on the
availability, at the time when the instruction is received by the controller, of power to

perform the instructed movement of the aircraft door.
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