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AIRCRAFT MAINTENANCE ROBOT

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to aviation and more
particularly to an apparatus and method for automati-
cally 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.
Therefore, when icing conditions exist, the ice must be
removed or prevented, generally referred to as “de-
iced,” before take off. Aircraft are typically deiced by
the application of a heated deicing fluid, which is usu-
ally 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 disadvan-
tages. 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. Moreover, human error in
positioning and applying the deicing fluid is more prob-
able, especially since the greatest need for deicing typi-
cally occurs in the harshest weather conditions. The
human error and excessive amounts of deicing fluid
expose operators to direct contact with the potentially
dangerous 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
deicing apparatus and method designed to satisfy the
aforementioned 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 main-
tenance tasks on aircraft surfaces.

According to one embodiment of the present inven-
tion, deicing fluid is delivered to nozzles which are
attached to a free end of an arm comprised of a plurality
of arms responsive to control signals generated by a
microprocessor. The microprocessor generates the con-
trol signals after accounting for the position of the air-
craft, the dimensions of the aircraft, and the weather
conditions. Deicing fluid may then be delivered to the
surfaces of the aircraft without substantial intervention
of a human operator.

According to another embodiment of the present
invention, a recovering and reconditioning system is
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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
invention, a maintenance tool is coupled to a free end of
an arm comprised of a plurality of arms that are respon-
sive to control signals generated by a microprocessor.
This arrangement allows the maintenance tool to follow
the surfaces of the aircraft in close proximity such that
the aircraft may be washed, inspected by video, de-
painted or deiced depending on the particular mainte-
nance tool coupled to the free end. of the plurality of
arms, without substantial intervention of a human oper-
ator. -

According to another aspect of the present invention,
there is provided a method for deicing aircraft compris-
ing the steps of preparing the deicing fluid for applica-
tion; 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 posi-
tions 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 interven-
tion of a human operator.

The method and apparatus for automatically deicing
aircraft provide several technical advantages. The
method and apparatus eliminate the need for substantial
human intervention by an operator and, consequently,
the inherent disadvantages of a human operator, includ-
ing excess deicing time, operation inefficiency, and
human error. The automated 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 inven-
tion may be acquired by referring to the detailed de-
scription 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 mainte-
nance robot of the preferred embodiment applying deic-
ing fluid to a typical commercial aircraft;

FIG. 2 is a schematic, elevational view of the mainte-
nance 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
maintenance robot chassis;

FIG. 7 is a schematic, cutaway, top view of the air-
craft maintenance robot chassis base;

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
communications for the aircraft maintenance robot;
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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 deic-
ing of a commercial aircraft over an elapsed time period
for one deicing cycle;

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

FIG. 16 presents a flowchart of an exemplary process
for deicing a commercial aircraft with the aircraft main-
tenance robot.

DETAILED DESCRIPTION OF THE
INVENTION

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

FIG. 1 provides an illustrative drawing showing the
aircraft maintenance robot 20 of the preferred embodi-
ment 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 maintenance 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. Extend-
ing 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 illus-
trates, 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 be-
tween the outside atmosphere and the internal mechan-
ics 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
maintenance robot 20 and located on chassis base 28 are
indication lights 60, 62, 64 and 66, which indicate opera-
tion 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 consid-
ered within the scope of the present invention. Near the
bottom edge of chassis base 28 are bumper guards 70 to
prevent damage to aircraft maintenance robot 20 or
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other structures or equipment in the event of inadver-
tent contact between them and aircraft maintenance
robot 20. Located near the top of mast 26 appears an-
tenna 72 for transmitting data to and from aircraft main-
tenance 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 infra-
red camera, thermographic scanner, 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 spray-
ing 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 fea-
ture 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. Mani-
fold 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 ap-
pears 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 rotat-
ably move inner arm 38 about rotatable hinge 102 in
response to control signals 192, developed by first pro-
cessor 100 and carried by control signal lines 94 to
actuator 104. Similarly, actuator 108 (not shown) lo-
cated 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 maintenance robot 20. Inner arm 38 is associ-
ated with rotatable hinge 102, which may be raised and
lowered in guide 48 on mast 26. Deicing fluid conduit
90 enters inner arm 38 near rotatable hinge 102. Deicing
fluid conduit 90 allows the transport of deicing fluid 46
from pump 112 to nozzles 78. Adequate deicing fluid
conduit 90 is provided such that slidable hinge 102 may
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slide full travel in guide 48 from the uppermost position
50 (not shown) to the lowermost position 52 (not
shown). Pump 112 is associated with deicing fluid reser-
voir 114, which is in fluid communication with pump
112. Deicing fluid reservoir 114 may be filled with deic-
ing fluid 46 through filling port 116. Filling port 116
may be connected to a truck of deicing fluid (not
shown) or may be connected to a fluid farm 118 (not
shown).

Now referring to FIG. 7, there is shown a cutaway
top view of chassis base 28 of the aircraft maintenance
robot 20. Near the middle of chassis base 28 is deicing
fluid reservoir 114. Deicing fluid reservoir 114 in the
preferred embodiment has heating elements 120 (not
shown) and may contain approximately 8000 gallons of
deicing fluid in the preferred embodiment. The heating
elements 120 allow the deicing fluid 46 to be maintained
at high temperatures, as high as 210° F. Located to one
side of deicing fluid reservoir 114 is turbine generator
122. The air needed for turbine generator 122 is pro-
vided through air intake 124 and exhaust exits through
exit port 126. The turbine generator 122 is capable of
providing all necessary energy for operation of the
aircraft maintenance robot 20, but external power may
be accepted, as well. Located to one side of air intake
124 is hydraulic pad 128, on which may rest hydraulic
reservoir 130 (not shown) and hydraulic pump 132 (not
shown). Adjacent to hydraulic pad 128 and deicing
fluid reservoir 114 is pump pad 134, on which rests
pump 112. Located near pump pad 134 is arm mounting
pad 136, upon which arm 34 and part of mast 26 are
mounted. Opposite arm mounting pad 136 and near
exhaust port 126 appears power source connection 138,
which allows for external power to be used by the air-
craft maintenance robot 20. The aircraft maintenance
robot 20 may operate with external power provided
through power source connection 138 or on power
internally produced by turbine generator 122.

Located to one side of the chassis base 28 is processor
compartment 144, which is separated from the rest of
the base 28 by insulating divider 146. In the corner of
the processor compartment 144 is the first processor
100, which is the main processor for controlling mainte-
nance operations performed by the aircraft maintenance
robot 20. Adjacent to the first processor 100 is the
backup first processor 140. Backup processor 140 will
assume responsibility for controlling operations of the
aircraft maintenance robot 20 in the event of a failure of
the first processor 100. A second processor 142 is lo-
cated on the other side of backup first processor 140.
The second processor 142 may be connected to weather
transducers 148 (not shown), from which it may de-
velop weather information. The second processor 142
then may communicate to first processor 100 the
weather information. Located near second processor
142 is communications transceiver 150, which is cou-
pled to antenna 72. Communications transceiver 150
allows for the receiving and transmitting of data by
telemetry.

Now referring to FIG. 8, there is shown a schematic,
cutaway bottom view of chassis base 28. Located near
the middle section of chassis base 28, as seen from be-
low, is fuel tank 115. Fuel tank 115 may be a reservoir
holding approximately 150 gallons of fuel. To each side
of fuel tank 115 are tracks 30 and 32. Tracks 30 and 32
allow the aircraft maintenance robot 20 to have bilateral
movement, as well as the ability to turn the maintenance
robot 20 by individually actuating one of the tracking
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motors 152. Tracking motors 152 may include DC mo-
tors and gearboxes 154 and 156. The tracks 30 and 32
are much like the tracks on a bulldozer or tank.

Referring now to FIG. 9, there is shown an opera-
tions center 156, from which the aircraft maintenance
robot 20 is monitored and initiated. FIG. 9 shows the
operation center 156 in the travel mode. On the roof of
operations cabin 168, located on operations center base
166, are antenna 158 and weather transducer 160. An-
tenna 158 allows communication with the aircraft main-
tenance robot 20, with pilots of commercial aircraft 22,
and with the airport facility. Weather transducer 160,
along with others not shown, allow weather informa-
tion to be checked by the operator. Maintenance opera-
tions by the aircraft maintenance robot 20 may be
viewed by the operator through side glass 162.

Now referring to FIG. 10, there is shown a side view
of the operations center 156 in the operations mode.
The operations center 156 is supported by and may be
transported by tracks 164. Operations center base 166
rests on tracks 164. Rotatably coupled to operations
center base 166 are hydraulic strut 172 and beam 170.
Beam 170 is also rotatably coupled to operations cabin
base 176. Hydraulic strut 174 is rotatably coupled to
operations cabin base 176 and to beam 170. The support
structure of the operations cabin comprised of hydrau-
lic struts 172 and 174 and beam 170 is operable to raise
and lower the operations cabin by actuating hydraulic
struts 172 and 174. Located on the side of operations
cabin 168 are air intakes 178, which provide air to a
turbine generator 182 (not shown). Turbine generator
182 is capable of providing all necessary energy for
operations cabin 168. External power may also be used
and may be imported through external power connec-
tion 184. Also located on the side of operations cabin
168 is heating, ventilation, and air conditioning unit 180.

The ability to raise and lower the operations cabin
168 with hydraulic struts 174, 172 and beam 170 allows
a travel mode and an operations mode, which make
operation of the maintenance robot system more conve-
nient and safer. The operations cabin 168 can be placed
in the travel mode, which provides a low center of
gravity for more stability in moving. Additionally, the
travel mode may be selected when the robotic system is
not in use or when an emergency exists for an incoming
aircraft such that the number of vertical hazards on the
airfield is reduced.

Now referring to FIG. 11, there is shown a schematic
block diagram of the processing and communications
for the maintenance robot 20. The second processor, or
weather processor, 142 produces weather information
in response to signals received from weather transduc-
ers 148, and the weather information is communicated
to the first processor 100. Information from position
transducer 188 (not shown) is transmitted to the first
processor 100; the transmission of the signal from posi-
tion transducer 188 into first processor 100 is repre-
sented by numeral 190. The signal to begin deicing and
the dimensional code are received by the communica-
tions transceiver 150 from the operations center 156 and
transmitted to the first processor 100. Signal 190, the
weather information from second processor 142, the
dimensional code, and the signal to perform deicing are
also received by the backup first processor 140. Addi-
tionally, all the information being received by processor
100 is displayed on the main terminal 186 in the opera-
tions center 156. In the event of a failure of processor
100, backup first processor 140 is able to take over con-















