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AIRCRAFT MAINTENANCE ROBOT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. appli-
cation Ser. No. 07/722,968 filed Jun. 28, 1991 now U.S. Pat.
No. 5,318,254, by E. Craig Shaw and Marlee Payne-Shaw
entitled “Aircraft Maintenance Robot.”

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to aviation and more
particularly to an apparatus and method for automatically
deicing and maintaining an aircraft.

BACKGROUND OF THE INVENTION

The presence of ice on aircraft surfaces can destroy or
substantially reduce lift, which is necessary for flight. There-
fore, when icing conditions exist, the ice must be removed
or prevented, generally referred to as “deiced,” before take
off. Aircraft are typically deiced by the application of a
heated deicing fluid, which is usually glycol.

One present method of deicing aircraft entails using a
truck or similar vehicle with an arm attached. The arm has
a cradle at the end from which an operator positions the arm
and sprays deicing fluid on the surfaces of the aircraft. This
method has several inherent disadvantages. First, this
method requires considerable time to deice the aircraft.
Additionally, waste of deicing fluid frequently results from
the application of excessive amounts of deicing fluid. More-
over, human error in positioning and applying the deicing
fluid is more probable, especially since the greatest need for
deicing typically occurs in the harshest weather conditions.
The human error and excessive amounts of deicing fluid
expose operators to direct contact with the potentially dan-
gerous chemicals in the deicing fluid.

Another method of deicing aircraft involves using a truck
or similar vehicle with a arm attached thereto, and the arm
positioned by remote. An operator views a monitor coupled
to the arm, and based on the view from the remote camera,
the operator positions the nozzles and sprays the surfaces.
This method suffers from the same deficiencies as the prior
system, but even less effectively deices the aircraft because
the operator only views the aircraft surface through the
remote video camera. If it is not possible to see in through
the video camera, the operator will erroneously determine
that the surface is free of ice.

A system is therefore needed to automatically deliver
heated deicing fluid to the surfaces of aircraft in a short time,
without waste of deicing fluid, and without error caused by
human operators.

SUMMARY OF THE INVENTION

The present invention provides an automatic robotic deic-
ing apparatus and method designed to satisfy the aforemen-
tioned needs. The deicing is carried out by an automatic,
robotic deicing robot having a manipulable arm with nozzles
for spraying deicing fluid. The present invention may also be
used to perform other basic maintenance tasks on aircraft
surfaces.

According to one embodiment of the present invention,
deicing fluid is delivered to nozzles which are attached to a
free end of an arm comprised of a plurality of arms respon-
sive to control signals generated by a microprocessor. The
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microprocessor generates the control signals after account-
ing for the position of the aircraft, the dimensions of the
aircraft, and the weather conditions. Deicing fluid may then
be delivered to the surfaces of the aircraft without substan-
tial intervention of a human operator.

According to another embodiment of the present inven-
tion, a recovering and reconditioning system is provided
such that a portion of the deicing fluid sprayed on the
surfaces of the aircraft may be recovered and reconditioned
for re-use.

According to another embodiment of the present inven-
tion, a maintenance tool is coupled to a free end of an arm
comprised of a plurality of arms that are responsive to
control signals generated by a microprocessor. This arrange-
ment allows the maintenance tool to follow the surfaces of
the aircrafi in close proximity such that the aircraft may be
washed, inspected by video, depainted or deiced depending
on the particular maintenance tool coupled to the free end of
the plurality of arms, without substantial intervention of a
human operator.

According to another aspect of the present invention,
there is provided a method for deicing aircraft comprising
the steps of preparing the deicing fluid for application;
generating control signals that account for the size of the
aircraft, the position of the aircraft in the deicing area, and
the weather conditions. Then, the robot positions the nozzles
to deliver the deicing fluid in response to the control signals
such that the deicing fluid may be delivered to the surfaces
without substantial intervention of a human operator.

The method and apparatus for automatically deicing air-
craft provide several technical advantages. The method and
apparatus eliminate the need for substantial human inter-
vention by an operator and, consequently, the inherent
disadvantages of a human operator, including excess deicing
time, operation inefficiency, and human error. The auto-
mated delivery of deicing fluid to aircraft surfaces means
that consistent deicing would occur despite harsh weather
conditions. Additionally, the use of an automated, robotic
arm allows placement of the nozzles in close proximity to
the aircraft surfaces, which further reduces the waste of
deicing fluid and maintains the heated temperature of the
deicing fluid. Additionally, the automated, robotic deicer
allows faster application of deicing fluid to the surfaces of an
aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be acquired by referring to the detailed description and
claims when considered in connection with the accompanied
drawings in which like reference numbers indicate like
features and wherein:

FIG. 1 is a perspective view of the aircraft maintenance
robot of the preferred embodiment applying deicing fluid to
a typical commercial aircraft;

FIG. 2 is a schematic, elevational view of the maintenance
robot;

FIG. 3 is a schematic side view of the manifold;

FIG. 4 is a schematic top view of the manifold;

FIG. 5 is a side view of the arm;

FIG. 6 is a schematic, cutaway, side view of the mainte-
nance robot chassis;

FIG. 7 is a schematic, cutaway, top view of the aircraft
maintenance robot chassis base;
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FIG. 8 is a schematic, cutaway, bottom view of the aircraft
maintenance robot chassis base;

FIG. 9 is a schematic side view of the operations center
in the travel mode;

FIG. 10 is a schematic side view of the operations center
in the operations mode;

FIG. 11 is a block diagram of the processing and com-
munications for the aircraft maintenance robot;

FIG. 12 is a schematic front view of the control panel for
the aircraft maintenance robot and other equipment located
in the operations cabin;

FIG. 13 is a side view of a multiplicity of exemplary
maintenance tools;

FIG. 14 is a schematic top view diagram of the deicing of
a commercial aircraft over.an elapsed time period for one
deicing cycle;

FIG. 15 is a schematic top view showing the configuration
of aircraft maintenance robots when four robots are used;
and

FIG. 16 presents a flow chart of an exemplary process for
deicing a commercial aircraft with the aircraft maintenance
robot.

DETAILED DESCRIPTION OF THE
INVENTION

The preferred embodiment of the present invention is best
understood by referring to FIGS. 1-16 of the drawings, like
numerals being used for like and corresponding parts of the
various drawings.

FIG. 1 provides an illustrative drawing showing the
aircraft maintenance robot 20 of the preferred embodiment
applying a deicing fluid to a typical commercial aircraft 22
on an airport runway. The deicing fluid may be heated or at
ambient temperature depending on the particular chemical
compound being used. According to FIG. 1, aircraft main-
tenance robot 20 comprises chassis 24, which includes mast
26 and chassis base 28. From chassis base 28, tracks 30 and
32 provide both support and a way to move the aircraft
maintenance robot 20. On mast 26 is arm 34, comprising
arms 36 and 38, which attaches to arm support trunnion 40.
Extending from mast 26, inner arm 38 attaches to trunnion
40 and to elbow 42. Additionally, outer arm 36 attaches to
elbow 42 and, at the opposite end, includes manifold, or end
effector, 44. Manifold 44 comprises a plurality of nozzles 78
(not shown) through which deicing fluid 46 may flow to
commercial aircraft 22. As FIG. 1 illustrates, arm 34 may
take a variety of positions along mast 26, and arm 34 may
take a great number of positions to fully apply deicing fluid
46 to commercial aircraft 22.

Referring to FIG. 2, aircraft maintenance robot 20
includes chassis base 28, to which mast 26 is attached.
Movable robotic arm 34 is attached to trunnion support 40
(not shown). Support trunnion 40 slides within guide 48 in
mast 26 from the uppermost position 50 to the lowermost
position 52, and to maintain isolation between the outside
atmosphere and the internal mechanics of mast 26, seal 54
extends the length of guide 48 and may comprise a rubber
material or brush configuration. Aircraft maintenance robot
20 also includes indication lights 56 and 58. Indication light
56 may comprise a rotating light, similar to that often found
on moving objects on the airfield, to indicate movement of
aircraft maintenance robot 20. Indication light 58 may be red
or some other color to indicate operation or movement of a
robotic arm 34. At the lower portion of the aircraft mainte-
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nance robot 20 and located on chassi$ base 28 are indication
lights 60, 62, 64 and 66, which indicate operation of the unit.
Along the side of the lower chassis base 28 appears inlet 68
for providing air to an internal gas turbine engine 122.
Although the preferred embodiment uses a gas turbine
engine 122 for prime movement, other similarly compatible
forms of locomotion are considered within the scope of the
present invention. Near the bottom edge of chassis base 28
are bumper guards 70 to prevent damage to aircraft main-
tenance robot 20 or other structures or equipment in the
event of inadvertent contact between them and aircraft
maintenance robot 20. Located near the top of mast 26
appears antenna 72 for transmitting data to and from aircraft
maintenance robot 20.

Inner arm 38 is attached to trunnion 40 at one end and
elbow 42 at the other, to which outer arm 36 is also attached.
The end of outer arm 36, opposite to elbow 42, is manifold
44 and wrist 74. Near wrist 74 on outer arm 36 appears
camera 76. Camera 76 may be an infrared camera, thermo-
graphic scamner, ultrasonic sensor, video camera, or any
appropriate sensor or viewing device for various viewing
and sensing applications.

Referring now to FIG. 3, there is shown a side view of
manifold 44. Outer arm 36 of arm 34 is coupled to manifold
44 at wrist 74. Nozzles 78 (not shown) are coupled to
manifold 44 in such a way as to allow spraying of fluids
away from manifold 44. In addition to nozzles 78, proximity
sensors 79 are coupled to the manifold 44. The proximity
sensors 79 are a safety feature which automatically will
disable the arm 34 if the manifold 44 is too close to an
aircraft surface.

Referring now to FIG. 4, there is shown a top view of
manifold 44. Wrist 74 couples outer arm 36 (not shown) and
manifold midsection 80. Manifold extensions 82 and 84 are
slidably connected to manifold midsection 80 such that the .
size of manifold 44 may be varied. Manifold extension
actuators 86 and 88 are operable to slide in and slide out of
manifold extensions 82 and 84 into or out of midsection 80,
allowing for a variation of the size of manifold 44. The
unexpanded size of the manifold 44 may be used to deice
small aircraft.

Referring now to FIG. 5, a side view of the arm 34 is
shown. Wrist 74 is located on the end of outer arm 36, which
is also coupled to inner arm 38 at elbow 42. Inner arm 38 is
also coupled to support trunnion 40. Near the connection of
support trunnion 40 to inner arm 38 appears a portion of
deicing fluid conduit 90, which enters inner arm 38 near
trunnion 40 and runs the length of arm 34 through wrist 74
into nozzles 78 located on manifold 44. Also entering inner
arm 38 near trunnion 40 is camera linkage 92, which couples
the camera 76, located on outer arm 36, with monitor 96 (not
shown) and VCR 98 (not shown). Camera link 92 may be,
for example, electrical linkage or fiber optics. Entering inner
arm 38 near trunnion 40 is also control signal lines 94, which
couple actuators in the arm and manifold to a first processor
100 (not shown). Trunnion 40 is coupled to inner arm 38 at
rotatable hinge 102. Rotatable hinge 102 has an actuator 104
(not shown), which can rotatably move inner arm 38 about
rotatable hinge 102 in response to control signals 192,
developed by first processor 100 and carried by control
signal lines 94 to actuator 104. Similarly, actuator 108 (not
shown) located at rotatable hinge 42 allows outer arm 36 to
be rotatably moved about rotatable hinge 42 in response to
control signals 192. Wrist 74 contains actuator 110, which
can move the wrist in two axes in response to control signals
192 developed by the first processor 100.

Now referring to FIG. 6, there is schematically shown a
cutaway side view of the chassis 24 of the aircraft mainte-















